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SUMMARY

The complexity associated with the manufacturing processes of medicinal products and therefore the
need for a better understanding of them to guarantee the quality, safety, and efficacy of manufactured
products, requires the pharmaceutical industry to move towards advanced manufacturing. This shift
in the manufacturing paradigm involves the combination of multivariate analysis along with
advanced process analysis approaches to designing the quality of the product instead of evaluating
the final quality of it at the end of the manufacturing process. To achieve this, the implementation of
Near-Infrared Spectroscopy (from now on NIR), Raman spectroscopy, and Total Organic Carbon
(from now on TOC) techniques has been proposed as an alternative to conventional analytical

techniques.

Four lines of research have been proposed in this thesis considering the demands in each of the unit
operations of the pharmaceutical manufacturing process, from the reception of the starting materials
(from now on abbreviated as SM), the determination of the attributes in each unit operation, the

validation of the cleaning of equipment after manufacturing, and optimizing the lifetime of a product:

1. The correct maintenance of an SM identification library has been guaranteed with the
applicability of NIR spectroscopy. Moreover, the transferability between initial equivalent
FT-NIR equipment from Bruker, following risk assessment and involving statistics and
mathematical treatments, has been demonstrated.
¢ Based on the workflow strategy for the identity of the set of the SM batches incoming

in the sampling room, as a result of the detection of new sources of variability, the NIR
spectral library based on the sub-cascading spectral strategy, involving 237 SM, has
been properly calibrated and validated accordingly to the guideline requirements. The
first level library has been calculated by spectral distance including a wide spectral
range. The sub-cascading spectral libraries have been calculated involving the spectral
distance in PCA (from now on Principal Component Analysis) space, more complex
mathematical pre-treatments, and narrower spectral ranges have been necessary to
guarantee the unequivocal qualification of those materials that generated confusion. As
a result, six cascading levels have been created.

e The transferability between NIR equipment from Bruker has been carried out
considering the new version of the generated identification library. The implementation
of the risk assessment based on the Failure Mode Effects Analysis (from now on FMEA)
has been key to selecting, from the total of 237 SM, those considered critical for the
evaluation of the equivalence between equipment. As a result, since no significant

spectral differences have been found between the spectra acquired with both NIR
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equipment for the materials categorized as critical, it is concluded with direct
transferability.

2. Determination of critical quality attributes (from now on CQA) of solid-form medicines at
different unit operations in the manufacturing process based on NIR and Raman
methodologies has been carried out.

e It has been possible to develop an identification and quantification procedure through
offline NIR and Raman spectroscopy for a solid oral product in tablet form as a part of
a corporate project. The experimental design and the measurement strategy have been
crucial to guarantee the applicability of the procedures throughout the product’s
shelf-life.

e It has been possible to develop an identification and quantification procedure through
offline NIR spectroscopy for a product in solid oral form manufactured by direct mixing
with a tendency to segregation, due to the different particle sizes of its components. To
achieve this, the use of a specific measurement module with a sampler rotator, allows
for an increase in the measurement surface, and obtaining more representative spectra
of the sample has been crucial.

e The correct performance of the determination of the CQAs identification, assay, and
moisture content for a product in oral solid form has been demonstrated throughout the
process life cycle, prior to the dosage unit operation, involving the NIR inline
technology, allowing the real-time analysis. Moreover, the procedure for an offline NIR
methodology has been successfully developed and validated for assay and content
uniformity determination, if proceeding, for the batch product release.

o Due to the satisfactory results, the offline NIR strategies developed are summited for
registration as an alternative method for batch release in the authorized countries.

3. An alternative methodology has been developed and validated to correctly detect the
presence of a selected contaminant after cleaning validation based on the TOC technique,
following the analytical quality by design principle (from now on AQbD).

e The ability of the TOC technique has been demonstrated to determine using a linear
method, selective in the presence of organic carbon, accurate, precise, and robust,
establishing the limits of detection and quantification, the presence of contaminants in
cleaning water for the last rinse and swab samples, after pharmaceutical manufacturing,
allowing its quantification from the calculated acceptable limits.

e The transferability between TOC equipment from Sievers has been proven in terms of

linearity, precision, and accuracy.
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4. It has been possible to predict the shelf-life of specific pharmaceutical forms from historical
long-term stability studies through the application of statistics, eliminating the presence of
CQA s outside the specified limits.

o Forthe liquid dosage form, it has been necessary to decrease the product shelf-life to 17
months removing the presence of assay-related out of specifications (from now on
00S).

o For the solid dosage form, specific primary packaging materials should be selected to
remove the presence of total impurities related to OOS at the authorized shelf-life (18

or 24 months depending on the packaging material).

19






Obijectives _

OBJECTIVES

The main objective of this doctoral thesis is the development of feasible solutions based on process
analytical technology (from now on PAT) using rapid analysis techniques involving the
mathematical and statistical treatment of data with the use of chemometrics, to guarantee the quality,
safety, and efficacy of medicinal products in each of the unit operations of the manufacturing process,
allowing a better understanding of it through risk assessment, reducing the costs associated with the

process.

NIR spectroscopy, Raman spectroscopy, and TOC are proposed as an alternative to the currently

authorized and used conventional analytical techniques.
The following challenges to be achieved can be detailed below:

1. Guarantee the correct maintenance of an identification library that includes the set of SM
that are received in the pharmaceutical industry with the applicability of NIR spectroscopy.
In addition, to evaluate, following the risk assessment and involving statistical and
mathematical treatments, the transferability strategy of the identification method between
initial equivalent FT-NIR equipment.

2. Determination of CQAs for different solid forms of drugs at different unit operations of the
manufacturing processes implementing offline and inline NIR and offline Raman
methodologies.

3. Develop and validate an alternative methodology to correctly detect the presence of the
selected contaminant by implementing TOC technology after cleaning validation, following
the principle of AQbD.

4. Evaluate the optimization of the shelf-life of two drugs in different pharmaceutical forms
through statistical applications, eliminating the presence of CQAs values OOS at the end of

the authorized period.
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1. PHARMACEUTICAL INDUSTRY

This thesis has been developed within the framework of the industrial doctorate plan at Laboratorios
Menarini, S.A (from now on LMSA) with the supervision of the Applied Chemometrics Research
Group from the Universitat Autonoma of Barcelona (from now on GQA-UAB). The industrial
doctorate plan is an initiative of the government of Catalonia managed with the support of the
Agencia de Gestid d’Ajuts Universitaris | de Recerca (from now on AGAUR) and the Consorci de

Serveis Universitaris of Catalunya. This thesis project was approved in 2019 as D1009.

Since 1972 the headquarters of Menarini Spain, one of the 18 manufacturing plants of the Menarini
International Group, has been located in Badalona (Barcelona, Catalonia, Spain), where the
manufacturing plant, the 1+D+i center, and the central offices are located. LMSA, is one of the sites
of the Menarini International Group, managing a plant of more than 11,000 m? for the manufacture
of non-sterile drugs for oral and topical administration in solid (tablets, capsules, and sachets), semi-
solid (cream, emulsion, gel, and ointment), and liquid forms (syrup). It is the only Menarini Group
plant International with the necessary technology for manufacturing oral medicines in sachets,
dispensed in a single dose. At the factory, located in the city of Badalona, more than 500 people have

made possible the manufacture of 58 million units of medicines in 2021.

Menarini Spain comprises the following companies: A. Menarini Latin America, S.L.U (Lima, Peru);
Menarini Consumer Healthcare, S.A.U. (Badalona, Catalonia, Spain); Guidotti Farma, S.L.U
(Badalona, Catalonia, Spain); Retrain, S.A.U. (Badalona, Catalonia, Spain); and Laboratorios
Fermon, S.L.U. (Badalona, Catalonia, Spain).

Currently, the company focuses on cardiovascular and respiratory risk, analgesia, male sexual health,

and the digestive system. Other therapeutic areas such as oncology are recently investigated.

The Quality Unit integrates the departments of Quality Control (from now on QC), and Quality
Assurance (from now on QA), and is responsible for directing the integrated management system as
a fundamental support in all its activities, from I+D+i, through the selection of suppliers, the

environment manufacturing, distribution, and promotion of its products.

The quality of medicines is a fundamental aspect of the Company (“Quality comes first”). This
quality control process begins with the selection of suppliers of SM until the delivery end of
medicines in pharmacies and hospitals, with special attention to the manufacturing process. The
manufacturing plant that Menarini has in Badalona complies with the strictest standards of quality
and is regularly inspected by the Spanish Health Authorities and those of other countries the

marketing of medicines is required.
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As a result of the objectives of continuous improvement, Menarini, for more than 20 years, has
adopted measures to continue improving the quality of its processes and of the medicines it
manufactures and markets. Proof of this is the adoption of improvements based on a greater scientific
knowledge of its medicines and adequate risk management, as well as the adoption of product control
methodologies during its processing, through the introduction of highly innovative and advanced
development techniques involving the NIR and Raman Spectroscopies in the approach of PAT in
collaboration with the GQA-UAB. In 2015, the start of the first industrial doctorate took place
intending to promote the transfer of knowledge between the university and the company.

This change was motivated by two sources:

1. Regulatory authorities, mainly the European Medicines Agency (from now on EMA)! and
the US Food and Drug Administration (from now on FDA)?, emphasize that increasing
efficiency, agility, flexibility, and the quality of the product achieved with the
implementation of this new paradigm is key to ending the problem of drug supply (drug
shortage)®.

2. The new approach should make it possible to obtain high-quality products by reducing
production costs. In addition, it must increase the flexibility of the processes so that they
allow manufacturing different volumes of product and thus supply according to market
demand. The new approach is in line with Industry 4.0, which is characterized by integrating
digital technologies, including intelligent and autonomous systems through the use of the
data generated involving machine learning. These will make it possible to optimize the value

chain, reduce costs and save energy*.

1.1.Manufacture of Pharmaceuticals

The largest volume of LMSA manufacturing is made up of the forms of oral solid medical products

(from now on abbreviated as OSD) for single-dose sachets, tablets, or capsules.

The unit operations involved depend on the type of drug substances and the excipients, specific
material properties assessing processability and meeting the administration requirements. The

general goal is the obtention of a homogeneous blend, avoiding segregation effects®.

Primary OSD manufacturing unit operations for the pharmaceutical products included in this thesis
are detailed in Figure 1. 1. The process begins with the first unit operation adding the SM to the
manufacturing equipment. Formulation products are accurately weighed and dosed into the proper
process container. Then the blending is carried out to obtain a homogeneous distribution of the
components of the formulation. This operation can be performed more than once throughout the

manufacturing process. Depending on the final product characteristic other unit operations could be
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involved. The components are then combined to create granules with suitable characteristics for each
product through the use of granulation and mixing operations. The compression unit operation
creates the final dosage form for the desired tablet product. If it is a question of obtaining a product
in the form of a solid oral tablet, the final step in the OSD manufacturing process is the coating,
where a layer is applied to cover the core previously manufactured by compression®. In the end, the

packaging operations are involved to fill and label the bulk product, achieving the finished product.

OSD in unit-dose sachets by a direct mixture

Dispensing and Dosing Packaging for
preparation of Sieving Blending unit-dose
formulation ingredients Process Feed sachets

OSD in unit-dose sachets by wet granulation

repationof || g . | orying || Dosing || FTHE

formulation Sieving Blending Granulation and Process dose
ingredients Blending Feed sachets

Coating Tablet Manufacturing by wet granulation

Dispensing and Drvin

preparation of . : - rying Tablet Tablet -
formulation Sieving Blending Granulation BI::éjin Compression Coating Packaging
ingredients 9

Figure 1. 1 Primary unit operations included in the manufacture of the studied OSD.

1.2.Product Lifecycle

The lifecycle management process provides a framework for defining the criteria for development

of a procedure that meets the acceptance criteria®.

Any procedure must be shown to be fit for its intended purpose before use including four main stages,
training the implementation across all functions™°, from the purpose specification (defining the
Quality Target Product Profile (from now on QTPP)), through design and development, the process
qualification for the routine use, and the last stage including the on-going satisfactory performance
(see Figure 1. 2):

e QTPP definition as a critical step including the desired properties and characteristics of a

drug product ensuring its safety, efficacy, and quality.
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e Procedure Design and Development: the criticalities of the process and the evaluated product
are defined, including the Critical Process Parameters (from now on CPP), the Critical
Materials Parameters (from now on CMP), and the CQA. The risk assessment could be
involved to evaluate the criticalities. Moreover, the control strategy for the overall process
and each unit operation is stabilized in this stage reducing the input variations and as a result
the output impact’.

e Process Qualification: process design evaluation is performed to ensure the reproducibility
of the manufactured product based on current Good Manufacturing Practice (from now on
cGMP) compliance”®!, divided into two steps facility design and qualification of equipment
and services, and qualification of process performance.

e Procedure Performance Verification: the state of control for the process during commercial
manufacturing is ensured during this stage including the trend analysis for critical procedure
parameters, and deviation management’. During the conduct of the procedure, performance
verification is required continuous improvement to Stage 2. However, the possibility exists
that a redevelopment or redesign is required in some instances necessitating a new Stage 1.

Materials Production and Information QA and QC
Managements Engineering Technologies
A A A A
v v v v
Analytical Operation
Control Strategy u Release l
STAGE 1 STAGE 2 STAGE 3
Procedure P Procedure
QTTP Design and Iric])cices:‘i n Performance
Development CLellieaie Verification
A I
i Continuous | Continuous
mprovement Improvement

Figure 1. 2 Analytical Product Lifecycle.

2. QUALITY CONTROL AND STATISTICS FOR PHARMACEUTICAL
PROCESSES EVALUATION

Before drug consumption, it must be analyzed and approved in verified pharmaceutical laboratories.

QC, in a high-regulated industry, aims to verify the quality of the obtained product to proceed at the

next pharmaceutical unit operation and as a result, release the manufacturing product by the

regulations and specifications required for consumption?2®,
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Each phase requires following the literature established by the countries of authorization and
consumption of the drug. The information and the activity, including failure laboratory or product

results if proceed must be properly registered and identified.

The identification of assignable causes of variations in quality is based on the Statistical Process
Control (from now on SPC) allowing to ensure a degree of uniformity in the manufactured and the

obtention of the minimum industry standards for quality®®.

A process is presented as a system with a set of controllable and uncontrollable inputs (such as
process variables, and SM properties provided by an external supplier or environmental factors,
respectively) with a set of product outputs including measured quality characteristics (see Figure 2.
1).

Controllable
inputs
Measurement
Evaluation
Monitoring
and Control
Input o . -
Critical to Quality Characteristics
»  Process Quality »  Output Product

Uncontrollable
inputs

Figure 2. 1 Product evaluation quality scheme for a production process.
Cause-and-effect analysis, histograms, and scatter analysis such as graphical charts and graphs, can
be included as SPC methods, helping to decode the statistics and data from quality control reports
for an independent variable as a univariate analysis (describing in statistics a type of data based on a

single characteristic or attribute)*®.

Nevertheless, the performance of the process may depend on more than one variable. The
involvement of the univariate SPC includes several limitations, such as limited knowledge of the
process, lack of context due to not considering external factors that may affect it, inability to detect
complex patterns such as non-linear data relationships or interactions between variables, or the

involved reactive approach due to detection of a runaway after the fact.

Hence, this is a traditional approach that assesses the quality of intermediate, bulk, and/or finished
products at the end of a unit operation to reduce risk when moving on to the next. In addition, the

process parameters are defined and fixed with their validation.
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Based on what has been described, it is proposed to move towards a multivariate analysis by
implementing the Multivariate Statistical Process Control (from now on MSPC) as a combination of

advanced process analysis approaches to analyze complex processes®®.

3. ADVANCED PROCESS ANALYTICS

Today’s pharmaceutical manufacturing needs to move forward to an advanced manufacturing
process involving advanced analytical approaches. Hence, transitioning into Industry 3.0 being
enabled to capture, and analyze high amounts of data (including computer and communication
technologies enabling a higher degree of process and equipment automation) to finally transform into
Industry 4.0 (to increase the agility, flexibility, efficiency, and quality of the industrial production

processes* (see Figure 3. 1).

Adaptive
Automated Control
Response Control

What can

Integrated Process-Online happen

Predictive hability

UONOY PUe uoISIoaQ

Why has it

Multivariate SPC happened

L What
Univariate SPC happened

Out of control visualization

Maturity of Statistical Process Control

Figure 3. 1 Process Control evolution.

This new approach requires state-of-art technology in the development of processes including
real-time, inline, and online sensors to generate actionable insight and predictions about process and
unit operations through Quality by Design (QbD) and in the maximization of quality control with the
PAT approach involving risk assessment as an improvement strategy in the different phases of drug

production, to achieve real-time release.

The aim is the design of the quality of the product instead of the evaluation of the final quality of it

at the end of the manufacturing process*.
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The following sections describe the QbD and PAT approaches.

3.1.Quality by Design

QbD is a systematic and iterative approach applied to product development and manufacturing
focused on designing and controlling the product and process to achieve the desired quality®’,
improving process efficiency, increasing regulatory compliance, and reducing time and costs®0:18
This approach includes the steps described in Table 3. 1. the same steps can be adapted to carry out

the AQbD applied to analytical procedures.

Table 3. 1 QbD for Manufacturing Process.

QbD for a Manufacturing Process

Product quality attributes, including the intended use, dosage form, and

QTPP physicochemical characteristics.

Criticalities Identification | CQA for a product, CPP for process, and CMAs for formulation components.
for process development Including if needed risk assessment tools.

Establish the design space where the product can be manufactured meeting

Process Design the quality specifications.

Monitoring plan for the manufacturing process; including a set of control, on
process parameters and attributes, facilities, and equipment operating
conditions, product specifications, and the associated methodologies.

Control Strategy about the
Process

Demonstrate the meeting specifications for the evaluated manufacturing

Process Qualification
process.

Monitoring and improving the product and the process to ensure quality based

Continuous Improvement : - A
P on regulatory requirements (continuous process verification)10189,

As a result, QbD aims to improve the knowledge of the process, being able to build a quality system

based on the past to set future regulatory expectations.

3.2.Process Analytical Technology

The goal of the PAT approach is to improve understanding and control of the manufacturing
processes®. It is a system of tools, techniques, and strategies such as advanced analytical and
statistical methods used to monitor and control product quality in real-time throughout the

manufacturing process.

The PAT development commonly involves a multidisciplinary approach including a combination of

different tools?%:
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e Process analyzers: including univariate sensors able to measure speed, temperature, or
weight, and multivariate techniques such as NIR and Raman Spectroscopies.

e Multivariate tools involving chemometrics to transform the acquired data into information.

e Process control tools for monitoring processes to keep them in the desired state of quality.

e Tools for continuous improvement based on risk assessment.

The set of these tools can be optimally applied to a single unitary operation or the entire

manufacturing process.

As a result, the implementation of the PAT approach allows to reduce of the product cycle time that
involves real-time measurements and the process control system, reducing the drug shortage problem
and the possibility of real-time batch release®.

4. RISK ASSESSMENT IN THE PHARMACEUTICAL INDUSTRY

The Quality Risk Management principles should be applied through all the stages of the analytical
lifecycle. Risk management is a regulatory requirement of good manufacturing practices'?%21.22 that
pharmaceutical companies should include as part of a risk-based approach throughout the product
life cycle to optimize their benefit-risk balance. Quality risk assessment in the pharmaceutical
industry must be based on scientific knowledge of the associated product and linked to patient
protection. In the context of analytical procedures, the pharmaceutical product is the reportable result,
and the risks are evaluated about the impact on their quality.

The risk management process should include the main steps summarized in Figure 4. 1%°. The first
step is the definition of the problem or the related risk question, described as risk identification. Then
the estimation of the associated risk and the hazards are analyzed. The next step includes the risk
evaluation involving risk criteria. Then a decision to accept or reduce the evaluated risk is established
in the risk control step. Finally, the risk review should establish monitoring of the included risks.
Hence, the application of the mentioned procedure interactively and continuously will allow the
evaluation, control, communication, and review of the risks to the quality of medicines and related

processes'?1821,
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Risk Identification |

§ Variable identification ‘ <>

=

8 Risk Analysis | <«->

gf Risk estimation

= S

ad Risk Evaluation <>
Risk Control > <-->

Risk reduction
Risk control measures

A 4

Risk Review

Risk Manaaement
uoneIIUNWWOD sy

v
A
v

Evaluation of risk arising
Risk acceptance

v

Risk Management Report

Figure 4. 1 Quality Risk Management Process Flow.

Different recognized risk management tools can be used®®. The degree of rigor and formality applied
must be a consequence of the complexity and/or criticality of the situation being analyzed,
considering the principles described in the cGMP guide'??'. An overview of risk management tools

involved in this thesis is included in this section.

4.1.1shikawa Diagram

The Cause and Effect, Fishbone or Ishikawa Diagram was created in the 1940s by Kaoru Ishikawa.
This risk management tool is commonly involved to detect and categorize potential causes of a

studied product or quality problems*®.,

It is typically created by drawing a horizontal line representing the problem or issue being
investigated and then drawing several diagonal lines branching off from the central line. See Figure
4.2.
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Cause (C) Effect
' Ca cB‘ ! o
» Problem
CC CD

Figure 4. 2 Cause and Effect general scheme.
These “bones” represent different categories of potential causes (referred to as C), such as processes,
people involved, equipment, or materials. Each bone could then further branch to identify specific
causes within that category. The causes are often identified through brainstorming or root cause
analysis. Once all potential causes have been identified, can be analyzed and prioritized based on

their probability and impact.

The Ishikawa diagram is often used in conjunction with other quality management tools, such as
FMEA.

Detailed information for applications is included in chapter 2.2.2.3., 2.2.3.4., and 3.4.2. in Part I1I.

4.2.Failure Mode Effects Analysis

FMEA is a systematic approach used to detect and evaluate possible failure modes and their effects
on a product or process. The general scope of an FMEA includes establishing and preventing failures

before they occur or mitigating their impact if they do occurt®?,

FMEA involves several critical steps summarizes as the description of the process flow to be
analyzed by specifying its sequence, the identification of the potential failure modes, the
determination of their effects, and the evaluation of the severity of their effects, the probability of
appearance of failures, and detectability of those effects. As a result, the risk priority number (from
now on RPN) is calculated for each evaluated cause, as the product of the severity, the probability of
appearance, and the probability of detection, which is used to prioritize which failures to address
first. Based on the calculated value, corrective measures must be identified and implemented to

eliminate the risk or reduce its level to limits considered acceptable?24,

Detailed information for applications is included in chapter 1.2.3.1., and 4.2.1 in Part Il1.
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1. ANALYTICAL TECHNIQUES

Analytical chemistry as a fundamental part of the pharmaceutical industry provides quality and safety
in the drug development process®.

Recently the monographs for product analysis include a variety of analytical methods. Univariate
and multivariate analytical techniques are involved such as High-Performance Liquid
Chromatography (from now on HPLC)? Infrared Spectroscopy (from now on IR)3 TOC* NIR

Spectroscopy®, and Raman Spectroscopy?®.

The following chapters describe the fundamentals and main applications in the pharmaceutical

industry for the selected analytical techniques.

1.1.Near-Infrared Spectroscopy

NIR spectroscopy was discovered by William Herschel, who in 1800 first demonstrated the existence
of the IR radiation, by examining the behaviour of the spectrum of solar radiation due to the heating
effect. Despite this, it was not until the 1970s that Karl H. Norris involved the NIR spectroscopy in
food analysis. During the 1900s, the first publications were born that reflected the high applicability

of the technique’.

Recently, the applications of NIR spectroscopy have increased due to its advantages over
conventional analytical techniques. The spectra can be recorded for solid and liquid samples due to
their low absorption coefficient, with no prior sample manipulation, providing spectra quickly, and
predicting simultaneously physical and chemical parameters of the product of interest in a fast,
non-destructive, or invasive way. Furthermore, it is environmentally friendly since it does not require
the use of reagents. Added to these properties is the possibility of using the technique in atline, inline,

online, or offline mode.

Nowadays NIR spectroscopy, involving the use of chemometrics as a tool for the mathematical and
statistical treatment of the obtained data, is being used in different fields for routine control analyses

including the pharmaceutical sector.

The results obtained with the NIR technique are comparable, even higher, in terms of accuracy
concerning the conventional analytical techniques since the preparation of the sample to be analyzed
is not required’. It should be noted the low sensitivity of the spectroscopic technique, compared to
conventional techniques, when substances with significantly low content are determined (less than
0.1% (p/p))2. In addition, obtaining a NIR procedure capable of accurately, precisely, and robustly
determining the parameter of interest requires the incorporation of a large set of samples to include

the variability associated with the product of interest’.
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1.1.1. Fundamentals and Instrumentation of NIR Spectroscopy

The IR of the electromagnetic spectrum can be divided into three zones: NIR 780-2500 nm, mean
infrared (from now on MIR) 2500-4.10* nm, and far infrared (from now on FIR) 4.10%-10° nm.

NIR spectrum is a result of overtones (transitions between the fundamental vibrational state v= 0 and
higher excited states v= % 2, + 3, etc.), and combinations of fundamental vibration bands (appear
between 1900-2500 nm, and are produced on polyatomic molecules, where the interaction between
the vibrational modes takes place simultaneously causing energy changes) appearing typically as

broad and overlapped bands®.

Absorption occurs when a molecule experiences a net change in the dipole moment as it rotates or
vibrates. Hence, the interaction between the electric field and the molecule occurs. The transfer of
energy causes the increase of the dipole moment and consequently, the absorption of the radiation
takes place if an equivalence is produced between the molecular frequencies of radiation and
vibration/rotation. Variations can be made in the length or in the angle of the links (stretching or
blending, respectively) due to the aforementioned vibrations®.

The dipole moment of a bond is related mainly to the difference in charge between the atoms that are
involved and the distance between the atoms that form the bond. For this reason,
hydrogen-containing bonds appear as the principal absorption bands in the NIR spectrum, O-H, C-H,
N-H, and S-H groups. However, non-existent or weak bands are observed for the C=0, C-C, and
C-CI bonds. Moreover, the homonuclear species, such as N2, O, or H; not absorbed in the NIR

region”°10,

The harmonic oscillator model describes molecular vibrations (Hook’s law), where the
characteristics of the vibration are close to those that would follow two masses joined by a spring. In
the equilibrium position of the masses, the associated potential energy is zero, however, the
modification of the distance between the masses increases the potential energy (see Equation 1. 1).
The only transitions capable of causing a change in the dipole moment are those produced between

consecutive energy levels, Av= 1 (see Equation 1. 2 and Figure 1. 3).
1
Ev = (v + E) hw

h:%; where h is the Plank constant.
v: vibrational state (Av=+1).

wz\/%; where k is the constant force and m the bonding atoms mass.

Equation 1. 1.
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AEv=AEe=hv

Ev: vibrational energy.
Ee: emitted energy.
v: fundamental vibrational frequency.

Equation 1. 2.
However, the behavior of real molecules cannot be explained by this oscillator, since it does not
consider Coulomb repulsion between atoms or bond dissociation. For this reason, NIR absorption is
based on the premise that the behavior of molecules is based on the quantum mechanical model of
an anharmonic oscillator (see Equation 1. 2 and Figure 1. 3). Even though the molecule in both
models has the same behavior in the equilibrium position, the transitions could appear at higher

vibrational levels, due to the energy difference between consecutive vibrational levels being less as

they increase (Av= %1, £2, 3)"%1,
AEv = hv[1-(2u+Av+1) X]
X: anharmonicity constant

Equation 1. 3.
Anharmonic Oscillator

Dissociation

Potential Energy

v=3
v=2

14/

v

Interatomic distance

Figure 1. 3 Graphical representation for the harmonic and anharmonic oscillator.
The structure of a NIR spectrometer almost universally includes a tungsten halogen lamp with a
quartz window that emits a constant and stable polychromatic light through the NIR region into a
wavelength selector. An alternative to obtaining a restricted range of absorption is the Light Emitting
Diodes. Inside it, a diffraction red converts this polychromatic light into discrete values of

wavelengths. Different wavelength selectors are available depending on the final application®*:
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o Dispersive instrument: red monochromators (spectral scanning that refracts the light at
different angles based on the wavelength), or polychromators (simultaneous wavelength
detection with different channels).

e Non-dispersive instrument: filters (allowing the selection of a part of the spectrum),
Acusto-Optic Tunable Filters (selects the wavelength based on radio frequency signals), or
Fourier Transform (from now on FT) (modulates the radiation allowing simultaneously the

codification of the wavelengths and the measurement of these).

When the light goes out from the wavelength selector, the light goes through a sample holder where
it is reflected or goes into the sample and then goes to the detector. Commonly used detectors in NIR
spectral region use dispositive composed of semiconductors such as photodiodes (Si, Ge, and
InGaAs) or photoconductors (PbSe, InAs, and InSh)’.

The adequacy of the spectral measurement is conditioned by the physical characteristics of the
sample. Acquisition modes include reflectance, transmittance, and transflectance®* (see Figure 1. 4).

During this study, the reflectance mode was used.

In transmittance (from now on abbreviated as T) mode (for gas, liquid, semi-liquids, and solids,
commonly for transparent samples), the incident beam (l,) crosses the sample and arrives at the
detector where the absorbance (A) is calculated by Lambert-Beer law (see Equation 1. 4)'2; which is
the fraction of radiation beam that is not absorbed by the sample (ltansmitted).

A=1logt=1 fo

= log - = log
T Itransmitted
Equation 1. 4.

In reflectance mode (for solids and semisolids), the beam is reflected in the sample in two
components: speculate and diffuse light. The second one is a result of the dispersion of the radiation
in all directions. The last one interacts with the sample and it’s detected (Iscatered) aNd expressed in

apparent absorbance (Aap) (see Equation 1. 5)2,

Iscattered

1
Aap=log§=log =a *c

Ireflectance

a’: the proportionality constant.
c: the concentration of absorbent analytes.
Ireflectance: the reference reflectance.

R: the relative reflectance.

Equation 1. 5.
Finally, in transflectance mode (for liquids and semi-liquids, for emulsions and turbid liquids
commonly), the beam crosses the sample and is reflected in a reflector that is in contact with the

sample and arrives at the detector (lrefiectance).
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Transflectance Detector

Sample ina Reflector
Sample holder Mirror for
Transflectance
| reflectance
Radiation Source

I Monochromator o e— ltransmitted
- 5 (wavelength — il —> R
selector) et

Iscattred Transmittance Detector

Diffuse Reflectance Detector

Figure 1. 4 General scheme of different acquisition modes for a NIRS.

1.1.2. Regulatory Environment in the Pharmaceutical Industry of NIR
Spectroscopy

The CQA analysis in the pharmaceutical industry applied to SM* |, intermediates, and finished
products®*, are recently performed by the NIR method. Moreover, the advantages of this

methodology encourage industries to move forward to a real process monitoring®.
In this context, the specific guidelines published are detailed:

e Guidance for Industry PAT- A Framework for Innovative Pharmaceutical Development,
Manufacturing, and Quality Assurance by the FDA regulation authority (September 2004)2°.

e Guideline on the use of Near Infrared Spectroscopy by the Pharmaceutical Industry and the
Data Requirements for New Submission and Variations by the EMA (June 2014)*7.

e Addendum to EMA/CHMP/CVMP/QWP/17760/2009 Rev 2: Defining the Scope of an NIRS
Procedure by the EMA (June 2014)*,

e Development and Submission of Near Infrared Analytical Procedures by the FDA regulation
authority (August 2021)*°.

1.2.Raman Spectroscopy

In 1928, Raman and Krishnan empirically discovered a new scattering effect called Raman scattering
publishing an article in the journal Nature®. Inspired by the work done by Rayleigh, they carried out
an experiment in which they demonstrated that the blue color of the sea was not a reflection of the
blue sky, but that this color came from the scattering of sunlight by the interaction with water

molecules.
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In the 1930s and 1940s, the Raman technique was initially experimentally tested. The advances in
instrumentation and the advantages that this technigque presents over other conventional techniques,
among them its versatility, since it can be used in opaque and coloured samples, also translucent and
transparent, for semi-solid and solid liquids; the non-invasive analysis of the samples and the absence
of a reference light path because it is defined with a scattering effect, have favoured its expansion in

the pharmaceutical industry.
Raman considered as a complementary NIR technique is regulated by the same guidelines.

Some key applications of Raman spectroscopy include the determination of polymorphs?, quality
control?2, process control?, product authentication?®, as well as the control of the useful life of a
product?,

1.2.1. Fundamentals and Instrumentation of Raman Spectroscopy

Chemically bonded ions and atoms are submitted to constant rotational and vibrational motions.
These oscillations are carried out at certain frequencies that vary according to the dynamic behaviour
of the bonds, and the molecular mass of the particles involved in them. The value of molecular energy

will be associated with each of the movements of the molecule (vibrational and rotational).

The incident radiation on the oscillating dipoles induced in the molecule produces electromagnetic
radiation that describes the light scattering phenomena. The external electric field induces the
deformation of the electron cloud of the molecule (molecular polarizability) causing an induced

dipole moment?’,

The laser light at a specific wavelength interacts with molecules with monochromatic radiation,

causing the absorption of energy by the electrons, and modifying their vibrational state.

The electron tends to return to its initial vibrational state, releasing the absorbed energy in the form

of photons.

If the amount of energy absorbed is equal to the energy emitted, the electron returns to the same

vibrational state involving an elastic scattering (Scattering or Rayleigh effect).

The 1% of the scattering has different characteristics being inelastic (Raman scattering). This 1%
finds the information about the molecule of interest, providing a unique molecular fingerprint for
each one. This phenomenon takes place when the energy absorbed is different from the energy
emitted by the photon and as a consequence the frequency of the photon, thus returning to a different
vibrational state from the initial one. Considering the premise that the frequency variations observed
in the Raman scattering phenomenon are equivalent to energy variations (E= hv, where h is the Plank

constant).
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In this case, there are two possible scenarios (see Figure 1. 5):

e The absorbed frequency is higher than the emitted one, the electron absorbs energy and
returns to a higher vibrational state (v=m) than the initial one (v=0), emitting fewer photons
than it has absorbed, remaining with excess energy (Stokes Raman Scattering).

e Theelectron in its initial state is already excited, starting from a higher vibrational state than
the fundamental (v=m). When it comes off the energy returns to its ground state (v=0) so it
emits more photons. In this case, the absorbed frequency is less than the emitted

(Anti-Stokes Raman Scattering). Being the less common.

Rayleigh
Scattering

Anti-Stokes Stokes
Raman hv) hv( Raman
£ Scatterin
Scattering v=m g
3 =0
Energy hvo hv0+hvm hv) hv0-hvm
ol v=m v=m
v=0 v=0
Intensity
0 +

Wavenumbers (cm™)

Figure 1. 5 Raman and Rayleigh scattering.
Based on the Maxwell-Boltzmann law of energy distribution, at room temperature, 1% of the
molecules are in a vibrational state other than the lowest energy, and therefore, the probability that
energy transfers that give rise to dispersion occur Raman Stokes is much larger than that of the
Raman Anti-Stokes scattering. This difference in intensity means that work is usually done by

measuring only the Stoke dispersion effect, showing the positive part of the abscissa axis.

Raman spectrometers contain a laser light source, focusing optics, and spectrograph(s) including

scattering elements and a detector to capture the light?.

Excitation in the UV, visible, and the NIR regions are available with different laser sources
(commonly 785, 1064 nm, and 830 nm exceptionally)?. The working range could be presented from
20 to 4000 cm,

The equipment involved in the experimental part is based on transmission Raman spectroscopy. The
transmission mode is based on collecting the signal at the opposite of the laser illumination (scheme

shown in Figure 1. 6). The laser travels through the entire sample due to the lack of light absorption.
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If there is some fraction of the light achieving the detector without interaction with the tablet it causes

a distortion in the spectra and model as it includes information not related to the sample.

Monochromatic Light Source

Sample Measurement Space

v Laser & Signal Collection

Figure 1. 6 Scheme for the transmission Raman spectroscopy.
The equipment provides a quick analysis of 30 seconds to 1 minute, commonly. The size of the
illumination spot is possible in 2, 4, or 8 mm depending on the size of the sample to be analyzed.
The power of the laser corresponds to 650 mW and the wavelength for it is 830 nm, allowing a
balance between the sample signal and the fluorescence noise. The resolution of the spectrum is less
than 8 cm™.

1.3.Total Organic Carbon

TOC is defined as a hon-product-specific technique. Hence, it allows to determine the total amount
of organic carbon present in a sample but does not allow to determine the amount present of specific
compounds. The most common way of applying the TOC method is to assume that all residues
detected are to the target residue. For the use of TOC, the target residue must have adequate aqueous

solubility as this is considered the optimal matrix %°.

A short analysis of the sample, the low consumption of reagents during the analysis, and precise and
independent quantification of the sample against the working matrix are advantages of the TOC

analysis compared to other conventional techniques (i.e. HPLC).

1.3.1. Fundamentals and Instrumentation of TOC

TOC was introduced in the industry during the 90s by the included chapters at the

pharmacopoeias**°.

Generally, TOC technology is based on the oxidation of organic molecules with UV light or by
adding small volumes of a chemical oxidation solution. As a result, the measurement of the CO,

generated is carried out ®,
The analyzer can be divided into the following main blocks:
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e Sample injection system: online and offline measurements.
e Chemical reagent system: acid and oxidant reagents.
e UV-visible system: ultraviolet light for sample oxidation.

o CO2 measurement system: transfer module for CO- separation.

For a pharmaceutical-grade TOC analyzer, once the sample is introduced into the analyzer (online
or offline), the sample is acidified using a phosphoric solution (H3PO4 6 M) at a specific flow rate to
reduce the sample's pH to a value of approximately 2, guaranteeing the precision of the values to be
obtained. The sample is then divided into two separate but equal flow streams. One flow will be used
for the determination of inorganic carbon (hereinafter IC), and the other for the determination of total
carbon (hereinafter TC)%,

The TC flow is exposed to ultraviolet light (185 and 254 nm) to oxidize it. If necessary, depending
on the concentration of the target sample, full oxidation is achieved with the addition of a persulfate
solution. In this way, the carbon present in the sample is converted into CO; following the equations
below, from Equation 1. 6 to Equation 1. 9. It should be noted that the samples that do not require
the addition of persulfate are those with a concentration lower than 1 ppm, obtaining total oxidation

using only the hydroxyl radicals produced during the photolysis of water.
H,O+hv (185 nm) = OH- + H- Equation 1. 6.
S,0g2 +hv (254 nm) = 2S04~ Equation 1. 7.
SO, + H,O - SOy + OH- Equation 1. 8.
Organic compounds + OH- > CO; + H,O Equation 1. 9.

Complete oxidation is key in the measurement process. If the measurement of the TOC value is
carried out when the oxidation is not complete, the presence of inorganic acids generated as
intermediate species during the oxidation to CO, may increase the conductivity value obtained, which

can give rise to high TOC values (obtaining thus false positives).

Then the CO; separation for both streams takes place via the transfer module. This is a
conductometric design based on CO»-selective membrane technology from the rest of the compounds

that interfere in the sample. This technology is patented by SUEZ.

The membrane allows the sample to be separated from the analyzer on the deionized waterside, a
closed circuit that contains two conductivity cells (one for each separated flow, TC and IC). This
membrane allows CO, from the sample to selectively pass through the membrane into the deionized
water. Interfering compounds and other oxidation by-products are retained on the sample side. So,
after the reaction of CO, with water, carbonic acid is produced. This dissociates into hydrogen ions

and bicarbonate ions that are collected in the measurement cells (see Equation 1. 10).
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CO, + H,O < H,CO3 < H* + HCO3 Equation 1. 10.

The ion exchange resin is responsible for the removal of HCOj3 and other ions. The concentration of
TC and IC is determined by the conductivity resulting from the measurement of the CO; present in
the TC and IC flows, respectively. The TOC value is calculated as an indirect measurement of the

difference between TC and IC (see Equation 1. 11)%, which is commonly reported in parts per billion.

TOC =TC - IC Equation 1. 11.

1.3.2. Regulatory Environment and Applications in the Pharmaceutical
Industry of TOC

FDA reported four CQAs for water injection and purified water including inorganic and organic
contaminants, endotoxins, and microbial. The control of these four parameters ensures the purity of

the water used in all manufacturing areas.

There has been an increasing importance of TOC in detecting possible contaminants in water since
the publication of 2.2.44. Ph. Eur. TOC Chapter on 2016 “.

Pharmacopoeias describe TOC determinations at different water purities (Ph. Eur, USP, and
Japanese). The involved procedures for qualifying the methodology used to analyze TOC and the
interpretation of the results are described. The instrument must be properly calibrated and verified.

The system’s suitability has to be confirmed.

Hence, TOC analysis allows to obtain information on the degree of process control by detecting

chemical compounds in water systems and process equipment 3,

1.4.Instrument Validation

Compliance with regulatory agencies must be ensured through the validation process for the use of

the different analytical techniques in the pharmaceutical industry.

In addition to the correct validation of the model to be used (see more information in chapter 2. of

PART II), validation of the software and the instrument must be carried out.

1.4.1. Software Validation

The involved software must be GMP compliant, considering the FDA 21 CFR Part 1134 and the EU
Annex 11 GMP*,

It consists of objective evidence that the software specifications meet the intended objective over

time. As a result, the reliability of the system is increasingly favouring the integrity of the data.
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1.4.2. Instrument Qualification

Three main stages are included during the validation process of the instrument being good for
practice compliant: the installation qualification (from now on abbreviated as 1Q), the operation
qualification (from now on abbreviated as OQ), and the performance qualification (from now on
abbreviated as PQ). Descriptions are included in Table 1. 1 (USP 1058%, FDA Quality System
Regulation 21 CFR part 11%*, Annex 15 GMP?'),

Table 1. 1 Stage for the instrument validation process.

Stage Definition

Regarding the installation of hardware and software. Documentary evidence about its
IQ | installation complying with the supplier's specifications and the security criteria in the
established place.

Documentary evidence about the applicability of the system to the intended purpose.
OQ | The correct operation of the equipment according to requirements.
The data backup and user management are included.

Documentary evidence about the operating parameters for real operation, verifying
PQ | process stability over time.
Test equipment, including limits and calibration, is included.
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2. CHEMOMETRICS

The chemical discipline that involves the treatment of data extracted from chemical processes
through the use of statistics and mathematics is chemometrics?. Likewise, the interaction of
electronics and computing science with chemometrics, including analyst participation in decision-

making, allows the success of the studies (see Figure 2. 2).

Mathematics

Electronics . Statistics
Chemometrics

Computing Science

Figure 2. 2 Schematic representation of the interaction of chemometrics with other disciplines.
Chemometrics is involved as a statistical tool to establish a relationship between the studied samples
and the predicted factors. As a result, improve the performance of the process and ensure the quality

of the results, facilitating its interpretation, and justifying the conclusions.

The development of chemometrics was late due to the slow evolution of the instrumentation used. In
the 1960s the development of new instrumentation was promoted. However, the extraction and
treatment of the data were done manually. It was between the 1980s and 1990s, when, due to the
popularization of the microcomputer, this discipline became more important. Appearing then the first
specialized research journals in chemometrics: Chemometrics and Intelligent Laboratory Systems
(1986) and Journal of Chemometrics (1987)3.

The data is organized in the form of an object-variable matrix (rows and columns, respectively).
Objects referred to experimental units to which variables are attributed {continuous numerical
(countable number of values) or discontinuous (infinite humber of values) or categorical} that

describe their properties.

The study of the object-variable matrix is carried out following descriptive statistics, which provide

a concise summary of the data, summarizing the data in numerical or graphical form, and inductive
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statistics, which describe and make inferences about the population, demonstrate associations, and

allow comparisons between observed characteristics.

The following sections describe the statistics commonly used during the application of
chemometrics, as well as the mathematical pre-treatments involved and the models for the

classification and quantification of the data.

2.1.Statistics Used in Chemometrics

2.1.1. Significance Tests

Significance tests are carried out to estimate the degree of difference between the results of the
proposed analytical method and the real value, that is, the quantitative expression of random error,

variations explained by chance that is inherently involved in each research process®>.

2.1.1.1.Paired t-tests

The paired t-test is applied to evaluate the difference between analyzed n paired samples (X1, y1 t0 Xn,
yn), containing the same number of samples each since it is known that could be significant variability
between paired samples®, following Equation 2 1. Moreover, the difference between the samples is

unknown, hence the two-side test is selected.

zr—d_"”/E

Sa

d: difference values between the paired values.
sq- standard deviation for the difference values between the paired values.
n= total number of samples.

n-1: degrees of freedom.
Equation 2 1.
The criterion is evaluated as follows: if the t-calculated is greater than the t tabulated, the null
hypothesis is rejected (x,=Yyn) concluding in a positive bias from a method error with significantly
different results between methods (xn#yn)®. Moreover, the probability is evaluated at a significant
coefficient of 0=0.05. Hence, if the evaluated probability is lower than the stipulated value the result

is concluded as significant.

2.1.1.2.F-tests

The statistical F-test is applied to compare two variances following Equation 2 2, being the quotient

between the highest and the lowest variance®.
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s2/s2: squares of the standard deviation for each evaluated value.

n,; — 1;n, — 1: degrees of freedom for the numerator and denominator, respectively.

Equation 2 2.
The null hypothesis is defined as Ho: s? = s, and the alternative hypothesis is defined oppositely, Hi: s? #

sZ. The null hypothesis is accepted if the calculated F is lower than the tabulated F3.

2.1.1.3.Analysis of Variance

The analysis of variance (from now on ANOVA) is a statistical tool that allows the comparison
between several samples means to establish if they are all the same (accepting the null hypothesis)

or if at least one of them is different from the others (alternative hypothesis)®.
To apply the ANOVA test, these three criteria must be met®:

e Independence: there should be no correlation between data series.

¢ Normality: the data distribution should be normal. Continuous distribution where the centre
of the data is the average of these and the dispersion of them is explained by their standard
deviation.

¢ Homogeneity: the variances of the data sets must be equal.

In addition, it is necessary to have at least one independent categorical variable, one-way ANOVA,
(if there are two, defined as two-way ANOVA), and one continuous dependent variable.

See chapter 5.1.1.1. from Part 111 to see the related statistics.

2.2.Data Pre-treatment

Data pre-processing to remove noise or irrelevant information such as light scatter, baseline drift,

background effects, or interferences®%8, See Figure 2. 3.
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Mean-center

Variable-by-variable Multiple Scatter
Column direction _ Correction
Scaling
Standard_ Normal
Data pre-processing Scatter correction variate
methods

Normalization
Sample-by-sample

Row direction Baseline

correction

Derivative methods Savitzky-Golay

Figure 2. 3 Classification of data pre-processing.

Continuous dependent variables, applied in the row direction:

60

Smoothing: probably the most common filter for eliminating spectral noise. It is based on
the interpolation in small windows of a polynomial of a determined degree following the
Savitzky-Golay (from now on abbreviated as S-G) methodology.
Standard Normal Variate (from now on SNV): this pre-processing removes additive effects,
the ones which add one constant magnitude to all the spectrum regarding to physical effect
due to the particle size, roughness, shape, defined as scattering. It is applied to every single
row without the modification of the spectral shape. For a given data matrix containing M
spectra measured at N wavelengths the mathematical interpretation for each new pre-treated
follows the Equation 2 3. See Figure 2. 4.

(2, — mean (%)
C std(xm)

~

Xm

Equation 2 3.

Raw spectra SNV spectra

1200 1400 1600 1800 2000 2200 2400 1200 1400 1600 1800 2000 2200 2400

Figure 2. 4 SNV pre-processing.
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Multiplicative Scatter Correction (from now on MSC): this pre-processing removes constant
effects in one spectrum based on scattering changing mainly the shape of the spectra. A
reference spectrum is needed, being the mean, the median, or an external spectrum.
Multiplicative effects are the ones adding a linear increasing magnitude with the
wavelengths, which could be different for each spectrum, as a result of physical effects due
to particle size, roughness, or shape, referred to as scattering. For a given data matrix (X)
with M spectra measured at N wavelengths, for every spectrum the regression of xm over the
reference Xer, calculating the slope and the offset. Then each spectrum is corrected

(%) following Equation 2 4°. See Figure 2. 5.
o _ (xm —offset)

Xm = slope

Equation 2 4.

Raw spectra MSC spectra

0.8
0.7 |
0.6 |
0.5
0.4 |
0.3}
0.2

0.1

D L i ‘ - ‘ i . . 4 0 L . . . i i . - 4
1200 1400 1600 1800 2000 2200 2400 1200 1400 1600 1800 2000 2200 2400

Figure 2. 5 MSC pre-processing.
Derivatives (S-G methodology): this pre-processing allows noise minimization and spectra
transformation. The optimization of three parameters is needed to achieve the optimum
results, including the window size for the smoothing step, the polynomial degree, and the

derivative degree to enlarge spectra differences®. See Figure 2. 6.
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Figure 2. 6 Derivative pre-processing.

e Baseline correction: this processing allows the elimination of baseline offsets from data. Two
possible methodologies are referred to: weighted skewed least squares involve an iterative
approach determining the most probable points because of the baseline alone, iteratively
fitting a baseline to each spectrum. The automatic Whittaker filter involves a piecewise

method to remove data baseline offsets.

Continuous independent variables are applied in the column direction. They are used as
normalization methods or together with normalization depending on the magnitude and the noise,

including mean-center (Equation 2 5), scaling (Equation 2 6), and autoscaling (Equation 2 7)°.

Equation 2 5.
- X
x. =
Lostd (x)
Equation 2 6.
s X X
x. =
Lostd (x)
Equation 2 7.

2.3.Pattern Recognition Methods

Pattern recognition methods as a critical part of chemometrics describing qualitative data analysis.

Most of the methods are based on the organization of several objects into groups according to

similarities and mathematically expresses as correlation or distance calculations:

62



PART II-DATA COLLECTION TOOLS AND MULTIVARIATE ANALYSIS TECHNIQUES _

e Correlation: based on the calculation of the correlation coefficient between two samples. It
ranges between -1 and 1. The value of 1 indicates that there is a complete agreement between
samples.

e Distances: expresses through a calculation of distances how different a sample is from
another or a specific point in the workspace (see Equation 2 8).

D?a8= (Xa-Xg)" -1 - (Xa-Xg)
Equation 2 8.

Being Y the dispersion matrix of the data. Depending on the value of this matrix, two types
of distance are explained:
= Y1=1; Distance defined as Euclidean distance. All groups have a spherical distance
and there is no correlation between the variables.
= Sl=inverse of the variance-covariance matrix; Distance defined as Mahalanobis
distance (from now on MD). All groups have an ellipsoidal-shaped distance.

To establish the selection criteria of the statistical tools, it is necessary to previously choose whether
the existence of specific categories or groups for the included objects is known (supervised pattern
recognition methods) or if, on the contrary, the category membership is unknown (unsupervised

pattern recognition methods)*®. See Figure 2. 7.

Unsupervised PCA

Pattern
Recognition
Methods

Discriminant method
PLS-LDA
Supervised )

Class modeling method
Spectral Library

Ne—

Figure 2. 7 Pattern Recognition Methods used in this thesis.

The discriminating method is referred to as multiclass classifiers where classes are modelled
together, and a specific boundary between classes is determined. All data space is predicted. Class
modeling methods are referred to as one-class classifiers: each class is modelled independently; a

boundary around each class is determined separately. See Figure 2. 8.
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Figure 2. 8 Left) discriminant method, right) class modeling.

2.3.1. Descriptive Unsupervised Methods

The following chapter describes the unsupervised methods involved in this thesis.

2.3.1.1.Exploratory Analysis. Principal Component Analysis

Data exploration techniques are used to reveal the information contained.

Through PCA, new coordinate axes or principal components are established, as a linear combination
of the original variables included, to show the spatial directions that offer the best view of the data.
In this way, it is possible to explain relationships between the objects (n) and the variables (m)
included in the data matrix. This information allows us to understand the factors that cause the inner
relationship?367:10,

PCA analysis is a data exploration technigue and therefore the components are searched ignoring the

presence of possible categories.
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For a total of m initial variables, it is possible to generate m components, one by one, making the
variance explained by each one a maximum of information, maintaining orthogonality between them,
and passing through the centre of the variable space (see Figure 2. 9). The main objective is to
simplify and reduce the number of initial variables of the original dataset, preserving the maximum

of information (p<m). Then each sample is plotted in the new p-components space?369,

Variable 3

/ Varia;ble 2/
Figure 2. 9 Principal Components projection.

The first component (from now on abbreviated as PC1) will explain a given variance. The variability

that is not explained by it will be divided into two, the variance explained (sum of squares of the

distance of the points to the centroid of the component, divided by the number of points, figure

dashed line) by the following component, and the residual variance (sum of squares of the distance

of the points to the model, divided by the number of points, line of points perpendicular to the vector).
Based on MD?36.7.10,

As a result, the PCA mathematical interpretation is shown in Equation 2 9%,

variables

samples
X
1
+
+
m

X=tapa"+top2"+.. . typy+E

E: the amount of residual variance.
p: loading, describing the relationship between variables.
t: scores, describing the relationship between samples.
X: data matrix.

y: number of factors.

Equation 2 9.
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The variance explained by the model (referred to as A) constituted by these new vectors indicates the
percentage of information contained in the model concerning the total information found in the data
matrix, referred to as the cumulative explained variance for the first components (referred to as k)3.
See Equation 2 10.

Yp=1p

x100%
Yp=1p

Equation 2 10.
The relation within the sample with the new axes is referred to as the scores, defined as the distance
of the projected sample to the centre of the new axes, and to the loadings, defined as the relationship
between the old variables included in the data matrix and the new axes, the principal components.

2.3.1.1.1. Outlier Detection. Q and T2 Statistics

Any observation not fitted to the model can be defined as an outlier.
Three kinds of outliers can be described®:

e X-sample outlier.
e Y-sample outlier.

e X-variable outlier, referred to the property of the sample.
Different statistics can be involved in outlier detection.

Q residual is a measure of the size of the part of each sample not explained by the model. Hence, one
Q value as a scalar is obtained for each sample. As a result, small Q residual means that the specified

sample is well explained by the model, and the opposite for large Q residuals?.

Hotelling’s T? is the magnitude of the variation of each sample concerning the centre of the model.
Hence, one T2 value as a scalar is obtained for each sample. As a result, a small T2 value means that
the specified sample is close to the centre of the data (assuming that Q is not large), and the opposite

for large T2 residuals?.

As aresult, outlier samples can have a large influence on the PCA model. Hence, to check for outliers
have to consider stray samples on the scores plot, and samples with very high Q, T2, or both

parameters.

2.3.2. Predictive Supervised Methods

The following chapter describes the supervised methods involved in this thesis.
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2.3.2.1.Spectral Libraries

Different library levels are distinguished including the main library and the sub-libraries to
unequivocally identify and qualify all the groups included. The number of sub-libraries is not

limited'12,

For those materials which cannot be identified in sub-libraries can be assigned to specific classes if

the class identity is enough.

The threshold value for each included group is selected. Moreover, the confidence level is selected
commonly <95%. If the confidence level is set to 95%, then 5% of the total spectra will be identified

as outliers™.

Two different algorithms can be involved to develop the spectral library analysis based on Euclidean
distance: the standard, where the spectral distance (from now on abbreviated as D) between test and
calibration spectra is proportional to the area generated by them (see Equation 2 11), and the
factorization methods, in which the spectra are presented as a linear combination of orthogonal
factors (see Equation 2 12). The comparison between the test spectrum with the calibration is referred
to as the spectral distance (the smaller the spectral distance, the more the spectra coincide).

D= | (@m - bm)?

a: test spectrum.
b: calibration spectrum.

n: all included spectra.

Equation 2 11.
a=Tia- fi+ Toa - fot Tia - i

f: loadings as a factor spectrum.
T: scores coefficients.

Equation 2 12.

2.3.2.2.PLS-DA

The Partial Least Square Discriminant Analysis (from now on PLS-DA) is a discriminant method

based on the PLS regression algorithm (which is described in chapter 2.4.1. of Part I1).

PLS-DA aims to determine the category for a new observation as a linear regression between (the

initial data matrix, for the predictor variables) and Y (the evaluated data matrix, for the predicted
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variables). Is the application of PLS2 (multi-response) but instead of a quantitative response, a
dummy matrix (transform the class vector in a matrix of zeros and ones) is described as a response

that represents the | class membership? (see Figure 2. 10).

Class vector (Ix1) Dummy matrix (IXG)
A 1000...0
B 0100...0
—_—
C 0010...0
D 0001...0
G 0000...1

Figure 2. 10 Dummy matrix for PLS-DA.
2.3.2.3.Validation of a Classification Model

The validation of a classification model consists of establishing its recognition and prediction
capabilities, as well as its stability and robustness?®.

The confusion matrix, defined as a square matrix with the dimensions of the number of categories,
includes all the classification indices. Based on the defined matrix, the classification performance is
evaluated. The recognition ability or the non-error rate (from now on NER) is evaluated as the
percentage of objects in the training set that is correctly classified, considered the total included

objects 314,

For the evaluation of the predictive capacity, the definition of an evaluation set is required, being
objects whose belonging to the established groups or categories is known, but which are not included
in the development data set. Predictability is the percentage of objects in the evaluation set correctly

classified.

Finally, a model is stable if the removal of an object or its substitution does not change its recognition

and prediction capabilities.

For binary classifications, only two classes are considered referred to as positive (from now on P) or

negatives (from now on N). Hence, possible results are defined:*

e True positive (from now on TP): objects correctly classified as positives.
e True negative (from now on TN): objects correctly classified as negatives.
o False positive (from now on FP): object assigned as N and classified as P.

o False negative (from now on FN): object assigned as P and classified as N.
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Specificity, sensitivity or true positive rate (from now on TPR), and precision or positive predictive
value (from now on PPV) for the calculated binary model are mathematically calculated (see Equation

2 13, Equation 2 14, and Equation 2 15, respectively)4, resulting in values between 0 and 1.

TN
Specificity = m

Equation 2 13.

Sensitivity /TPR = TP+ FN

Equation 2 14.

Precision/PPV =

TP + FP

Equation 2 15.

2.4.Quantification Tools

This chapter explains the theoretical background of a multivariate calibration technique.

The determination of a property Y of a data set from the set of measured parameters X is the goal of
all quantitative analytical methods, which involve calibration and analysis of the data set Y to find
its prediction. Initially, in the calibration stage, the correlation between X and Y is established. After
making the calibration model for the measured parameters of X, the determination of the property of
system Y of an unknown sample takes place®. See Figure 2. 11.

X-DATA (1) + Y-DATA (1) ’ Calibration Function CALIBRATION
+
Y-DATA(2) | X-DATA (2) ANALYSIS

Figure 2. 11 Schematic procedure for the quantitative analysis.
There are two methods of setting up a calibration model: univariate (single variable) calibration, and

multivariate calibration.

Univariate calibration is based on the correlation between a single variable in X and the reference
value Y. The alternative, for the combination of a greater number of variables in X with the respective

reference values Y, is multivariate calibration.
A good multivariate model can be built if the following conditions are met®:

e Data set Y contains as many variables as relevant sources of variance influence data set X.
e The variables included in the X data set contain variance correlated with all the variables in
the Y block.
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e The variables included in the data set X are poorly correlated with each other.
e The calibration set has been designed without correlation for the variables in the data set Y

covering the calibration interval.

The following chapter describes the PLS Regression as a multivariate calibration method.

2.4.1. Partial Least Square Regression

PLS is related to Principal Component Regression (from now on PCR), capturing the maximum
variance in X, and Multiple Linear Regression, capturing the maximum correlation between X and
Y. As a result, PLS maximizes the covariance between X and Y, trying to assess both described

premisest 4715,

As a result, the eigenvectors (factors or principal components) are generated reducing the data
matrices. Hence, the original matrices are presented as the sum of products, scores vector with the

loadings vector?“15, See Equation 2 16.
X data: X=tips™+ top2"+tsps’+ ... trpr"+F
Y data: Y=t;:™+ to02"+t303 ™+ ...trqr"+G

F: residual matrix of X.

G: residual matrix of Y.
pi: loading vector of X.

gi: loading vector of Y.
R: the number of factors.

ti: scores vector.
T: the transpose matrix of the loadings.
Equation 2 16.

The PLS regression contains the mutually dependent factorization of the X and Y data. In the PLS

method, identical score vectors for both data sets at the given factor numbers are assumed.

The PLS1 only takes the Y values of one analyte into account, all other data are interpreted as a
disturbance. In the PLS2 algorithm, the Y values for all components in the system are considered for

calibration.
2.4.2. Evaluation of Prediction Results
The predictive capacity of the calculated model must be evaluated. Such an evaluation is performed

by predicting a certain number of samples with a known reference value with the chemometric model.

The precision of the model is calculated considering the comparison of the reference values with the
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predicted values. Two types of validation are possible: internal validation (referred to as cross-

validation) and external validation (validation data set)*®.

Internal validation is characterized by using a set of calibration samples. The main stage requires the
removal of certain samples from the calibration set and the generation of a new chemometric model
with the samples that are still included in the set, determining the Y value of the removed samples.
This is done iteratively until all calibration set samples have been removed from building this model.
The predictive error of the model is calculated with the Root Mean Square Error of Cross Validation
(from now on RMSECV)23%7 that establishes the comparison of the reference value with the
predicted value by the generated model, see Equation 2 17.

Another method to test the quality of the method is external validation. This method contains
completely independent samples of the calibration set. The predictive error of the model is calculated
with the Root Mean Square Error of Prediction (from now on RMSEP)2367 that establishes the
comparison of the reference value with the predicted value by the generated model (see Equation 2
17.

nC

RMSECV =

np

RMSEP =

n: total number of samples for internal validation.
np: total number of samples for external validation.
yij measured value of sample i.
;- predicted value of sample i.
Equation 2 17.
The number of components or latent variables (from now on LV) to be included must be determined
to explain the greater variability associated with the parameter of interest based on the predictive

model capacity.

Moreover, the Standard Error of Laboratory® (from now on SEL), referred to the reference method

reproducibility, should be detailed and compared with the predicted equation (see Equation 2 18).

. Jz:;l(yl,i 350

n

n: number of included samples.
¥1,2- measured reference value of sample i, considering different laboratory conditions.

Equation 2 18.
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3. MULTIVARIATE PROCEDURE DEVELOPMENT

The multivariate procedure development involves analytical chemistry, statistics, and data analysis
to build a model based on multiple variables or factors. Those are used to analyze complex data sets

to identify patterns and relationships among the selected variables.

The development of a multivariate procedure involves several steps, including the scope definition,
data collection, and processing, model selection, choosing the appropriate multivariate model, model
fitting, estimating the parameters of the selected model based on the processed data, and the model
evaluation, assessing the quality of the model based on specific metrics such as the goodness-of-fit

and the prediction accuracy.

The guidelines involved and the critical steps involved in developing a multivariate method in the

pharmaceutical industry are detailed in this section.

3.1.Guidelines

The following sections are based on the application of the EMA and FDA guidelines for new
submissions of multivariate methods to the regulatory agencies of the pharmaceutical industry. The
guidelines included are: EMA “Guideline on the use of near infrared spectroscopy by the
pharmaceutical industry and the data requirements for new submission’, and the FDA guideline

“Development and Submission of Near Infrared Analytical Procedures Guidance for Industry .

In addition, the general text 5.21° of the European Pharmacopoeia dedicated to chemometric
methods, chapter 2.2.40.%, dedicated to the NIRS, and chapter 2.2.48.°, dedicated to Raman

spectroscopy, are considered.

3.2.Practical Procedure

There are specific steps involved during multivariate method development, which can be iterative

and may require finetuning to obtain optimal resultst. These are summarized in Figure 3. 2.
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Figure 3. 2 Steps for multivariate model construction67,

3.2.1. Objective Definition

The purpose of the multivariate analysis should be clearly stated, including the expected outcomes,

goals, and any potential limitations or challenges. Hence the method, model, and procedure should

be detailed®.
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Method: summary details for the equipment involved, regarding critical parameters of

measurement, including sample presentation regarding analysis strategy (online, inline

atline, or offline measurements (see Figure 3. 3).

Onlline

1)

Atline Offline

Figure 3. 3 Strategies for sample presentation during measurement.

Model: the chemometrics involved to guarantee the correlation between the equipment signal

and the analyte of interest.

Procedure: the suitability of the selected technique for the intended purpose based on

previous suitability studies, if considered (both method and model).
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A risk assessment should be considered considering those factors that may interfere with the proper

development of the procedure, based on the ICH Q9 guideline®.

3.2.2. Sampling Preparation

The preparation of representative samples is considered a critical step to obtain a calibration model

suitable for future predictions *11,
Three specific data sets are required®*?:

e Calibration set: a set of data used to calibrate the model. The preparation of representative
calibration samples is considered a critical step since they must include the physicochemical
variability of the product to be analyzed (for qualitative and quantitative methods,
respectively). The three main strategies for the preparation of the involved samples in the
calibration model are detailed below®**:

= Laboratory samples: direct mixing of the formulation components to expand the
concentration range of the analyte of interest.

= Synthetic pilot plant samples: pilot plant samples preparation to reproduce the
manufacturing process.

= Under and overdosing production samples: doping production samples with
excipients and the active ingredient to expand the concentration range of the analyte

of interest.

The physical variability of the product must be covered by also including production

samples in the calibration set®.

e Calibration test set: a set of data used to evaluate the performance of the model, including
model optimization and internal validation. If enough samples are available for calibration,
these will be divided into a calibration set and optimization (calibration test set) through a
manual strategy (score graph in the exploratory analysis) or mathematical algorithms such
as Kennard-Stone (in the factorization space, select the most different samples among them
dividing them into calibration and optimization). Otherwise, the same samples as those
included in the calibration set are used in this case to perform the cross-validation

e Validation test: a set of independent new data not used in the model development process
involved during the model performance evaluation. Hence, the test set should cover the
calibration range of the multivariate model including lifecycle product and process

variations®2.
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3.2.3. Data Collection and Pre-processing

Data collection from relevant sources of variability is mandatory involving the qualified equipment
based on Annexe 15 from the GMP regulation®3. In addition, in this step, a mathematical method for
data pre-processing is selected to clean the data from noise and transform it to be prepared for

analysis, transforming the instrument signal into information'#*®. See chapter 2.2. from Part I1.

Of central importance in this context are the quality of the measurement parameters and the reference

value which is normally determined by a reference analytical method.

This step may involve handling missing values and/or outliers®.

3.2.4. Data Exploration

The most relevant variables for the analysis may be chosen. Hence, an exploratory analysis, based
primarily on PCA analysis, may be involved to gain initial insights into the data, identify trends and

patterns, and detect any potential issues.

This step is crucial for reducing the dimensionality of the data and improving model interpretability

and performance in detecting possible outliers (see chapter 2.3.1. from Part 1I).

3.2.5. Development and Optimization

In multivariable classification methods, the workspace is initially selected, followed by the
mathematical algorithm. Finally, the classificatory capacity of the model is evaluated, guaranteeing

selectivity! (see chapter 2.3.2. from Part I1).

In multivariate quantification methods for spectroscopic techniques, as long as the Beer-Lambert law
is followed, absorbance spectra present a linear relationship between absorbance values and data

concentration commonly involving the PLS algorithm (see chapter 2.4. from Part I1).

3.2.6. Procedure Validation

Analytical method validation is one type of required validation in pharmaceutical manufacturing.

The suitability of the chosen data processing methods and the variables for the given task is evaluated

during the validation step.

Internal and external validation may be involved as an optimization/cross-validation or test set
validation, respectively. In the first step, the best model parameters are obtained by optimization or

cross-validation, evaluating the RMSECYV value (see chapter 2.4.2. from Part I1). In the second step,
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a completely external validation set is defined. The method is set up with the predefined parameters,

and validated by a test set validation evaluating the RMSEP value (see chapter 2.4.2. from Part 11).

The comparison between the SEP and the SEL should be included! (see chapter 2.4.2. from Part I1).

External validation parameters are detailed in Figure 3. 4 and Figure 3. 5, based on the EMA? and

the ICH guideline®®!’,

External Validation of the Multivariate Qualitative Method *

Specificity

Demonstrate that the identification of
the analyte of interest is comparable

Robustness

to the other formulation materials
with closely related structures as a
positive result, and as a negative
result without formulation materials.

Demonstrate the consistency of the
method over the effect of relevant
product variables or instrument
variations.

Figure 3. 4 External validation parameters for a qualitative multivariate method.

External Validation of the Multivariate Quantitative Method for the assay 61719

Specificity

Demonstrate the
degree to which a
method can
distinguish the
anlyte of interest
form other
compounds that
may be present in
the evaluated
sample.

Linearity and Range

Demonstrate the
limear
relationship
between the
reference and the
measured
variable in the
interval of the
upper and lower
concentration of
the analyte of
interest.

Accuracy

Demonstrate the
exactness of the
measured results
compared to the
reference ones.

Precission

Repeatability
measuring the
variability in the
obtained results when
using the developed
analytical method to
analyse the sample in
asingle

Robustness

Demonstrate
the consistency
of the method

determination. over the
Intermediate variation of
precision measuring | chemical and
the results variability | Phisical
variables.

including days and
analyts, if possible.

Limit of detection and quantification (defined as the lowest detected and quantified amount of the analyte,
respectively) are not required.

Figure 3. 5 External validation parameters for a quantitative multivariate method.
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3.2.6.1. Analysis Results

In this last step, the optimized multivariate method is used to analyze new samples. The goodness of

prediction is evaluated involving different parameters such as the MD or the spectral residue (for

qualitative or qualitative and quantitative multivariate methods, respectively).

MD: the spectral structures between the calibration set and the analyzed sample are
compared. The larger the difference between them, the larger the value of the MD. See
chapter 2.3. from Part Il for statistic calculation.

Spectral residue: the residual is the difference between the reference data and the predicted
model data applied to the spectral and concentration data. The residual matrix of the
concentration data describes the part of the components of the calibration data set which
cannot be explained by factorization (see Equation 3. 1).

Resi=Y-Y Prediction

Equation 3. 1.
Moreover, for the analyte spectrum, the difference is calculated between the measured

spectrum x; and the expected spectrum from the factorization, s;. See Equation 3. 2.

Spectral residue; =

n: number of samples.

Equation 3. 2.

Hence, the analysis of the results offers information about the value of the new sample and the outlier

determination.

3.2.7. Procedure Implementation and Maintenance

The most important task is the selection of a representative calibration data set. Therefore,

maintenance of the chemometric model should be involved once the procedure has been developed

and validated for routine analysis'®. The change may be covered by existing validation, in which

case no further validation is required, or not, resulting in the re-validation of a new model*°®. See
Figure 3. 6.
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Figure 3. 6 Procedure lifecycle.
Commonly, residual plots are used to diagnose and improve the statistical model performance.
Hence, it allows the identification of potential variations in the model, such as heteroscedasticity (the
variance of the residuals is not constant across the range of the independent variables), non-linearity
(the relationship between the independent and the dependent variables is not linear), and outliers
(data points that lie far away from the other data points having a significant impact on the regression

model).
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1. STARTING MATERIALS IDENTIFICATION

The verification of the correct SM reception, including the active substance (active pharmaceutical
ingredient; from now on abbreviated as APIs) and excipients, by a discriminatory method, is
mandatory ¥ in the pharmaceutical industry to guarantee compliance with the specifications for
quality product and safety. Once the identification was verified for each SM container, the final
quality bath could be evaluated by a representative sample previously established in the sampling

plan®,

Package checking is the starting point for SM verification>®. Then, the SMs are transported to a
sampling room to prevent cross-contamination. Then the container is sampled following one of these
strategies: 1) one sample per container received per batch, or 2) sampling the square root of the
number of containers plus one (VN+ 1; where N is the number of containers per batch received).
After sampling, the containers are properly and securely closed, avoiding contamination and stability
problems, before leaving the sampling booth. Finally, the samples are handed over to quality control
for identity verification analysis.

Commonly classical (including precipitation or colorimetric experiments) or instrumental (such as
IR or HPLC analytical methods are involved. However, there requires expert knowledge of the
technique on the part of the analyst, high time-consuming, or high-waste production®. NIR
spectroscopy has been used for this purpose for some years®®. Also, if you want to reduce the higher
cost of service and lead time for SM compared to sampling, these rapid spectroscopic techniques
allow you to move SM identity tests from the lab to the warehouse allowing the identification of the
set of received batches for the set of SM except sucrose®.

The identity testing for the SMs involving the spectroscopic techniques is evaluated by the spectral
similarity between the measured spectrum and the reference library spectrum considering an
established threshold®. The classification includes the identification and verification or qualification
of the SM. Identification is determined by evaluating the greatest spectral similarity between the SM
spectrum and each reference library material. As a result, the chances of the identification results are
equal to the number of references SMs included in the spectral library. Finally, verification implies

only the rejection or acceptance of the identity result.

During this section the applicability of NIR spectroscopy for the construction and maintenance of
spectral libraries as an identity test in the pharmaceutical industry is detailed. In addition, the

identification of the materials is guaranteed with any equipment that you want to use for this purpose.
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1.1. Starting Materials and Methods

This section describes the different analyzed samples, the instruments involved in data acquisition,
and the data processing.

1.1.1. Sample Description

A total of 237 SMs were included in the spectral library, including historical ones and newly
identified batches, if necessary, with the accepted alternative reference method. The variability
included in the spectral libraries depended mainly on the frequency of arrival of the materials at the
sampling warehouse. This factor is directly related to the amount of SM used for the preparation of
the formulation and the final volume of the finished product prepared with it. Different suppliers and

batches were included.

1.1.2. Near-Infrared Method

Data acquisition was performed with a benchtop FT-NIR MPA, and an FT-NIR MPA II (from now
abbreviated as MPA and MPA 11, respectively) both fitted with a solid probe for solid samples and a
transmission sample compartment for liquid samples. Key parameters for NIR spectra include the
number of scans, set at 32 scans, and the resolution of the intervals over the selected wavelength
range, all of them were previously optimized during the spectral library development (from 12500 to
4000 cm'Y).

1.1.3. Software and Data Processing

The OpusLab interface (Bruker Optics) was used for data acquisition, and the OPUS workspace
including IDENT and QUANT packages were used for qualitative and quantitative methods,

respectively, including the development and validation®®.

1.2. Maintenance of NIR ldentification Spectral Libraries

The implementation of the NIR spectrometer in the sampling room, located in the materials reception
warehouse, has allowed the identification and qualification of all the containers in which each batch
of SM is divided, which is received at LMSA, quickly (in situ) and reliably, allowing any defective
product to be discarded®?. The strategy followed for the identification and qualification of SM

batches with both techniques is shown in Figure 1. 7.
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Figure 1. 7 Workflow for an identity SM batch.
A NIR spectral library has been calibrated and validated using the cascade identification strategy that
allows the identification and qualification for all SM included?®. This NIR library makes it possible
to differentiate chemically identical products with different particle sizes, crystalline shapes, or
polymer chain lengths.

Once a new source of variability is detected in the model prediction, library maintenance has to be
developed to guarantee the usefulness of the library over time. The maintenance was developed after
one year of the last version library implementation. This action was motivated by common situations
in the pharmaceutical industry such as the need to include new batches of SM previously included in

the library due to the greater variability associated with them, and the need to include new SM 1,

A description of the spectral library maintenance for the SMs identity test is detailed in the following

sections.

1.2.1. NIRS ldentification Library

The NIR library’s maintenance was developed one year after the implementation of the last version

of the library. During this period, the OOS obtained, meaning SMs batches were not correctly
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identified by NIR but correctly identified by the alternative reference method, represented 5.5% of
the overall number of SMs identified by NIR.

The objective was to include a total of 455 and 1344 new spectra for calibration and validation data

sets, respectively, for a total of 36 SMs included in the previous version, and two new SMs.

1.2.1.1.Library Maintenance. Development and Validation

The identification spectral library was structured in a general library including all the SMs tested in
a preliminary identification. This first library was developed with a wide spectral range where there
was a significant variation in the NIR signal and a derivative spectral pre-treatment that applied
instrumental noise smoothing before NIR signal derivation followed by vector normalization. The
algorithm of this first identification was turned by distance, adjusting the identification threshold
after careful analysis of the calibration and internal validation samples. There was no limit on the

number of SMs that may be included in the general library.

During this first step of the calibration, the sub-cascading spectral library was involved as a
qualification strategy for SMs misclassification resolving ambiguities including different
classification levels!®. There was no limit to the sub-library number, composition, and levels. The
different spectral ranges were selected specifically for each identification level. Moreover, spectral
pre-treatment was selected too (a combination of derivatives with normalization of the spectra). Both
parameters were optimized to maximize the differences between the SMs. The discriminant
algorithm used is known as factoring or PCA, allowing the highlighting of the subtle spectral
difference between highly similar spectral classes. The selected combination must provide a
complete resolution of spectral ambiguities. The identification criterion was established using
measuring the distance in the PC space or residual variance. The threshold limit allows unequivocally
qualifying each spectrum of the library solving and correcting the spectral ambiguities that may
occur. Finally, groups that cannot be separated into further sub-libraries were assigned to common

classes.

Each library/sub-library included a variable number of calibration spectra used for calibration and
internal validation as positive samples. The internal validation showed that all the calibration spectra
belong to each of their corresponding folders of each SM and there were no ambiguities in the
calibration identification based on a hit quality value, resulting in a lower value than the threshold

distance previously established™.

Finally, an external validation of the library was developed including spectra not used during the
calibration/ internal validation. The calculated distance had to be less than the established threshold

for correct identification, a variable for each of the libraries/sub-libraries generated.
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Two specific parameters were validated: specificity and robustness. The specificity was evaluated
based on the selectivity parameter (from now abbreviated as Sel.), which compares one spectra group
with the adjacent spectrum in the same group to see which clusters overlap. The selectivity compared
SM1 with SM2 as detailed in Figure 1. 8.

Spectrum SM1
®  Spectrum SM2
() smi RN
RN LR 0N,
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O smi \ '

— TI
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Figure 1. 8 Selectivity graphical calculation®*.
The selectivity calculation was based on the ratio of the distance between average spectra, and the
sum of the threshold values for each cluster SM (being the values T1 and T2 in Figure 1. 8, referred
to as the cluster ratio). As a result, three different situations can occur:

e Sel.>1: where the evaluated clusters SMs were completely separated.
e Sel.=1: where the evaluated clusters SMs were in contact.

o Sel.<1: where the evaluated clusters SMs were overlapped.

Robustness was evaluated by including the largest batches possible in the external validation,

including the expected variability for each SM.

1.2.1.2.Library Maintenance. Results and Discussion

The general library included a total of 237 SMs. The algorithm involved was the factorization and
the first derivative S-G with 17 points of window width, followed by vector normalization as data
pre-treatment. The spectral range was specified between 9002 and 4420 cm™. The rest of the interval
ranges (from 12500 to 9002 and from 4420 to 4000 cm'*) were discarded because they did not present
useful information to improve the capacity of the identification method. The threshold was
established with a confidence level of around 97 percent. As a result, a total of 100 SMs were

identified unequivocally.

Thereafter, a series of cascade sub-libraries were set for the rest of the 137 SMs. 18 sub-libraries
were assigned for the second level, 13 for the third level, 8 for the fourth level, 5 for the fifth level,
and 2 for the sixth level. At each of the specific levels, a total of 77, 30, 14, 12, and 4 SMs were
identified without ambiguities, respectively. In the polysaccharides sub-library (starches and

celluloses), long hydrocarbon chains, sucrose, lactose, and lacquers were included.
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Finally, the construction of 6 specific classes was necessary due to the impossibility of resolving

ambiguities between the materials included in each class using sub-libraries (groups of SMs that are

not equivalent but cannot be separated without ambiguities).

The general structure for the spectral library is shown in Figure 1. 9.

General Library-First Level (including 237 SMs)

-| Sub-cascading Level 2 A |

-| Sub-cascading Level 2 B |

-| Sub-cascading Level 2 C |

-| Sub-cascading Level 2 D |

-| Sub-cascading Level 2 E |

-| Sub-cascading Level 2 F |

-| Sub-cascading Level 2 G |

-| Sub-cascading Level 2 H |

-| Sub-cascading Level 2 | |

-| Sub-cascading Level 2J |

-| Sub-cascading Level 2 K |

-| Sub-cascading Level 2 L |—|Sub-cascading Level 3L.1.

-| Sub-cascading Level 2 LL|

-| Sub-cascading Level 2 M |

-| Sub-cascading Level 2 N |

-| Sub-cascading Level 2 O

-| Sub-cascading Level 2 P |

-| Sub-cascading Level 2 Q |—

Sub-cascading Level
30.1.

Sub-cascading Level
30.2.

Sub-cascading Level 4.0

Sub-cascading Level 5.0

3Q.1.

_| Sub-cascading Level | |

Sub-cascading

Sub-cascading

Sub-cascading] | [Level 5Q.1.1. Level 6. Q
Level 4 Q.1.1 [ | [Sub-cascading
Level 5 Q.1.2.
Sub-cascading| | Sub-cascading
Level 4 Q.1.2. Level 5Q.1.3.

3Q.2.

| | Sub-cascading Level | |

-|Sub-cascading Level 4 Q.2.1.|

HSub-cascading Level 4 Q.2.2.|

| | Sub-cascading Level
3Q.3.

Sub-cascading Level
3Q.4.

Sub-cascading
Level 4 Q.4.1.

Sub-cascading
Level 5Q.4.1.

Sub-cascading
Level 6. Q

Sub-cascading
Level 4 Q.4.2.

Sub-cascading
Level 5 Q.4.2.

-|Sub-cascading Level 3 Q.5.|—| Sub-cascading Level 4 Q.5.|

-|Sub-cascading Level 3 Q.6.|

-|Sub-cascading Level 3 Q.7.|

-|Sub-cascading Level 3 Q.8.|

Figure 1. 9 Whole library tree for SMs NIR identity test.
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As an example, the sub-cascading spectral library, included in the second level assigned as O in

Figure 1. 9, and the class assignation was detailed for the Lacquer and the Hypromellose SMs.

The included compounds are detailed in Table 1. 2.

Table 1. 2 SMs description included in the sub-library level 2 O.

Component Description Specifications

Film-coated blue. Defined as a mixture of hypromellose, polyethylene

Lacquer Opadry OY-30923 glycol/macrogol, titanium dioxide, and blue carmine aluminium lake.

Film-coated white. Defined as a mixture of hypromellose, polyethylene

Lacquer Opadry OY-S-7163 glycol/macrogol, titanium dioxide, talc, and simethicone emulsion.

Film-coated orange. Defined as a mixture of hypromellose, polyethylene
Lacquer Opadry OY-S-33001 | glycol/macrogol, titanium dioxide, talc, yellow aluminium lake, and
erythrosine aluminium lake.

Film-coated white. Defined as a mixture of hypromellose, polyethylene

Lacquer Opadry OY-S-38913 glycol/macrogol, titanium dioxide, and talc.

Film-coated orange composed of a mixture of hypromellose, polyethylene

Lacquer Opadry 02F33175 glycol/macrogol, titanium dioxide, talc, and yellow aluminium lake.

Film-coated white. Defined as a mixture of hypromellose, polyethylene

Lacquer Opadry 0238986 glycol/macrogol, and titanium dioxide.

Film-coated white. Defined as a mixture of hypromellose, titanium

Lacquer Opadry ¥-1-7000 dioxide, and polyethylene glycol/macrogol.

Defined as hydroxypropyl methylcellulose with 3 centipoises (cP) of
viscosity. A viscoelastic polymer that is used as an excipient due to its
ability to be suspended as insoluble microscopical particles in a substance
when in solution.

Hypromellose 3cP®®

Defined as hydroxypropyl methylcellulose with 5 centipoises (cP) of
viscosity. A viscoelastic polymer that is used as an excipient due to its
ability to be suspended as insoluble microscopical particles in a substance
when in solution.

Hypromellose 5¢P

Sub-cascading library Level 2 O

The scores plot for the presented sub-library, including the two first PCs is shown in Figure 1. 10. A
cluster trend between the included SMs was obtained after applying the first derivative S-G with 25
points of widow width, followed by vector normalization, and selecting the specific wavelength
range between 10854 and 10306, and 7868 and 6025 cm for the second level sub-cascading library
(see Figure 1. 10). For the rest of the sub-cascading libraries, different pre-treatments and wavelength

ranges were selected to obtain an unequivocal qualification for the included SMs:

e Sub-cascading Level 3.0.1.: second derivative S-G including 21 points of window width,
followed by vector normalization. Interval range from 8462 to 4088 cm™™.
e Sub-cascading Level 3.0.2.: second derivative S-G including 17 points of window width,

followed by vector normalization. Interval range from 8053 to 7791 cm™.
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The creation of two classes was necessary for 2 specific lacquers (Lacquer Opadry OY-S-38913, and
Lacquer Opadry OY-S-7163), and the hypromellose SMs due to their composition and low batch

Sub-cascading Level 4.0.: first derivative S-G including 9 points of window width, followed

by vector normalization. Interval range from 7066 to 5909 cm™.

Sub-cascading Level 5.0.: second derivative S-G including 25 points of window width,

followed by vector normalization. Interval range from 12204 to 8964 cm™.

variability.
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Figure 1. 10 Sub-cascading library for level 2 O.
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Finally, the selectivity histogram for the specificity evaluated parameter is shown in Figure 1. 11.
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Figure 1. 11 Selectivity histogram for the NIR spectral library.
Despite the objective being to achieve a selective value higher than 1 for each SM, less than 1% of
the selectivity evaluated for all the SMs presented a value lower than 1 (grey colour in Figure 1. 11).
The groups of each SMs were overlapped but the spectra of the respective SMs were not in the
overlap area (Figure 1. 8). The 12.5% represented a selectivity value equal to 1 (black colour in
Figure 1. 11), and the rest of the calculations showed a selectivity greater than 1 (green colour in
Figure 1. 11).

1.2.1.3.Risk Assessment. Transferability Study for the Identification Library
Between NIRS Equipment

The NIR spectra for the same sample can be affected by three classes of factors: (1) changes in the
physical and/or chemical properties of the samples, (2) changes in the environmental conditions
where the instrument is located, thus affecting its components, and (3) changes in the instrumental
response, which may appear due to the use of other equipment to acquire the data to be predicted in
the already created procedure®®. These spectral variations can lead to the failure of previously
developed and validated multivariate qualitative or quantitative procedures. In some cases, the
response of the new sample is not greatly affected, and the existing model can be used without having
to make any corrections, concluding in direct transferability. For evaluating the spectral variations,
a spectral equivalence study can be proposed implementing the exploratory analysis by reduction of
the dimensionality of the variables, based on a PCA, for the spectral data acquired in parallel with
the different NIR spectroscopic equipment. If, on the contrary, this does not happen, some strategies
have to be used to eliminate the identification/prediction failure, resulting in the application of a

calibration transfer of the model, choosing between the following strategiess-°:

e Model update, including spectra acquired with the second equipment to the library developed

with the first equipment.
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o Partial Direct Transfer (from now on PDS) standardization method where a succession of
linear transformations of the spectrum acquired with the second equipment will cause its
spectral response to coincide with that of the spectra acquired with the first equipment. As a
result, the spectra of the products could be acquired with both equipment for a unique library.

If all this is not possible, it is worth considering a new development and validation of the procedure

including this new variability.

LMSA has a spectral library for the identification of SMs, built with the spectra acquired with the
MPA equipment, located in the sampling room of the facilities of the logistics operator, since 2015.
This is periodically updated to include the set of factors listed in the previous paragraph, obtaining a
robust library. Currently, it was intended to have a backup device for carrying out identifications, if
necessary, at the facilities of LMSA, being the MPA 1l device, acquired in 2019, installed in the
sampling room at LMSA. However, this had to be demonstrated experimentally and provide evidence
that this was the case since differences in the precision of the wavelength, linearity, or bandwidth in
the entire spectral range could make the instruments optically different 2. The instrument

specifications are shown in Table 1. 3.

Table 1. 3 Specification for the parameters of the MPA and MPA Il instruments.

Instrument Parameters

Specifications

Model FT-NIR MPA Bruker FT-NIR MPA Il Bruker
Software version OPUS version 7.2. OPUS version 8.2
Light scattering principle FT FT
Resolution 2cmt Max. 2 cm?
Wavenumber Accuracy >0.1cm? 0.1cm?
Wavenum?slrvlrg)peatability >0.04 et 0.006 cm-
Photometric Accuracy 0.1 %T 0.1%T

Interferometer

High stability interferometer
Rocksolid™ permanent
alignment

High stability interferometer
Rocksolid™ with gold-coated
mirrors and permanent alignment

Scanner (i.e. moving

4 speeds: 5, 10, 20, and 40

4 speeds: 3.75, 7, 15, and 30 kHz

interferometer mirror) kHz
Sample Detector TE-InGaAs TE-InGaAs
Compartment
and Fiber Optic Spectral
Module (Solid ranrg);e (cm) 12800-4000 11500-4000
Probe)

This section aims to study the direct transferability of the SM identification library, the current

version, between NIR spectroscopic equipment: from the MPA to MPA II. Risk assessment based

95



_ PART III-RESULTS AND DISCUSSION

on the FMEA approach was used to select the critical SMs involved in the study, including the
analysis of the spectra acquired in parallel, based on the PCA analysis, for the products of interest

selected with each of the NIR spectroscopic equipment.

1.2.1.3.1. Risk Assessment Development

The risk analysis of the 237 SMs was assessed using the FMEA methodology, considering the
description included in the ICH Q9 guideline?. The fundamentals included were: the evaluation of
each critical variable from the identification library (CQASs), including the factor weight (from now
on abbreviated as W) for each CQA, from the severity (from now abbreviated as S) of the error
(referred to as the effect of the method variable on the CQASs of the method), being the error to obtain
a no satisfactory identification with the library (method variable effect from method CQAS), the
probability of the error occurrence (from now on abbreviated as P), and the detectability of the error

(from now on abbreviated as D), being the ability to be detected during the experimental procedure.

Selected CQAs were considered to achieve a robust identification library. The selection was based
on the recommendations described for the identification library construction in the provider software
manual (OPUS version 8.2. from Bruker Optics) and on the EMA guideline related to using NIR
spectroscopy in the pharmaceutical industry in the validation of identification method section® (see
Table 1. 4).

Table 1. 4 CQAs for obtaining a robust identification library using NIRS.

CQA Definition

The number of libraries/sub-library assigned in the effective version library. Reflects the

Classification difficulty to differentiate SMs due to the spectra similarity.

See chapter 1.2.1.1. For those SMs in which Sel.<1 occurs, the probability (from now
Selectivity abbreviated as Prob.*) represented in the set of SMs was calculated. Reflects the spectral
variability within and between the groups in the identification library.

Physical state | The physical state of the SM, that is related to the difficulty in spectral acquisition.

The number of batches included in the effective identification library. Reflects the spectral

Variability variability between included batches for each SM in the library.

The risk priority is defined by the RPN as the combination of S, P, and D, or Critical Number (from
now on CN), as the combination of S and P, where the D contribution is the same for all the evaluated

samples. The numerical values are expressed in Equation 1. 12.
RPN=S*Px*D; CN= S*P

Equation 1. 12.
The different parameters of Equation 1. 12. are detailed in Table 1. 5 to Table 1. 7.
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The total value for S was calculated as the sum of all S values for each CQA, multiplied by W
assigned at each CQA, and divided by the sum of W (Equation 1. 13).

Table 1. 5 Critical criteria for S parameter.

S | Importance | Classification Selectivity Physical state Variability
Solid. Direct spectral
1 | Low Impact Group 1-2 External validation Sel.>1 acquisition to the Batch n®>20
material
3 Medium Group 3-4 External validation Sel.<I acSSilsl,?t'ioSnpfﬁ:(r)ﬂ h 20>Batch
Impact P and %Prob.*<1 g . g n°>5
one plastic bag
Semi-solid or liquid.
. ) External validation Sel.<1 | Spectral acquisition o
9 | High Impact Group 5-6 and %Prob.*>1 with a certified glass Batch n°<5
vial

*%Prob.= n° of samples from which the SM of interest presents a Sel.<1 divided by the total number of groups in the
effective library, multiplied by 100.

_ XS+ W
rtw,

Equation 1. 13.

Table 1. 6 Criteria for W associated with each CQAs.

W | Description

1 Low impact on the overall quality of the result to be obtained

3 Medium impact on the overall quality of the result to be obtained

5 High impact on the overall quality of the result to be obtained
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Table 1. 7 Critical criteria for P and D parameters.

Punctuation Frequency of occurrence (P)** Probability of detection (D)
Highly improbable: theoretically Very high: failure is determined each time
1 possible but practically impossible. Not | immediately after or during the analytical
observed before process. Automatically deleted

Remote possibility: it rarely happens. High: failure is determined sometime after
2 They were observed in the past but or during the analytical process. Human
there are good measures to avoid them | action or decision is involved at this point

Occasional: It doesn't happen Medium:; the failure is not detected every
3 systematically. The measures are not time or only sometime after the complete
entirely effective completion of the analytical process

Probable: It happens at regular
4 intervals. The measures to be taken are
ineffective or non-existent

Low: the measurements are not
appropriate to detect the failure

Frequent: No measures can be taken to _ S .
5 prevent it Very low: the detection is impossible

**This parameter was based mainly on the historical data for those SMs with was necessary to include new
variability in the calibration set for the next library maintenance. For those without historical data, the probability
was scored based on the criticality of S.

The analysis presented as a potential error the possible spectral non-equivalence between the MPA
and the MPA 1l equipment for certain SMs, giving the effect of obtaining false negatives and/or
positives with the reference library created with the acquired spectra with the MPA equipment, using
the spectra acquired with the MPA 11 equipment. It was assumed that the causes of the possible error
could be: the transport of the sample from the reception in the logistics operator sampling room to
the LMSA sampling room, as well as the variation in environmental conditions due to the different
rooms where are installed the respective equipment, and/or lack of variability included in the current
library. These were considered since the supplier of both pieces of equipment guarantees the

equivalence between them.

The criticality criterion was based on the CN parameter, since D presented the same criticality value
for the set of SMs evaluated, being 1. According to the risk matrix (see Table 1. 8), those that
presented a value of CN>10 were considered critical or pending to assess their criticality. These SMs
were divided into two main groups. The first corresponds to the SM set that presented a value of P>3,
which reflects the lack of variability included in the previous version of the reference library, these
being the ones that have historically given unsatisfactory identifications. For these, there was a
corrective action already implemented, that implied the inclusion of the set of identified batches in
an unsatisfactory way, due to a lack of variability, in the future maintenance of the identification
library. The second corresponded to those SMs with a value of P=2, being those SMs for which there
was no historical data of unsatisfactory identifications due to past maintenance. Moreover, they

showed a critical value of S following the critical criteria of each CQA selected in Table 1. 9. Due to
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the lack of corrective action, its criticality was considered and the transferability evaluation was

developed.

Table 1. 8 Risk matrix for the FMEA analysis table.

©

Severity
P N W b 01O N

Probability

Table 1. 9 Criticality situations for S parameter.

Criticality situations | Classification | Sel. | Physical state

A 1,309 9 9

B 903 9 3

The FMEA table for the critical SMs is described in Table 1. 11.

Moreover, the set of critical SMs is described in Table 1. 10, including the date of receipt of the last
batch and the NIR identification strategy. For hydroxypropyl cellulose and Opadry lacquer it was not
possible to carry out the transferability study because, as can be seen in the table, it had not been

obtained for years.

Table 1. 10 Critical SM listed pending to evaluate based on the FMEA analysis.

Definition Date last batch NIR identification
Hydroxypropyl cellulose L 2015 Liquid through a glass vial
Carbomer 2020 Solid through one plastic bag
Cellulose microcrystalline, type 102 and 90 pm 2019 Solid through one plastic bag
Dexketoprofen Trometamol 2020 Solid through one plastic bag
Gemfibrozil 2019 Solid through one plastic bag
Cetirizine dihydrochloride 2019 Solid through one plastic bag
Polysorbate 60 2018 Liquid through a glass vial
Lacquer Opadry 02F33175 2016 Solid through one plastic bag
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Table 1. 11 FMEA analysis including the critical SMs.

CQA s from the identification method Library Classification Selectivity Physic state Variability

Factor Weight 3 5 5 1 S i 2 RPN
SM Definition 0: Null 9: High 0: Null 9: High | 0: Null 9: High | 0: Null 9: High 1: Low 5: High |1: Low 5: High
Hydroxypropyl cellulose L 1 9 9 9 7.29 2 1 14.6
Cellulose microcrystalline, type 102 3 9 3 3 5.14 2 1 10.3
Carbomer 3 9 3 1 5.00 2 1 10.0
Cellulose microcrystalline, 90um 3 9 3 3 5.14 2 1 10.3
Dexketoprofen Trometamol (1) 3 9 3 3 5.14 2 1 10.3
Dexketoprofen Trometamol (2) 3 9 3 1 5.00 2 1 10.0
Dexketoprofen Trometamol (3) 3 9 3 1 5.00 2 1 10.0
Gemfibrozil 3 9 3 1 5.00 2 1 10.0
Cetirizine dihydrochloride 3 9 3 3 5.14 2 1 10.3
Cetirizine dihydrochloride (Phardiag) 3 9 3 1 5.00 2 1 10.0
Polysorbate 60 1 9 9 9 7.29 2 1 14.6
Lacquer Opadry 02F33175 3 9 3 9 5.57 2 1 11.1

(1)(2)(3)-Different internal LMSA API codes including different suppliers.
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1.2.1.3.2. Results and Discussion

The evaluation of possible spectral differences between equipment was proposed with the
implementation of exploratory analysis based on PCA, for the spectra acquired in parallel with both
NIRS equipment. Before the exploratory analysis, the spectra acquired with both equipment (MPA
and MPA 1) were identified with the currently implemented identification library. If the
identification was satisfactory and the formation of groups by NIRS equipment did not occur in the
exploratory analysis, it was concluded that there was direct transferability. Furthermore, if both
identifications were unsatisfactory, direct transferability was also concluded, evaluating the root
cause of the failure. However, if the identification was satisfactory and the formation of groups was
observed, the exploratory analysis of the spectra of the studied samples was carried out together with
the set of spectra included in the calibration of the implemented library. If no spectral differences
were observed, a direct transferability was concluded; otherwise, a calibration transfer would be
performed using the transfer method offered by the PDS-based instrument software. If all this didn't
work, a new spectral library should be made, including the spectral variability of the spectra acquired
with the new MPA 1.

Another scenario would be to obtain an unsatisfactory identification for the spectra obtained with the
MPA Il equipment; this would lead to carrying out a calibration transfer by PDS and the consequent
spectral evaluation by PCA, as well as a new identification with the implemented library. If this were
successful, the need for PDS to perform spectral transfer would be concluded; otherwise, a single
spectral library should be populated. The decision tree detailed is shown in Figure 1. 12.

Identify the upcoming batches using the MPA equipment
I
Evaluate the spectral library results

| Root
+ + cause. SM

PASS FAIL 7

by the
| | reference

+ method

Identify the upcoming batches using the MPA 11 equipment

Evaluate the spectral library results

PASS FAIL PASS FAIL
Direct Exploratory Analysis including Calibration set: Direct
Transferability -Not cluster trend: lack of variability Transferability

-Cluster trend: not direct transferabilitv. PDS.

Figure 1. 12 Decision tree for preventive actions during the SM identification.
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The transferability study for gemfibrozil material was presented as an example. The same spectral
profile was visualized for the overall spectra acquired with the MPA and MPA Il equipment. In
addition, a cluster trend within the equipment, after applying the specific spectral pre-treatment used
during the spectral library construction, was observed at the PCA analysis (see Figure 1. 13, and
Figure 1. 14). No significant differences were observed with the calibration data set (see Figure 1.
15). Moreover, the identification of the effective spectral library version with the spectra acquired
with both equipment (MPA and MPA 1) was satisfactory.

=

MPA ]
41 ' ]

&
4

A A

or Vo / .-!:::_% .\ ./'/_, /\/\
Al /—/ SV A

,» A

2 L .

Absorbance (10D and SNY)

1 1 1 1 1 1 1 1
9500 8000 Y500 FOO0  BS00 BOOO 5500 5000
Wavenumber (cm-1)

Figure 1. 13 Spectral data for the gemfibrozil acquired in diffuse reflectance mode with the MPA and the MPA 11
equipment. 1 derivative S-G (with 25 points of window width), followed by vector normalization was applied as data
pre-treatment. Spectral range from 8941 to 5978 and 5608 to 4883 cm™.
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Figure 1. 14 Scores plot for PCA including 2 factors, PC1, and PC2) for the spectral data acquired in diffuse reflectance
mode for the gemfibrozil material. 1%t derivative S-G (with 25 points of window width) followed by vector normalization
as data pre-treatment. Spectral range from 8941 to 5978 and 5608 to 4883 cm™L. 99.97% is included for all variability
was included (99.72 and 0.25%, respectively).
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Figure 1. 15 Scores plot for PCA including 5 factors, from PC1 to PC5 for the spectral data acquired with diffuse
reflectance for gemfibrozil material. 1st derivative S-G (with 25 points of window width) followed by vector
normalization as data pre-treatment. Spectral range from 8941 to 5978 and 5608 to 4883 cm™1. 99.99% for all variability
was included (98.93, 0.5, 0.34, 0.14, and 0.08 %, respectively)

The graphical comparison including the spectra acquired with the MPA, MPA 11, and the calibration
data set included in the effective spectral library current version was presented for the rest of the
critical SMs included in Table 1. 10 (see Figure 1. 16, Figure 1. 17, Figure 1. 18, Figure 1. 19, and
Figure 1. 20).
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Figure 1. 16 Left) spectral data for the carbomer upcoming batch acquired in diffuse reflectance mode with the MPA and
the MPA 11. The spectra for the calibration set were included. Right) Scores plot for PCA including 2 factors PC1 and
PC2, including the 96.21% for all variability was included (91.5 and 4.71, respectively). 1% derivative S-G (with 25
points of window width) and vector normalization as data pre-treatment, including the spectral range from 8941 to 5978
and from 5608 to 4883 cm!
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Figure 1. 17 Left) spectral data for the cellulose microcrystalline upcoming batch acquired in diffuse reflectance mode
with the MPA and the MPA 1. The spectra for the calibration set were included. Right) Scores plot for PCA including 2
factors PC1 and PC2 the 99.85% for all variability was included (99.63, and 0.22, respectively). 2" derivative S-G (with

25 points of window width) and vector normalization as data pre-treatment, including the spectral range from 7552 to

6379 cmL,
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Figure 1. 18 Left) spectral data for the DKP-T upcoming batch acquired in diffuse reflectance mode with the MPA and
the MPA 11. The spectra for the calibration set were included. Right) Scores plot for PCA including 2 factors PC1 and
PC2 the 99.95% for all variability was included (99.14, and 0.81, respectively). 1% derivative S-G (with 25 points of
window width) and vector normalization as data pre-treatment, including the spectral range from 7035 to 5978 cm.
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Figure 1. 19 Left) spectral data for the cetirizine upcoming batch acquired in diffuse reflectance mode with the MPA and
the MPA 1. The spectra for the calibration set were included. Right) Scores plot for PCA including 2 factors PC1 and
PC2 the 99.77% for all variability was included (90.18 and 9.59, respectively). 1t derivative S-G (with 21 points of
window width) and vector normalization as data pre-treatment, including the spectral range from 9141 to 5361 cm™.
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Figure 1. 20 Left) spectral data for the polysorbate upcoming batch acquired in diffuse reflectance mode with the MPA
and the MPA I1. The spectra for the calibration set were included. Right) Scores plot for PCA including 2 factors PC1
and PC2 the 99.99% for all variability was included (99.69 and 0.30, respectively). Vector normalization as data
pre-treatment, including the spectral range from 8709 to 4528 cm™.

For all the defined critical SMs a direct transferability was concluded.

1.2.1.3.3. Verification of the Transferability Study

This study aims to verify the transferability between NIRS equipment (MPA and MPA 1I) of the
identification library developed with the MPA equipment, once new library maintenance has been
carried out and implemented. The frequency of the development of the present study was established
after each maintenance of the library.

A total of 15 SMs were identified, including 26 different batches, using the latest library version,
involving both NIRS equipment. Equivalent results were obtained in all studied cases (see Table 1.
12). The results presented were representative of 7% of the total SMs codes included in the latest

version of the library detailed in this chapter. The variability included depends on the frequency of
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arrival at the identification store between November (the month in which the new version of the

library was implemented), and December 2022.

Table 1. 12 Set of batches identified with the latest version of the identification library involving the MPA and MPA I

equipment.
Description Num. Batches | MPA Identification | MPA Il Identification
Cetirizine dihydrochloride 3 PASS PASS
Citric acid, anhydrous 1 PASS PASS
Dexketoprofen trometamol 7 PASS PASS
Lactose, atomized 1 NOT PASS NOT PASS
Lemon scent, ref. 03043 1 PASS PASS
Macrogol cetostearyl ether 22 1 PASS PASS
Neohesperidin dihydrochalcone 1 PASS PASS
Nimesulide 1 PASS PASS
Otolinium bromide 1 PASS PASS
Sodium carmellose 1 PASS PASS
Sodium starch glycolate type A 1 PASS PASS
Starch, maize 1 PASS PASS
Starch, pregelatinized 1 PASS PASS
Sucrose, crystal 1 PASS PASS
Sucrose, powder 4 PASS PASS

The results of the identification, of the SMs identified with the latest version of the library, involving
both NIRS equipment, were satisfactory. A non-conforming result was obtained with both NIR
equipment for the lactose atomized material due to the lack of variability included in the
identification library.

Transferability between NIR spectroscopic equipment was verified for the latest version of the

identification library.

1.3. Conclusions

This section demonstrates the complete accomplishment of the correct maintenance for the Bruker
NIRS identification library. All the evaluated spectra in the external validation for the library
validation were correctly identified as belonging to the group of SM to which belongs. Furthermore,
neither failure identification nor false positive results were obtained. Non-compliant identifications
were given during the period of application of the presented maintenance library for two different

types of SMs:
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e SMs that had not been necessary to include new variability in the library maintenance
presented; belonging to classes or including little variability in the calibration set.

e SMs that, even including new batches, the set of these included in the calibration set of the
current library was less than 5.

The overall failed identifications represented 2% of the total of SMs identified during the period of
application of the new maintenance presented (covering the period between October 2022 and May
2023).

Moreover, the direct transferability between NIRS equipment was demonstrated. The possible
spectral differences were evaluated involving PCA as an exploratory analysis. It was assumed that
the causes of the possible error could be: the transport of the sample from the reception in the logistics
sampling booth to the LMSA sampling booth, as well as the variation in environmental conditions
due to the different rooms where are the respective equipment and/or lack of variability included in
the current library. The scores for the PCA should be grouped since there should be no separation
between the data groups related to the instrumental origin. The initial hypothesis for those differences
and a satisfactory spectral identification obtained demonstrated that the spectral variability included
in the calibration set was sufficient to cover the variability shown in the new spectra acquired with

the evaluated instrument.

Finally, the transferability between NIRS equipment was verified for the latest version of the
identification library. A total of 15 SMs codes were identified, including 26 different batches. using
the latest library version, with both NIRS equipment obtaining equivalent results in all cases. The
results presented in this report are representative of 7% of the total SMs codes included in the latest
version of the library.

1.4. Bibliography

(1)  European Medicines Agency. ICH Q7 Good Manufacturing Practice for Active
Pharmaceutical Ingredients Step 5. CPMP/ICH/4106/00. London, UK, November 2000.

(2)  European Medicines Agency. ICH Guideline Q2(R2) on Validation of Analytical Procedures.
EMA/CHMP/ICH/82072/2006. London, UK, March 31, 2022.

(3)  Agency of Medicines and Medical Devices. Production. In Guide to Good Manufacturing
Practices Medicines for Human and Veterinary Use; European Commission, 2016; pp 51—
56.

(4)  Agency of Medicines and Medical Devices. Sampling of Starting and Packaging Materials.
In Guide to Good Manufacturing Practice for Medicinal Products for Human and Veterinary
Use; European Commission, 2016; p 243.

(5)  European Medicines Agency. Chapter 5: Production. Good Manufacturing Practice
Medicinal Products for Human and Veterinary Use. Brussels, Belgium, August 13, 2014, pp
1-12.

107



_ PART III-RESULTS AND DISCUSSION

(6)

()

(8)

)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

108

European Medicines Agency. Annex 8: Sampling of Starting and Packaging Materials.
Guidelines for Good Manufacturing Practice for Medicinal Products for Human and
Veterinary Use. Brussels, Belgium, October 20, 2010, pp 1-2.

European Medicines Agency. Chapter 1: Pharmaceutical Quality System. Guidelines for
Good Manufacturing Practice for Medicinal Products for Human and Veterinary Use.
European Commission Health and Consumers Directorate: Brussels, Belgium, December 14,
2012, pp 1-7.

European Medicines Agency. Chapter 6: Quality Control. Guidelines for Good
Manufacturing Practice for Medicinal Products for Human and Veterinary Use. Brussels,
Belgium, March 28, 2014, pp 1-8.

Blanco, M.; Romero, M. A. Near-Infrared Libraries in the Pharmaceutical Industry: A
Solution for Identity Confirmation. Analyst 2001, 126 (12), 2212-2217.
https://doi.org/10.1039/b105012p.

Medicines Agency, E. Guideline on the Use of Near Infrared Spectroscopy (NIRS) by the
Pharmaceutical Industry and the Data Requirements for New Submissions and Variations.
EMEA/CHMP/CVMP/QWP/17760/2009. London, UK, January 20, 2012.

European Medicines Agency. Annex 15: Qualification and Validation. Guidelines for Good
Manufacturing Practice for Medicinal Products for Human and Veterinary Use. Brussels,
Belgium, March 30, 2015, pp 1-16.

Blanco, M.; Villarroya, 1. NIR Spectroscopy: A Rapid-Response Analytical Tool; 2002; Vol.
21, pp 240-250.

Mird Vera, A. Y.; Alcala Bernardez, M. Near-Infrared Spectroscopy in Identification of
Pharmaceutical Raw Materials. In Encyclopedia of Analytical Chemistry; John Wiley & Sons,
Ltd, 2017; pp 1-19. https://doi.org/10.1002/9780470027318.a9619.

Opus Spectroscopic Software. 7.6 Setup Identity Test Method: Validate. In IDENT User
Manual; Bruker Optics, 2011; pp 104-115.

National Center for Biotechnology Information. Hydroxypropylmethylcellulose. PubChem.
https://pubchem.ncbi.nim.nih.gov/compound/Hydroxypropylmethylcellulose (accessed
2023-01-22).

Feudale, R. N.; Woody, N. A.; Tan, H.; Myles, A. J.; Brown, S. D.; Ferré, J. Transfer of
Multivariate Calibration Models: A Review. Chemometrics and Intelligent Laboratory
Systems 2002, 64 (2), 181-192. https://doi.org/10.1016/S0169-7439(02)00085-0.

Milanez, K. D. T. M.; Silva, A. C.; Paz, J. E. M.; Medeiros, E. P.; Pontes, M. J. C.
Standardization of NIR Data to Identify Adulteration in Ethanol Fuel. Microchemical Journal
2016, 124, 121-126. https://doi.org/10.1016/j.microc.2015.08.013.

Sun, L.; Hsiung, C.; Smith, V. Investigation of Direct Model Transferability Using Miniature
Near-Infrared Spectrometers. Molecules 2019, 24 (20).
https://doi.org/10.3390/molecules24101997.

Folch-Fortuny, A.; Vitale, R.; de Noord, O. E.; Ferrer, A. Calibration Transfer Between NIR
Spectrometers: New Proposals and a Comparative Study. J Chemom 2017, 31 (3).
https://doi.org/10.1002/cem.2874.

Ulmschneider, M.; Pénigault, E. Assessing the Transfer of Quantitative NIR Calibrations
from a Spectrometer to Another One. Analusis 2000, 28 (1), 83-87.
https://doi.org/10.1051/analusis:2000101.

European Medicines Agency. ICH Guideline Q9 on Quality Risk Management.
EMA/CHMP/ICH/24235/2006. London, UK, September 2015.



Experimental Chapter 2. NIR and Raman Spectroscopy as Quality Control Tools

2. CQAs DETERMINATION BY SPECTROSCOPIC TECHNIQUES AS QUALITY CONTROL

L1 1 SRS 111
2.1. Instrumentation, Materials, and MEthOd...........coccuiiiiiiiii e 111
2.1 1V BIBNUET ... bbbttt 111
2.1.2. Tablet Compression IMACHINE..........ociiiiriiiieisi e 112
2.1.3. Coating MACKINE ......ceeiiiece et 113
2.1.4. Near-Infrared SPECIrOSCOPY......eiveiueriieieie it e e st eteste st e e te e st e s e e e sreereesbesae e e 115
2.1.5. RAMAN SPECLIOSCOPY ..nvervenrerierieenresteeseesresieesr e st ssresresre e sre e sresseesresre e e e sreereenenneenne e 115
2.1.6. Sample Preparation Strategy ........cccccveeviiiiiieie ettt 116
N 10 A1 SO SS 117
2.2. Develop a NIRS Procedure for Identifying and Qualifying a Coated Tablet Bulk Product
and Quantifying the Assay for the Content Uniformity Test.........cccocvvvviiiieiiive v 117
2.2.1. Studies Previously DeVelOped. ... 117
2.2.2. Dexketoprofen Trometamol 25mg Tablet Product ... 118

2.2.2.1. Composition and Manufacturing ProCess...........ccererereiieiniinineneseesieeeeeenes 118
2.2.2.2. Materials and MethOdS ..........ccccviiririiieirisie e 119
2.2.2.2.1. Calibration and Validation Data Sets for Spectroscopic Qualitative Analysis..119
2.2.2.2.2. Calibration and Validation Data Sets for Spectroscopic Quantitative Analysis 120
2.2.2.2.3. Instrumentation and SOTEWAIE .........cccoeieiiiiiiiiie e 122
2.2.2.3. RISK ASSESSIMENT......cuiiiieiiitiiiesie st se et ste e te e e e e re s este st e aesteaseentesseenee e 124
2.2.2.4. Investigation of the Coating Effect to the NIR and Raman Spectra.................... 127
2.2.2.5. Exploratory Analysis. Investigation of the Effect of the Active Substance
Polymorphism on the Chemometric Raman Model ............cccocoevvvieiiiiniincie e 129
2.2.2.6. ReSUILS aNd DISCUSSION ......cuviviiiiiieiiiieieieeee ettt sneanes 131
2.2.2.6.1. Qualitative and Quantitative NIRS Procedures. Development and Validation..132
2.2.2.6.2. Raman Spectroscopy Procedure. Development and Validation......................... 135
2.2.3. Atorvastatin Film-coated TabletS.........coooiiieiiiiiieie e 138
2.2.3.1. Composition and Manufacturing ProCess...........ccoererereieiniinineseseeeeeeeeiees 138
2.2.3.2. Samples for Preliminary INvestigation ...........cccccovviieninieiie e 139
2.2.3.3. INSITUMENTALION .....veiieiieeieee ettt ene et sne e 140
2.2.3.4. RISK ASSESSIMENT......cuiiiieiiitiiieieste et ste sttt et e e saesteeaesteene e besreenee e 141
2.2.3.5. Investigation of the Coating Effect to the NIR and Raman Spectra.................... 143
2.2.3.6. Investigation of Laboratory Sample Preparation Strategy on NIR and Raman
Y0 1<Tod 1 £ DT T PP URTUPTPPO 145
2.2.3.7. Suitability Study for PLS Modelling by NIR and Raman Spectroscopy............. 146
2.2.4. CONCIUSIONS ... ettt sttt te et te st e e se e be s e e st e staenaesbeesaeneesneenee e 148
2.3.Develop a NIRS Procedure for Identifying and Qualifying a Powder Bulk Product and
Quantifying the Assay for the Content Uniformity TeSt........cccceovviviiniineneneneieeeins 149
2.3.1. Composition and ManufaCturing PrOCESS ..........cccurerirererieininisesesie e 149
2.3.2. Materials and MEtNOUS ...........cooieieiieee e 150

2.3.2.1. Calibration and Validation Data Sets for Spectroscopic Qualitative Analysis .....150



2.3.2.2. Calibration and Validation Data Sets for Spectroscopic Quantitative Analysis...151

2.3.2.3. INSEIUMENTALION .....eviiiiie ettt st et sre e e 152
2.3.2.4, SOTEWANE ...t bttt e et 154
2.3.3. RISK ASSESSIMEBNL. .. .euieiiitieiiesieeiieie st eee et e st e ste e ste st e e steeseestesseeseesteaneeseeereeneesneeneees 154
2.3.4. Development and Validation of NIR Spectroscopic Qualitative Analysis.................... 155
2.3.5. Development and Validation of NIR Spectroscopic Quantitative Analysis.................. 157
P N T @0 o] 103 [0SR 160

P = T o] [ToTe =T o] Y2 USSR 161



PART I1I-RESULTS AND DISCUSSION _

2. CQAs DETERMINATION BY SPECTROSCOPIC TECHNIQUES AS
A QUALITY CONTROL TOOL

A pharmaceutical product has to meet the specifications before release. Proper control of
pharmaceutical production involves determining CQAs that guarantee product quality through more

efficient pharmaceutical manufacturing process-2,

This new approach has been recently achieved by effectively incorporating non-destructive and
non-invasive, fast, and environmentally friendly techniques, such as NIR and Raman, as an
alternative to mainly HPLC or UV-visible techniques at the QC laboratory®*. Furthermore, the
possibility of direct measurements that provide an accurate analysis without sample preparation or

manipulation has positively impacted the expansion of spectroscopic techniques.

The active substance determination at different production process steps, for pharmaceuticals
presented in different physical forms (including granules, powders (of variable granularity), core
tablets, or coated tablets), provides the status process understanding confirming that a specific batch
presents the required quality for release, avoiding the OOS formulations as soon as possible. As a
result, the uniformity of dosage unit specification could be demonstrated if necessary®.

This chapter aims to demonstrate the spectroscopic ability for quantitative analysis of the active
substance at different production steps of two different pharmaceutical solid formulations. The
content was evaluated after tablet coating (for Dexketoprofen Trometamol coated tablet (from now
on DKP-T)) and after direct mixture for a powder formulation (for Sucramal unit-dose sachet

product).

2.1. Instrumentation, Materials, and Methods

This chapter describes the instruments, equipment, and software involved during the development of

the next projects.

2.1.1.V Blender

AV blender for the pilot plant scale from LMSA, V Mix-Lleal, was used to provide a fluid mixing
process of solid/solid during laboratory sample preparation being as representative as possible of the

manufacturing process.

The working volume was established at 50% of the total blender volume, being 16L or 8L. The
dimensions were 195x65mm, and 152x87mm, respectively, for the loaded and unloaded diameters,
of with a mixture velocity between 36-38 r.p.m. Figure 2. 12 shows a representative image of the V

blender.
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The CPP controlled was the blending time, established following the internal LMSA manufacturing

guide for each formulation evaluated, between 10 to 15 min. At the end of the established time, a

level sampling was performed to check the homogeneity of the prepared mix.

Figure 2. 12 V-blender model 16L (Lleal S.A.). Note: adapted from https://www.lleal.com/en/producto/mezclador-en-v/.

2.1.2. Tablet Compression Machine

At the pilot plant scale from LMSA, the rotary tablet press RONCHI AM 13/8 was used for DKP-T

cores laboratory production. The equipment was supplied in the 8 punches version.

Figure 2. 13 Compression machine RONCHI AM 13/8. Note: adapted from https://www.equipnet.com/es/tableteadora-
ronchi-am-13-8-listid-843636/.

The compression process was divided into three main steps (see Figure 2. 14):

-First step: the lower punch descends into the die, giving rise to a cavity in which the granules
will flow by gravity from the hopper throughout the feeder system. The depth of the lower punch
in the die will determine the volume of the compression chamber and therefore the final tablet

weight. The tablet’s thickness and size are also determined.
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-Second step: an application of force, either by the upper punch or by both punches, exerting the
necessary pressure on the particles to give rise to a tablet. This step determines the hardness of

the tablet.

-Third step: the ascent of the upper and lower punch so that the tablet reaches the matrix and is

ejected.

Upper punch
A

11 11 1l 11 11 Dic cavity

1. Filling . .
= 3. Discharging

\ 2. Compression /
I

Lower punch

Figure 2. 14 Tablet compression flow. Note: adapted from https://www.saintytec.com/tablet-compression-machine-parts/.

The selected CPPs were manually adjusted to achieve the optimal physical core characteristics:
volume of the compression chamber, compression force, and tablet velocity production which was
established at the minimum level. The physical characteristics of the final DKP-T core evaluated are

shown in Table 2. 1. The appearance of the core was also considered.

Table 2. 1. Specifications for the physical characteristics of the DKP-T cores.

Physical Characteristic Specification
Weight (mg/core) 279-241
Thickness (mm) 3.0-34
Hardness (internal LMSA limit) (kp) 4.5-8.0

2.1.3. Coating Machine
The MyLab Automatic Coating System 6 L perforated pan was used for DKP-T tablet coating (see

Figure 2. 15) at the A. Menarini Manufacturer Logistics and Services at Florence (from now on

AMMLS FI), aimed at replicating the industrial scale manufacturing process as much as possible.
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Figure 2. 15 MyL ab automatic coating pan system. Note: adapted from https://ima.it/pharma/machine/mylab/.
The working volume was established at 50% of the drum capacity. The manufacturing method
involved was adapted to the AMMLS galenic laboratory equipment and verified with two previous
feasibility trials. The selected CPPs are reported in Table 2. 2.

Table 2. 2 CPP for coating process monitoring for DKP-T tablets.

CPP Optimal Value
Coating suspension spraying time (min) 30
Drying time (min) 5
Air IN temp range (°C) 45-55
Flow air IN (m¥h) 200
Pan pressure (Pa) -30
3 (cores heating)
Pan speed (r.p.m) 10-12 (spraying phase)
2 (cooling)
Atomization pressure (bar) 0.7
Spraying angle pressure (bar) 0.8
38-40

Cores temperature range (°C) 20-25 (during cooling)

Pump flow range (mL/min) 5-15

The strategy followed for the spraying and coating process was established as follows:

e Coating suspension preparation following the internal LMSA methodology.
o Weight 200 cores before the coating process starts.

e Spray the proper coating suspension amount on the cores inside the pan, evaluating the CPPs.
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e Monitor the coating process by weighing the coated tablets after 10 and 20 minutes of
spraying.

e Weight 50 tablets at the end of the coating process, determining the final weight gain to
evaluate some of the physical specifications of the final tablet (weight, thickness, and
hardness). See Table 2. 3.

Table 2. 3. Specifications for the physical characteristics of the DKP-T tablets.

Physical Characteristic Specification
Weight (mg/tablet) 260-270
Thickness (mm) 3.0-3.6
Hardness (internal LMSA limit) (kp) 4.0-7.5

2.1.4. Near-Infrared Spectroscopy

The FT-NIR MPA 11 benchtop spectrometer (Bruker Optics) located at the LMSA was used for data
collection. The instrument is configured with an InGaAs photodiode detector. Spectra were acquired

in reflectance mode. A wavelength range between 11550 and 3950 cm™ was involved.
The instrument was daily qualified and maintained under a cGMP environment.

The spectra acquisition was followed using different strategies depending on the sample properties

(for cores or tablets, and powder samples). See chapters 2.2.2.2.3.,2.2.3.3, and 2.3.2.3.

2.1.5. Raman Spectroscopy

The TRS100 benchtop (Agilent, Oxford) located at Agilent Technologies, Harwell, was used during
a collaboration trip for cores and tablet data collection. The instrument was adapted with a specific
tablet tray allowing the measurement of eighty samples per run (see Figure 2. 16). Transmission
Raman technology was involved. The instrument presents a laser power of 650 nm and a laser
wavelength of 830 nm specifically for pharmaceutical samples considering the balance between
signal level, and competing fluorescence. The illumination spot size was established at 2 mm. The
entire content was analyzed through >10 mm of sample thick. The interval range includes from 50

to 2500 cm'*. See chapters 2.2.2.2.3., and 2.2.3.3.

The instrument was daily qualified and maintained under a cGMP environment using polystyrene,

green glass, and a mercury argon light source as calibration standards.
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Figure 2. 16 Left) TRS100 Raman instrument. Right) specific tablet accessory for DKP-T tablets.

2.1.6. Sample Preparation Strategy

A calibration and validation set were included for chemometric model construction®. Both have to
include the variability sources that potentially affect the NIR and/or Raman spectra’. The controllable
factors are the active substance content as well as the active substance manufacturer. Other
uncontrollable factors can affect the spectra, such as water content, particle size, thickness, hardness,
and coating performance. To take them into account, production samples were used and accurately
selected to include these factors inside the expected variability and include as much variance as
possible from the manufacturing process (including, as far as possible, different SM batches,
expected physical variability, manufacturing process developed by different operators, and involved,

if possible, different manufacturing machines).

The strategy for constructing the calibration and validation set consisted of manufacturing laboratory
samples, obtained by doping the production samples by under and overdosing with a direct mixture
of placebo and active substance, respectively®. The objective was to expand the active substance
concentration from 70 to 130% relative to the nominal value including the acceptance specification

intervals for the active substance content®.

The mixture design strategy was used for placebo preparation. The objective was to expand the
variability of the excipient around the acceptance interval for the specified concentration range.
Different scenarios were obtained depending on the evaluated formulation. The prepared placebos

were assigned randomly for laboratory sample preparation.

As far as possible, the SM involved in the preparation of the placebo included in the preparation of
the calibration and validation laboratory samples were independent and were prepared on different
days®, depending on the frequency of arrival of the different batches of the included SM. In addition,

the production batches included in each sample set were also independent.

The strategy followed for the preparation of the sample set of DKP-T tablets included, after the
preparation of the laboratory mixture in the studied concentration range, the preparation of cores,

and later of synthetic coated tablets with a pilot plant machine®.
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2.1.7. Software

The OPUS software version 8.2 was used for NIR instrument management, spectra acquisition, and

chemometric modelling.

The Agilent ContentQC analysis was used as management software for the Raman instrument.
Eigenvector Solo chemometrics engine was used as a development software for chemometric Raman

modelling.

2.2. Develop a NIRS Procedure for Identifying and Qualifying a Coated
Tablet Bulk Product and Quantifying the Assay for the Content
Uniformity Test

The interest in the pharmaceutical industry in implementing rapid analytical techniques, to reach
production in a PAT environment, is evident in the corporate project started at the end of 2017,
which, given the knowledge acquired by LMSA, is the coordinator of the NIR implementation part.

This project consists of three phases:

1. Implementation of NIR and Raman spectroscopies in the QC laboratories for the
determination of the CQA active substance concentration for unit-dosage forms, for content
uniformity analysis (considering tablets, capsules, or granules in sachets).

2. Implementation of NIR and Raman spectroscopies in production lines (PAT environment).

3. QbD and real-time release testing (from now on RTRT) implementation.

Initially, a technical and productive risk analysis was carried out, which served as the basis for
selecting the three drugs with which the NIR and Raman methods will be developed for the routine
determination of CQAs in the bulk product.

This study aims to summarize the development and validation of qualitative and quantitative analysis

procedures for the selected pharmaceutical products involving NIR and Raman techniques.

2.2.1. Studies Previously Developed

Measurements were optimized and carried out for the candidate medicines, selected by the different
manufacturing plants of the Menarini Group attached to the project (Badalona, Berlin, Dresden,
Florence, and L'Aquila). These measurements were made by NIR in the analytical development
facilities that Bruker has in Ettlingen (Germany), using a NIR MPA 11 equipment (Bruker Optics),
led by the Italian QC department. As a result, three pharmaceutical products were selected as
candidates: bilastine, atorvastatin tablets (both manufactured at the L’ Aquila Menarini plant), and

DKP-T tablets (manufactured at the LMSA plant).
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Quantitative NIR and Raman procedures were properly developed for the Bilastine tablet bulk
product’®. Scientific advice was sent to regulatory authorities. They proposed to demonstrate

scientific evidence of the robustness of the procedures presented.

2.2.2. Dexketoprofen Trometamol 25mg Tablet Product

This section contains the evaluation of the composition and the manufacturing process for the DKP-T
25mg coated tablet product. The effect of each evaluated factor on the NIR and Raman was
determined using a risk analysis as a tool. Furthermore, a proper calibration and validation set are
presented based on a DoE. Finally, the development, optimization, and validation of both NIR and
Raman spectroscopic procedures are presented to properly identify the DKP-T 25mg coated tablet
product and correctly quantify the CQA of interest (active substance content for content uniformity

analysis).

2.2.2.1.Composition and Manufacturing Process

The DKP-T tablet 25 mg is a film-coated tablet with an active substance concentration of about 9.4%
(w/w). It is a round biconvex tablet with equally scored faces. The composition of the cores and the
coated tablets for DKP-T are shown in Table 2. 4. Two different suppliers are nowadays authorized
for the active substance (from now abbreviated as Al and A2) and only one authorized supplier for

each included excipient.

Table 2. 4 DKP-T composition for cores and coated tablets.

Description Content per tablet (mg) manu f;:c(t)lr}:}i)r?gSig)orrr]nﬁa (mg)
DKP-T 36.9 36.9
Glycerol distearate T-I 5.20 5.20
Sodium starch glycolate type A 27.1 27.1
Core Corn starch 49.6 54.2%*
Microcrystalline cellulose, 50pum 141 143**
Purified water - 200
Core weight 260 260
Propylene glycol 0.420 0.440***
Coated | Dry lacquer 2.30 2.42%**
tablet | pyrified water - 17.8
Coated weight 262.7 262.7
**Qverages due to the loss of water. Purified water is a component that disappears during the
manufacturing process.
***Qverages due to the loss of process.
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DKP-T coated tablets 25 mg manufacturing process includes five-unit operations: granulation, dying,

mixing, compression, and coating. The detailed flowchart is summarized in Figure 2. 17.
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Figure 2. 17 Manufacturing LMSA process of DKP-T coated tablets 25mg.

2.2.2.2.Materials and Methods

This chapter describes the materials and methods involved during the project development.

2.2.2.2.1. Calibration and Validation Data Sets for Spectroscopic Qualitative
Analysis

The samples involved in calibration and validation for the identification and qualification analysis

for the DKP-T 25 mg tablet were manufacturing batches (from now on abbreviated as MB), including
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cores and tablets, formulation excipients, powdered prepared placebos (see Table 2. 6), and a product
that was formulated with the same active substance. The samples are detailed in Table 2. 5. For the
Raman development procedure, only the excipients considered to be the majority were included, with

a contribution to the formulation greater than 5%.

Table 2. 5 Calibration and validation sets for identification analysis.

Description Justification

Calibration and external validation set. Included for specificity
evaluation due to the absence of a coating agent

DKP-T 25 mg cores

Calibration and external validations set. Included for specificity and
robustness evaluation. Target product

Calibration and external validation set. Included for specificity
evaluation. Target product without the presence of the excipients

DKP-T 25 mg tablets

DKP-T

Calibration and external validation set. Included for specificity

Corn starch evaluation. Majority excipient

Calibration and external validation set. Included for specificity

Glycerol distearate T-1 evaluation. Minority excipient

Calibration and external validation set. Included for specificity

Microcrystalline cellulose, 50pum evaluation. Majority excipient

Calibration and external validation set. Included for specificity
Prepared placebo (powder) evaluation. Target product without the presence of the active
substance

Calibration and external validation set. Included for specificity
evaluation. Minority excipient

Sodium starch glycolate type A

2.2.2.2.2. Calibration and Validation Data Sets for Spectroscopic
Quantitative Analysis

Laboratory samples were prepared for the calibration and the validation data sets following the
strategy of under and overdose production samples after the granulation and the final mixing step.
Seven concentration levels were included between the expanded range: 70, 85, 100, 115, and 130, as
well as 95 and 105%, assigned as the acceptance intervals for the active substance content. Using
mixture design, five placebos were prepared to expand the excipient variability from the final DKP-T
mixture to around 5%. The strategy followed was to modify around 5% of the composition for those
considered majority (nominal value higher than 5%), from the nominal value of placebo composition;
corn starch, microcrystalline cellulose, and a mixture from sodium starch glycolate type A, and
glycerol distearate T-I reducing as much as possible correlations between formulation components
(see Table 2. 6). A total amount of 3.5 kg for each placebo was prepared to be able to use the pilot

plant compression and coating machines.
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Table 2. 6 Content of each excipient for 3.5 kg of each placebo. Expanded excipient variability around 5% from nominal
value from those considered majorities.

Corn starch | Glycerol distearate Microcrystalline Sodium starch glycolate | Placebo
(%, wiw) T-1 (%, wiw) cellulose, 50um (%, w/w) type A (%, wiw) code
21.12 2.21 65.13 11.54 1
23.35 2.21 62.90 11.54 2
21.12 245 63.68 12.75 3
23.35 245 61.46 12.75 4
22.23 2.33 63.29 12.14 5

The calibration set included initially 12 prepared laboratory samples and two MB at the nominal
value of the active substance. A total amount of 1.5 kg for each concentration level was prepared to
be able to use the pilot plant compression and coating machines. At least four different batches were
included, two batches for each homologated active substance manufacturer (assigned from Bl to
B4). The prepared placebos were assigned randomly, expanding the variability from 95 to 107% for
all concentration levels.

To capture as much variance as possible, batches from the manufacturing process were selected
carefully (including, as far as possible, different SM batches, expected physical variability,
granulated by different operators, and compressed with different tableting machines). The structure
of the prepared samples is summarised in Table 2. 7.

Table 2. 7 Calibration set for the quantitative analysis of DKP-T tablets 25 mg.

Co;; (\:/iTt(zzt)lon Number of tablets | Placebo code ACt'ZSS;ﬁZtrance Agglt\éisxfﬁ;cggrce
70 10 4 - -
85 10 3 - -
95 10 2 - -

100 MB 10 - Al B2
105 10 - Al Bl
115 10 - Al B2
130 10 - Al B1
70 10 1 - -
85 10 2 - -
95 10 5 - -

100 MB 10 - A2 B3
105 10 - A2 B4
115 10 - A2 B3
130 10 - A2 B4
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Once the samples were mixed the final blend was compressed in the pilot plant and the core tablets
were coated. 140 tablets were analyzed individually, 10 tablets per concentration level, considering

each tablet’s face.

The prepared placebos and the active substance batches involved in the validation set were
completely independent of the calibration set. The placebos were prepared from different batches
and on different days following® the composition shown in Table 2. 6. The validation set included
initially 12 laboratory samples and 2 MB at the nominal value of the active substance, completely
independent from the calibration set. At least four batches were included, ideally two different
batches for each homologated active substance manufacturer (assigned from B5 to B8). This strategy
expanded the placebo variability between 95 and 107% for all concentration levels. The structure of
the prepared samples is summarized in Table 2. 8.

Table 2. 8 Validation set for the quantitative analysis for DKP-T 25 mg tablets.

Colr; ?/i?t(';zt)'on Number of tablets Placebo code Actlzssglti):l;ance Ag:t\éisﬁl?éfggrce
70 10 2 - -
85 10 1 - -
95 30 3 - -

100 MB 30 - Al B5
105 30 - Al B6
115 10 - Al B5
130 10 - Al B6
70 10 5 - -
85 10 4 - -
95 30 1 - -

100 MB 30 - A2 B8
105 30 - A2 B7
115 10 - A2 B8
130 10 - A2 B7

Once the samples were mixed the final blend was compressed in the pilot plant and the core tablets
were coated. 260 tablets were tested individually, 30 for the samples in the assigned acceptance range

for the active substance content, and 10 for the rest, considering each tablet’s face.

2.2.2.2.3. Instrumentation and Software

The FT-NIR MPA 1l (Bruker Optics, USA) instrument was coupled with an integration sphere
adapted with a sample wheel measurement module of 30 positions for spectra acquisition. For
laboratory-prepared samples, a specific spectral acquisition tablet holding device was used to

measure a 2-mm diameter sample (see Figure 2. 18). Therefore, for MB was necessary to measure
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the tablet spectra through a glass vial to reduce the travel distance of the light beam and increase the
sample diameter from 2 mm to 12.5 mm. Each spectrum was recorded with 32 scans and 16 cm™? of

resolution.

Figure 2. 18 Sample wheel accessory of 30 positions for laboratory-prepared tablets measurement using the FT-NIR
MPA 1l instrument.

The TRS100 instrument was used for Raman data acquisition. The instrument and its related measure

parameters are described in Table 2. 9.

Table 2. 9 RAMAN instrument configuration.

Parameter Specification
Model Analyzer TRS100 Raman
Software for data acquisition Agilent ContentQC
Acquisition Method External Transmission
Laser power (W) 0.65
Beam size (mm) 2
Accumulations 125 or 100
Exposure (secs) 0.40r05
Total scanning time (secs) 50
Software for data modelling Solo Interface from Eigenvector Research

The UV-visible technique was used following the internal procedure as a reference method. The

methodology and the related measures parameters were described in Table 2. 10.

Table 2. 10 UV-visible instrument configuration.

Parameter Specification
Sampling accessory 1 cm cuvette
Solvent 1:3 H,O/MeOH
Wavelength Interval 210-400 nm
Maximum Absorbance 258 nm

As a result, the active substance content for each analyzed sample was calculated as shown in

Equation 2 19.
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mg _ Abs x(100 — R)xF
tablet 662

Active substance content

Abs: absorbance of the problem solution at 258 nm.

A1 (the absorbance of a 1% (w/v) solution in a 1 cm cell) from ketoprofen: 662.

F: quantification factor being 250.
R: percentage of the isomer R (-) ketoprofen.

Equation 2 19.

2.2.2.3.Risk Assessment

The Ishikawa diagram was used as a starting point for risk analysis to detect possible causes affecting

the method development. See Figure 2. 19.

Material Process
. Tableting
DKP-T API Grﬁulat;on “Weight
‘ *Manufacturer .P;El;lg?ii?r *Thickness
*Crystallinity ST *Hardness
> *Humidity R
Excipients Cq.:)atmg'
*Manufacturer +*Coating
*Physical characteristics
*Fluorescence (Raman)
Calibration and Tabletting machine
Validation set *Different compression
*Representativeness performance N
*Homogeneity
Laboratory samples Equipment

Figure 2. 19 Ishikawa diagram for DKP-T coated tablets 25mg.

Materials
DKP-T (active substance):

e Manufacturer: two manufacturers are homologated.

NIR and Raman method
development

e Crystallinity: DKP becomes a mix of two crystalline forms during the granulation process.

Excipients:

e Manufacturers: for all excipients, except for sodium starch glycolate type A one

manufactured is homologated. The two manufacturers of sodium starch glycolate type A are

used indistinctly

e Physical characteristics: the effect of the initial physical characteristics such as particle size

or water content is not important once the product is granulated.

e Fluorescence: microcrystalline cellulose shows a high fluorescence on the Raman technique.
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Laboratory samples

Calibration and validation set development. Equivalent and homogeneous laboratory samples have

to be achieved to guarantee process representativeness.

Equipment

Tableting machine: two tableting machines are suitable to compress DKP-T tablets. The compression
performance between them should be equivalent. The performance directly impacts tablet weight,
thickness, and hardness. If the compression between machines is not equivalent, commercial batches

from each one should be included in the calibration and validation set.
Process

e Granulation: DKP-T is transformed into a mix of two crystalline forms. It is assumed that
this variability will be included in the calibration and validation set with production samples.

e Tabletting: the pressure of compaction will affect tablet thickness and hardness. It is assumed
that these differences will be included in the calibration and validation set with production
samples.

e Coating: the coating will affect the NIR and Raman spectra; process differences will be

assumed in the calibration and validation set with production samples.

As a result, the main areas of the DKP-T coated tablets manufacturing process as well as calibration
and validation set development were investigated to find the probable risk factors that might cause
the failure of the development of the active substance content quantification method based on NIR

and Raman spectroscopy. The severity ranking used is shown in Table 2. 11.

Table 2. 11 Severity ranking.

Wrong model detected after regulatory application (or not detected at all)

Wrong model detected before the regulatory application

Wrong model detected during the development phase

Medium - — —
Reworking of calibration/validation sets

Issues on acquisition of spectra

R IN W ||l O®

None effects

The cause and effect risk analysis for DKP-T 25 mg tablets is detailed in Table 2. 12.
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Table 2. 12 Cause and effect risk analysis for the DKP-T 25 mg tablets manufacturing.

Cause Rank Effect Mitigation
Material . .
DKP-T active None expectgd. The active su_bstance _For practical purposes, the _
substance 1 becomes a mix of polymorphic forms | equivalence between polymorphic
) during the granulation process forms is verified
Crystallinity
Material Medium risk expected. Two
DKP-T active 3 manufacturers are homologated. Two manufacturers were included
substance. Differences in NIR and Raman in the calibration and validation set
Manufacturer spectra
. None expected. For all excipients, The two manufacturers of sodium
Material -
- except for sodium starch glycolate starch glycolate type A were
Excipients. 1 - . .
type A one manufactured is included with the MB. Both are
Manufacturer A
homologated used indistinctly
Material None expect_ed_. The initial physical
- characteristics of the granular
Excipients. 1 . . , - Does not apply
- . excipients don’t affect the final
Physical properties . .
particle size or water content
. . . Select the appropriate spectral range
M"’.‘t?”al 4 Medium risk expected for Raman. during the procedure development
Excipients. Interference in the spectrum
. . as well as the correct pre-treatment.
Microcrystalline
cellulose fluorescence 1 None is expected for NIR. Does not apply.
Laboratory samples Each laboratory step to obtain the
N Heterogeneous laboratory samples or . il
Calibration and ) galenic tablets was verified
A 4 non-equivalent laboratory tablets . . .
validation set involving validated
from produced ones : :
development physicochemical assays
Differences in NIR and Raman Expected variability introduced on
Equipment spectra due to differences in pressure the calibration and validation set
. . 2 . . .
Tableting machine performance of each piece of with commercial batches
compression equipment manufactured with both machines
Medium risk expected. The active Expecte_d Va.”ab'“ty intr odL_Jced on
Process ; the calibration and validation set
. substance becomes a mix of . -
Wet granulation. 3 . . . with production samples. A
. crystalline forms. Differences in NIR S
Crystallinity preliminary study was conducted to
and Raman spectra
compare MB spectra
1 Low risk. Particle size could have a Expected variability introduced
p low effect on the Raman spectrum with MB
rocess
Wet granulation. . . . . o
Particle size Medium risk. The particle size hasa | Expected variability introduced on
4 huge effect on the NIR spectrum the calibration and validation set
(scattering effect). with MB
Process None expected. Water content doesn’t
1 Does not apply

Wet granulation.

affect the Raman spectrum
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Table 2. 12 Cause and effect risk analysis for the DKP-T 25 mg tablets manufacturing.

Cause Rank Effect Mitigation
Humidity . . . . Expected variability introduced on
4 Medium risk. NIR s very sensitive to the calibration and validation set
water content .
with MB
Procgss Medium risk expected. Differences in The variability is introduced on the
Tableting. the NIR and Raman spectra due to L s h
. 3 . . ) calibration and validation set with
Thickness and differences in tablet thickness and
MB
hardness hardness
Differences in the Raman spectrum . L
3 . . X with MB. A preliminary study was
due to differences in coating
conducted to compare spectra for
performance cores and tablets
Process
Coating Expected variability introduced on
Low risk expected for NIR. the calibration and validation set
2 Differences in NIR spectrum due to with MB. A preliminary study was
differences in coating performance conducted to compare spectra for
cores and tablets

2.2.2.4.Investigation of the Coating Effect to the NIR and Raman Spectra

Physical and chemical factors must be controlled during the production process of a pharmaceutical
drug due to its influence on its quality. The last step during the production of DKP-T 25 mg coated
tablets involves coating with a thin lacquer containing polymers. The coating introduces two new
chemical compounds in the formulation, increasing the weight of the 25 mg tablet by approximately
1%. The coating variable could have some effect on the NIR as well as the Raman spectrum for the
sample of interest, therefore, it must be evaluated to be considered during the development of a
multivariate calibration model to determine the active substance concentration (for content

uniformity analysis).

The strategy followed to carry out this investigation is the next one: to capture as much variance as
possible, three different batches from the manufacturing process were selected carefully. The sample

set includes uncoated and coated tablets.

The spectra from sixty tablets were acquired individually with NIR and Raman instruments (see
Table 2. 13. Then an exploratory analysis based on PCA was developed to extract the information

from the obtained spectra.
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Table 2. 13 Sample set for evaluation effect of the coating.

Batch sample Active substance content (%) Type of sample Number of tablets
Uncoated 10
MB-A 100
Coated 10
Uncoated 10
MB-B 100
Coated 10
Uncoated 10
MB-C 100
Coated 10

For NIR analysis a cluster trend was observed along the second PC in the scores plot after reducing

the scattering effect by applying vector normalization as data pre-treatment. However, there was no

specific absorbance band related to the presence coating agent (see Figure 2. 20).
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Figure 2. 20 Left) Spectral data in the reflection mode for core and tablets of DKP-T. Right) Scores plot for the PCA
analysis for core and tablets of DKP-T.

The pre-treated spectra for the excipients included in the formulation for the coating show the same

spectra profile as the second LV in the loading graph, confirming the cluster trend (see Figure 2. 21).
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Figure 2. 21 Left) Loading graph for the significant PCs. Right) Pre-treated spectra for the majority formulation
components of DKP-T tablets. Marked arrows for the coating spectra profile detection.
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For Raman analysis blooming phenomena occurred due to the presence of Microcrystalline Cellulose

as the main excipient in the pharmaceutical formulation (see Figure 2. 22).

The preliminary study shows a set apart within MB for cores and tablets depending on the coating

below 200 cm™. A cluster trend through the PC3 was observed based on the presence of the TiO>

included in the dry lacquer (see Figure 2. 23).
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Figure 2. 22 Transmission Raman spectra for cores and tablets. Left) Raw data included. Right) Baseline correction and

vector normalization were applied as spectra pre-treatment. Raman shift included from 45 to 350 cm™.
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Figure 2. 23 Left) Scores plot for PCA analysis of cores and tablets. Right) Loading plot for the significant PCs for the
exploratory analysis. Baseline correction and vector normalization were applied as spectra pre-treatment. Raman shift
included from 45 to 350 cm™.

As a result, the calibration and validation data set were constructed with DKP-T laboratory and

production tablets to include the variability related to the coating process.

2.2.2.5.Exploratory Analysis. Investigation of the Effect of the Active
Substance Polymorphism on the Chemometric Raman Model

Raman spectroscopy is a useful technique for crystal structure characterization. Structural

information for polymorphs can be achieved due to the different crystal packing forms and as a result,
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different molecular vibrations. The crystal polymorphism contribution in Raman spectra was
evaluated. A previous study demonstrates the presence of a mixture of polymorphic forms for DKP-T
active substance after the manufacturing process (polymorph A and B)!!2, The effect of the

polymorphic contribution in the Raman spectroscopy is evaluated in this section.

The main bands of the active substance in the transmission range appeared at 1000 cm* and between
1500 and 1600 cm™? without interference with the placebo mostly. When the spectra were
preprocessed with smoothing 21 windows width, baseline correction, and vector normalization, the
spectra of the calibration set were arranged according to their concentration. Those bands were
related to the active substance as can be checked in Figure 2. 24.
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Figure 2. 24 Transmission Raman spectra. Left) Major excipients, placebo, and different active substance suppliers after
baseline correction. Right) Laboratory sample set and MB included for calibration ordered by the active substance
concentration after smoothing 21 windows width, baseline correction, and vector normalization.

The scores plot for the PCA of the calibration set, including wavenumber range from 979 to 1614
cm?, once it was applied smoothing with 15 points of windows width followed by baseline correction
and normalization, showed throughout the PC1 the differences between samples according to the
active substance concentration (see Figure 2. 25). PC2 explained the presence of different
contributions between the polymorphic forms of the active substance at the included MB. This
hypothesis was previously assumed during the MB analysis where the relative intensity between the
characteristic active substance peak at 1000/1600 and 1000/1650 cm™ was different (see Figure 2.
26). To be confirmed, a preliminary RX analysis for 4 different MBs randomly selected was

evaluated®®. Afterward, the hypothesis was confirmed.
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Figure 2. 25 Scores plot for the calibration set including PC1 and PC2. The 98.08 % of the variability is explained.
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Figure 2. 26 Transmission Raman spectra changes depending on the polymorphic form contribution at the different MB
for DKP-T 25 mg tablets.

Despite the polymorphic effect on the Raman spectra, the representativeness of the polymorphic
distribution for the MB across the sample set along the different concentration ranges was

demonstrated.

As a result, the calibration and the validation data sets were constructed with MB for DKP-T tablets

to include the variability related to the manufacturing process.

2.2.2.6.Results and Discussion

This section presents the procedure development and validation for DKP-T 25mg tablets involving

NIR and Raman spectroscopies.
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2.2.2.6.1. Qualitative and Quantitative NIRS Procedures. Development and

Validation

A PLS model was calculated for the active substance content of the DKP-T 25mg tablet allowing a
linear relationship between the NIR spectra and the reference UV-visible values. Different PLS
models were calculated. The strategy of leave-one-out cross-validation was used to optimize the

model parameters. The figures of merit for the chemometric model development are shown in Table

2.14.

Table 2. 14 Figures of merit for the chemometric model development of the active substance quantification by NIR

spectroscopy for DKP-T 25mg tablet.

Parameter

PLS for active substance quantification

Number of samples included
(laboratory samples and MB)

260 individual tablets (120 laboratory samples/ 140 MB)

Acquisition mode

Diffuse reflectance

Spectral pre-treatment

First derivative S-G with a window width of 5 points followed by
vector normalization

Working range (cm)

9672-8168, 6488-5289, and 4920-4616

PLS factors 4
Explained variance (%0) 94.5
Regression Y uv-visible VS. Y Raman

slope 0.91
Y-intercept 9.37
RMSEC/RMSECYV (%) 3.7/3.96

A total of 260 individual tablets were included, of which 120 were prepared in the laboratory by the

strategy of under and over-dosage of the manufacturing DKP-T granules and 140 belonged to MB.

The pre-treatment selected was the first derivative with a window width of 4 points followed by

vector normalization. The working ranges included were from 9672-8168, 6488-5289, and 4920-

4616 cm™.

Once the PLS was calculated the number of LV selected were 4, using as support information the

graphic of RMSECV against the number of factors. During the model calculation, outlier spectra

were found since the reference value was too low than the predicted value, so they were excluded.

The external validation was done with the validation set, including MB completely independent of
the calibration set for model calculation®®. The regression plot of predicted active substance content
vs. the reference values for the external validation set is shown in Figure 2. 27. This figure includes

the determination coefficient of the straight line as well the RMSEP and bias. Moreover, the scores

plot for calibration and external validation set is shown in the same figure.
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Figure 2. 27 Up) Predicted vs. reference values for the external validation set. Down) Scores plot for external validation
set including first and second principal components.

The validation of specificity, linearity, accuracy, precision, and robustness was demonstrated

following the specific guidelines®®!4, The figures of merit are shown in Table 2. 15.

Table 2. 15 Figures of merit for the validation quantitative procedure for DKP-T 25mg tablet by NIRS.

Parameter Results

-The main peaks of the active substance were presented in the PLS factors.

-Final product library developed based on a sub-cascading spectral strategy for the
calibration set, allowing the unequivocal identification of each group of samples included
in the library (see Figure 2. 29)

-MD was automatically evaluated for each included sample (see Figure 2. 30) as a
threshold of similarity within samples

Specificity

200 individual tablets (120
laboratory samples/80 MB)

Range (%) 65.87-133.0
Explained variance (%) 95.0
y-intercept + IC (0=0.05)
Linearity including 0

Slope + IC (¢=0.05)
including 1

R>0.95 0.968

The residuals between the reference UV-visible and the NIR method did not show any
trend regarding concentration levels (see Figure 2. 28)

Num. of samples

2.87 + [-0.066:5.77]

0.973 + [0.94:1.00]

200 individual tablets (120

Accuracy Number of samples laboratory samples/80 MB)

133



_ PART I1I-RESULTS AND DISCUSSION

Table 2. 15 Figures of merit for the validation quantitative procedure for DKP-T 25mg tablet by NIRS.

than 5%

Parameter Results
Paired t-test (two tiles): t-calculated: 0.99
t-calculated lower than t-tabulated t-tabulated: 1.97
p-value higher than 0.05 p-value: 0.32
RMSEP (%) 2.94

. SEP<1.4SEL 2.94<1.4x3.04

Precision — -

Validation bias value close to 0 -0.17
Repeatability RSD (%) for 10 measures of the same sample less 29

Intermediate

One-way ANOVA factor (day):
p-value higher than 0.05

F-calculated: 2.46
F-tabulated: 3.35

Predicted value (%, (w/w))

Precision
F-calculated lower than the F-tabulated p-value: 0.10
Number of samples 1060 individual tablets (106 MB)
Robustness Paired t-test (two tiles): t-calculated: 0.03
t-calculated lower than t-tabulated t-tabulated: 1.98
p-value higher than 0.05 p-value: 0.97
. — UAL :7.05
Centre line (CL), x UWL: 4.70
C'\zggeoll Upper and Lower action limits (UAL/LAL), £3c < 0'061
Performance gppedr and L(_);Nerlwarnlng limits (UWL, LWL), +20 LWL - -4.70
ased on residuals LAL --7.05
'R X)
L2 L 2 *
S +3 F R
.-9 T 9 T 1
g 120 * 130 140

*

Figure 2. 28 Residuals plot for the external validation set ordered by concentration level for the NIR model

The specificity was tested considering the internal validation for the spectral library including the

calibration spectra, based on the sub-cascading spectral library strategy. Each spectrum was used for

calibration and internal validation. The internal validation showed that all calibration spectra belong

to each assigned group of each SM and there were no ambiguities during the calibration

identification. The reference libraries were validated by checking that the external spectra (referred

to as the validation set) were correctly and unambiguously identified. The correct identification for

the spectral library was guaranteed to assure the quality of the results when the amount of active

substance will be calculated using the chemometric model developed. The library structure is shown

in Figure 2. 29. At the first level all the SM were included. The ones with an ambiguous qualification
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were included in a sub-library at the second level (the active substance and the cores and tablets for
DKP-T 25 mg). In the end, a third-level sub-library was necessary to unambiguously qualify both

cores and tablets.

2D S-G &
vector
normalization
(5 smoothing
points) 7392-

2D S-G &
vector
normalization
(9 smoothing
points) 8176-

2DS-G &
vector
normalization
(5 smoothing

oints) 11536-
Spectral 3952 cmt 4152 cm! P 3962) cm
Library I Second Level I Third Level p———
First Level

Figure 2. 29 Sub-cascading spectral library structure for DKP-T 25 mg tablets unequivocally identification.
Moreover, during the model validation, the MD was automatically calculated. This is a statistics
useful spectral quality test to detect spectral outliers. The limit was fixed by the software at 0.055.
Those new samples with lower MD than the critical value was considered spectrally similar to the
calibration set, so the predicted values obtained were reliable. Whereas when the distance calculated
was higher than the critical one, it meant that the spectrum of the new sample presented some
differences regarding the calibration set, so the predicted value could be affected by this feature. As

can be seen in Figure 2. 30 no outliers were detected.

& 0% 0.055
@ 85% 0.05
@ 95 % 0.045
<& MB 0.04
© 105 % 0.035
& 115% 0.03
@ 130 % 0.025 —
0.02+
0.0151 i
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0 U_U[H 0_003 00056 0007 0009 0011 0013 0015

Figure 2. 30 Scatter plot for MD for each included sample into the validation set of DKP-T 25mg tablet.

2.2.2.6.2. Raman Spectroscopy Procedure. Development and Validation

A PLS model was calculated for the active substance content of the DKP-T 25mg tablet allowing a
linear relationship between the Raman spectra and the reference UV-visible values. Different PLS
models were calculated. The strategy of leave-one-out cross-validation was used to optimize the

model parameters. The figures of merit for the model development are shown in Table 2. 16.
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Table 2. 16 Figures of merit for the model development of the active substance quantification by Raman spectroscopy for

DKP-T 25mg tablet.

Parameter

PLS for active substance quantification

Number of samples included
(laboratory samples and MB)

140 individual tablets (120 laboratory samples/20 MB)

Acquisition method

Transmission

Spectral pre-treatment

Smoothing with a window width of 15 points followed by
baseline correction by an automatic weighted least square
second order, and normalization

Working range (cm™) 979-1614
PLS factors 3
Explained variance (%) 98.63
Regression Y uv-visible VS. Y Raman

slope 2.05
Y-intercept 0.98
RMSEC/RMSECYV (%) 2.65/2.72

A total of 140 individual tablets were included, of which 120 were prepared in the laboratory by the

strategy of under and over-dosage of the manufacturing DKP-T granules and 20 belonged to MB.

The pre-treatment selected was smoothing with a window width of 15 points followed by baseline
correction by an automatic weighted least square second order, and normalization. The working
range included was 979-1614 cm™. The spectral range between 200 and 1700 cm* was not presented
spectral noise. Can be observed as an over-saturation up to around 200 cm™*. This spectral range was
removed for future calculations and analysis. To optimize the model, the strategy of leave-one-out

cross-validation was used.

Once the PLS was calculated the number of LV selected were 3, using as support information the
graphic of RMSECYV against the number of factors.

During the model calculation, outlier spectra were found since the reference value was too low than

the predicted value, so they were excluded.

The external validation was done with the validation set and production samples completely
independent of the calibration set for model calculation®®. The regression plot of predicted active
substance content vs. the reference values for the external validation set is shown in Figure 2. 31.
This figure includes the determination coefficient of the straight line as well the
RMESEC/RMSECV/RMSEP and the bias. Moreover, the scores plot including the calibration and
the external validation sets is shown in the same figure showing a sample trend related with the active

substance concentration.
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Figure 2. 31 Left) Predicted values vs. reference values for the external validation set. Right) Scores plot for calibration
and external validation sets including the two first PCs. The 98.08 % of the total variability is explained in this plot.

The validation of specificity, linearity, accuracy, precision, and robustness were demonstrated

following the specific guidelines®#°, The figures of merit are shown in Table 2. 17.

Table 2. 17 Figures of merit for the validation quantitative procedure for DKP-T 25mg tablet by Raman spectroscopy.

Parameter Results
-The main peaks of the active substance were presented in the PLS loadings
-Final product library developed based on a PLS-DA analysis for the calibration set,
Specificity allowing the unequivocal identification of each group of samples included in the
library evaluating the confusion matrix for the model without the presence of any
false positive or negative results
Number of samoles 140 individual tablets (120
P laboratory samples/20 MB)
Range (%) 65.87-133.0
Explained variance (%) 97.93
. . -int t+ IC (0=0.05) including 0 1.30 £ [-0.13:2.74
Linearity y-intercep (o ) including [ ]
Slope + IC (0=0.05) including 1 0.99 + [0.98:1.00]
R>0.95 0.98
The residuals between the reference UV-visible and the Raman method did not show
any trend regarding concentration levels
(see Figure 2. 32)
Number of samples 140 individual tablets (120
P laboratory samples/20 MB)
A Paired t-test (two tiles): t-calculated: 1.92
ceuracy t-calculated lower than t-tabulated t-tabulated: 1.97
p-value higher than 0.05 p-value: 0.056
RMSEP (%) 1.76
o SEP<1.4SEL 1.76<1.4x3.04
Precision - - — -
Calibration and validation bias value close to 0 -2.841%:1.19
- RSD (%) for 10 measures of the same sample
Repeatability less than 5% 0.85
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Table 2. 17 Figures of merit for the validation quantitative procedure for DKP-T 25mg tablet by Raman spectroscopy.

Parameter Results
. One-way ANOVA factor (day): F-calculated: 1.19
Intermediate . )
Precision p-value higher than 0.05 F-tabulated: 3.35
F-calculated lower than the F-tabulated p-value: 0.32
Number of samples 300 individual tablets (26 MB)
Robustness Paired t-test (two tiles): t-calculated: 1.46
t-calculated lower than t-tabulated t-tabulated: 1.96
p-value higher than 0.05 p-value: 0.14
_ UAL: 3.18
CL: x
UWL: 2.10
Control Model | UAL/LAL, +3¢ % -0.07
Performance UWL/LWL, +26 C
Based on residuals LWL: -2.23
LAL: -3.32
6 .
4 -
§ 2 - $0
S 0 * o
3 560 7
[n'd 2 a"
-4
-6 -
Predicted value (% (w/w))

Figure 2. 32 Residuals plot for the external validation set ordered by the concentration level of the Raman method.

2.2.3. Atorvastatin Film-coated Tablets

Atorvastatin was selected as the third product of interest. This product is manufactured at AMMLS
FL (Italy).

This section presents an evaluation of the composition and the manufacturing method for the product.
Moreover, a risk analysis was developed to understand the factors that can affect the NIR and Raman.
Finally, an exploratory analysis was developed to understand the behaviour of the samples and be
able to establish a proper strategy for the calibration and the validation data sets preparation,

including coating and manufacturing strategy effect on the NIR and Raman spectra.

2.2.3.1.Composition and Manufacturing Process

Atorvastatin product is a film-coated tablet available in four different strengths (10, 20, 40, and 80
mg/tablet). The information described in Table 2. 18 applies to the most frequent manufacture
strengths being 10, 20, and 40 mg/tablet. The relative composition of the formulation is identically
for all strengths. As a result, the desired strength is obtained modified the final tablet weight and size
(see Table 2. 18).
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Table 2. 18 Composition of the Atorvastatin film-coated tablet.

. Content per tablet (mg)
Description

10 mg 20 mg 40 mg

Atorvastatin calcium 10.9 21.7 43.4

Tween 80 0.400 0.800 1.60

Magnesium stearate 0.500 1.00 2.00

Hydroxypropy! cellulose 2.00 4.00 8.00

Core Sodium croscarmellose 6.00 12.0 24.0

Microcrystalline cellulose 50um 20.0 40.0 80.0

Lactose monohydrate 27.2 54.5 109

Calcium carbonate 33.0 66.0 132

Core weight 100 200 400

. Opadry lacquer 3.58 7.15 14.3

Film-coated tablet — -

Silicone emulsion 0.0240 0.0480 0.0960

Nominal target weight for the film-coated tablet 103.6 207.2 414.4

Through the manufacturing process, the powder is granulated by a wet granulation process. As a
result, the dried granulate, after mixing with extra granular excipients, is tabletted to obtain the three
strengths with the appropriate weights. Finally, the cores are film-coated (see Figure 2. 33).

Granulation
-Solution granulation
-High Shear Mixer granulation 1
-High Shear Mixer granulation 2
-Fluid bed drying 1 and 2

-Final mixing
|
| | |

Compresion of 10 mg cores Compresion of 20 mg cores Compresion of 40 mg cores

Round tablet biconvex Round tablet biconvex Round tablet biconvex

Tablet weight 100+2 mg Tablet weight 200+4 mg Tablet weight 400+4 mg

Thickness 2.7+0.4 mm Thickness 4.7+0.4 mm Thickness 5.0+0.4 mm

Hardness 5.6 kp (4.2-7.2 kp) Hardness 9.0 kp (7.0-12 kp) Hardness 12 kp (9.0-15.5 kp)
Coating Coating Coating
Tablet weight 103-104 mg Tablet weight 206-207 mg Tablet weight 412-413 mg

Figure 2. 33 General flow sheet for Atorvastatin film-coated tablet manufacturing process.

2.2.3.2.Samples for Preliminary Investigation

The main strategy for laboratory sample preparation was based on the under and overdose production

samples after the granulation and the final mixing step. Then the samples were compressed at the
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pilot plant. Three concentration levels were included between the expanded range +30%: 70, 100,
and 130. The laboratory sample (from now abbreviated as LB) prepared at the nominal active
substance value includes 70% of granules from the production and 30% of the powder product
mixture at the nominal active substance value. Moreover, cores from MB and cores prepared at the
pilot plant from the granules of the production (referred to as MB-LB) were included. The sample

description is detailed in Table 2. 19.

Table 2. 19 Samples included in the preliminary investigations.

. . Active substance Sample
Manufacturing steps included concentration (%) name
Granulation and compression during the manufacturing process 100 MB
Manufacturlng-granulatlon, dlrect.mlxture by under and overdosage 70. 100, and 130 LB
strategy, and pilot plant compression
Manufacturing granulation and pilot plant compression 100 MB-LB

2.2.3.3.Instrumentation

The FT-NIR MPA 1l equipment (Bruker Optics, USA) was used for NIR spectra acquisition. The
spectra were acquired in diffuse reflectance mode involving a specific tablet accessory for

independent measures. The parameters selected were 32 scans with 16 cm™? of resolution.

The TRS100 instrument (Agilent, Oxford) was used for Raman data acquisition. The instrument and

its related measure parameters are described in Table 2. 20.

Table 2. 20 TRS100 Raman parameters for Atorvastatin product spectra acquisition.

Parameter Specification
Model Analyzer TRS100 Raman
Sampling accessory External Transmission
Laser power (W) 0.65
Beam size (mm) 2
Accumulations 100
Exposure (secs) 2.5
Total exposure (secs) 250
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2.2.3.4.Risk Assessment

An Ishikawa diagram was developed for a cause-and-effect risk analysis (see Figure 2. 34).

Material Process
Atorvastatin Granulation solution Tableting
-Supplier -Humidity -Weight
-Crystallinity - -Thickness
o Granulation -Hardness

Excipients -Particle size

-Supplier -Humidity .

-Fluorescence (Raman Coating

NIR and Raman

method development

»

Calibration and validation Tableting machine
-Different compression

set
performance
-Representativeness
-Homogeneity
Laboratory Equipment
samples

Figure 2. 34 Ishikawa diagram for Atorvastatin film-coated tablet NIR and Raman method development.

A risk mitigation strategy was adopted based on the cause-and-effect analysis which is described in
Table 2. 21. The severity ranking was considered as detailed in Table 2. 11.

Table 2. 21 Cause and effect risk analysis for Atorvastatin film-coated tablet manufacturing.

Cause Rank Effect Mitigation

Comparison of possible active
substance polymorphic transformation
1 None expected during manufacturing by X-ray
analysis. Possible variability will be

included with MB

Material
Active substance

Material . . .
Active substance 1 None expected One manufacturer will be included in
Supplier ) the calibration and validation set.

None expected. For all excipients,
1 only one manufacturer is Does not apply
homologated

Material Excipients.
Supplier

None expected. The initial

physical characteristics of

1 granular excipients don’t affect Does not apply

the final particle size or water
content

Material Excipients.
Physical properties
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Table 2. 21 Cause and effect risk analysis for Atorvastatin film-coated tablet manufacturing.

Cause Rank Effect Mitigation
. - Medium risk expected for Raman. Se! ect the appropriate spectral range
Material Excipients. 4 : during the model development as well
: . Interference in the spectrum
Microcrystalline as the correct data pre-treatment
cellulose. Fluorescence
1 None expected for NIR Does not apply
Laboratory samples Each laboratory step to obtain
Lo Heterogeneous laboratory samples . . .
Calibration and . Atorvastatin galenic tablets will be
o 4 or non-equivalent laboratory PRI . .
validation set verified involving validated
tablets from MB X .
development physicochemical assays
Differences in NIR and Raman The expected variability will be
Equipment 9 spectra due to differences in introduced on the calibration and
Tableting machine pressure performance of each validation set with MB with both
piece of equipment machines
Process Medium risk expected, Active Expected variability will be introduced
- substance becomes a mix of e L
Granulation. 3 lline f it . on the calibration and validation set
Crystallinit crystalline forms. Differences in with production samples
y y NIR and Raman spectra
Low risk. Particle size should Expected variability will be introduced
1 have a low effect on the Raman .
with MB
Process spectrum
Granulation. Particle
size Medium risk. The particle size has | Expected variability will be introduced
4 a huge effect on the NIR spectrum on the calibration and validation set
(scattering effect) with MB
None expected. Water content
1 doesn’t affect the Raman Does not apply
spectrum
Process
Granulation. Humidity . . . Expected variability will be introduced
Medium risk. NIR is very o e
4 . on the calibration and validation set
sensitive to water content :
with MB
Process _Medlum ”.Sk expected. The variability will be introduced on
Tabletting. Thickness 3 Differences in the N!R and the calibration and validation set with
dh : q Raman spectra due to differences MB
and haraness in tablet thickness and hardness
Medium risk expected for Raman Expected vgrlab_lllty will be: mt_roduced
; . . on the calibration and validation set
3 due to differences in coating . S
with MB. A preliminary study was
performance
conducted to compare cores and tablets
Process
Film-coating T
Medium risk expected for NIR Ex_pectgd varlablh_ty |r_1troduced_ on the
. . . calibration and validation set with MB.
3 due to differences in coating L
A preliminary study was conducted to
performance
compare spectra for cores and tablets
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2.2.3.5.Investigation of the Coating Effect to the NIR and Raman Spectra

The strategy followed to carry out this investigation is the next one: to capture as much variance as
possible, three different batches from the manufacturing process at the three strengths were selected
carefully. The sample set includes uncoated and coated tablets. The spectrum from ten tablets was

acquired individually with the NIR, and for five tablets with the Raman equipment (see Table 2. 22).

Table 2. 22 MB for Atorvastatin cores and film-coated tablets at 10, 20, and 40 mg strength.

Batch Strength | Active substance Type of Number of tablets Number of tablets
name (mg) content (%) sample measured by NIRS | measured by Raman
Uncoated 10 5
MB-A 10 100
Coated 10 5
Uncoated 10 5
MB-B 20 100
Coated 10 5
Uncoated 10 5
MB-C 40 100
Coated 10 5

An exploratory analysis based on PCA analysis was developed to extract the information from the

spectra obtained to evaluate the coating effect in the NIR and Raman spectra.

For the NIR spectra, significant differences between cores and film-coated tablets were observed due
to the presence of the 2=Si-OH bond between the wavelength range from 7300 to 4500 cm* included
in the coated agent® (see Figure 2. 35). As a result, the scores of the PCA analysis showed a cluster
trend along the PC1 referred to the coating effect. Moreover, the dosage trend was observed along
the PC2 (see Figure 2. 36).

0,002

=
0,001

Absorbance (Normalization)

0
11536 10944 10336 9784 9288 8784 8288 7792 7288 6792 6288 5792 5296 4792 4296
Wavenumber (cm-1)

—— MB-A Coated = =——— MB-A Uncoated MB-B Uncoated
MB-B Coated =~ =——— MB-C Coated MB-C Uncoated

Figure 2. 35 Diffuse reflectance NIR spectra for Atorvastatin MB considering the three strengths after vector
normalization as data pre-treatment including the range from 11500 to 4000 cm™.
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Figure 2. 36 PC1 vs PC2 for the scores plot for the cores and tablets of Atorvastatin product for the NIR spectra. The
99% of the variability is explained.

For the Raman instrument, the same spectra profile was observed for all the evaluated batches.
Differences in the Raman intensity were observed in the interval range below 200 cm™ (see Figure
2. 37). As a result, the PCA analysis showed a cluster trend along PC1 related to the coating effect
and a cluster trend related with the different levels of the active substance along the PC2 (see Figure
2. 38).

x 10
— MB-A Coated
— MB-A Uncoated
10F —— MB-E Coated
MB-B Uncoated
MB-C Coated
g MB-C Uncoated |7
E - -

Intensity (Baseline correction + %ector normalization)

1 1 | 1 1 1 1 | 1
200 400 GO0 800 1000 1200 1400 1600 1300
Raman shift (cm™®)

Figure 2. 37 Transmission Raman spectra for the Atorvastatin MB including cores and film-coated tablets, for the three
strengths after baseline correction and vector normalization as data pre-treatment including the range from 50 to 1850
cmt,
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Figure 2. 38 Scores plot (PC1 vs PC2) for the cores and film-coated tablets of Atorvastatin product for the Raman
spectra. The 98.53% of the total variability is explained.

As a result, tablets from MB and laboratory scale should be included in the calibration and validation

sets.

2.2.3.6.Investigation of Laboratory Sample Preparation Strategy on NIR and
Raman Spectra

The manufacturing process includes five steps for Atorvastatin film-coated product: granulation and

drying, extra granular mixing, tableting, coating, and packaging (see Figure 2. 33).

The laboratory samples have to be as representative as possible from the MB®. To understand if there
are significant spectral differences between the MB and the laboratory samples prepared by the under

and over-dosage strategy, a preliminary study was developed.

Six different batches were analyzed. For each one ten tablets were analyzed by NIR spectroscopic
technique. Three of these batches correspond to MB at the three studied strengths. The other three
ones were laboratory batches prepared by under and over-dosage strategy including powder placebo

and active substance at the nominal value, from the MB granules (named as MB-LB in Table 2. 19).

The spectra for each sample preparation (compression before fluid-bed granulation (MB) and
compression before fluid-bed + under- and over-dosage strategy for laboratory samples (MB-LB))
exhibited an identical spectra profile (no difference in chemical composition between samples was
apparent); however, the spectra were shifted by the effect of differences in physical properties
between sample preparation processes. High absorbance due to high pressure due to the higher

powder contribution in the tablet with a LB sample preparation®’ (see Figure 2. 39, as an example).
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Figure 2. 39 Diffuse reflectance NIR spectra for the Atorvastatin cores at 40 mg.

There was not possible to evaluate the samples by Raman spectroscopy due to logistic inconvenience.

As a result, the under and overdosage strategies could be used for laboratory sample development.

2.2.3.7.Suitability Study for PLS Modelling by NIR and Raman Spectroscopy

The linearity between the NIR and Raman spectra and the active substance was evaluated. The
strategy followed was the next one: the active substance concentration was expanded between £30%
from the nominal value. The lower and the upper concentration values for the studied range (70 and
130%, respectively) were prepared by the under and upper-dosage strategy, respectively, from the
granulated MB, for each studied strength. Once the mixture was prepared the samples were
compressed, with a process as representative as possible of the production one (named LB in Table
2. 19). As a result, three different concentrations were analyzed per strength. For each sample, ten

cores were analyzed (see Table 2. 23).
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Table 2. 23 Included samples for the suitability study for the PLS modelling by NIR and Raman spectroscopy.

Strength Batch Active substance Type of | Number of tablets Number of tablets
(mg) name concentration (%) | sample | measured by NIRS | measured by Raman

LB-A 70 Uncoated 20 10
MB-A 100 Uncoated 10 5

10 MB-LB-A 100 Uncoated 20 -
LB-A 100 Uncoated 20 10
LB-A 130 Uncoated 20 10
LB-B 70 Uncoated 20 10
MB-B 100 Uncoated 10 5

20 MB-LB-B 100 Uncoated 20 -
LB-B 100 Uncoated 20 10
LB-B 130 Uncoated 20 10
LB-C 70 Uncoated 20 10
MB-C 100 Uncoated 10 5

40 MB-LB-C 100 Uncoated 20 -
LB-C 100 Uncoated 20 10
LB-C 130 Uncoated 20 10

A trend based on the concentration active substance range was achieved for all the strengths before

vector normalization and the second derivative S-G data pre-treatment for NIR spectra (see Figure
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Figure 2. 40 PC1 vs PC2 for the scores plot for the cores and tablets of Atorvastatin product for the NIR spectra. The

83% of the total variability is explained.
A linear relationship based on the active substance concentration range was achieved for all the

strengths (see Figure 2. 41).
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Figure 2. 41 Linear regresion based on PLS analysis for the cores and tablets of Atorvastatin product for the Raman
spectra.

Moreover, for Raman spectra, the same results were achieved after baseline correction, and vector

normalization as data pre-treatment

2.2.4. Conclusions

The application of qualitative analysis using PLS-DA and sub-cascading spectral library for the
identification and qualification by Raman and NIR spectroscopies and the PLS for quantification of
both technique spectra for the DKP-T 25 mg tablets was satisfactorily demonstrated.

Moreover, the preliminary study for the Atorvastatin tablet demonstrates the linear relationship

between NIR and Raman spectra and the active substance concentration.

The design of experiments for the selection of the strategy for sample preparation, the optimization
of the spectral acquisition parameters, and the construction of a representative calibration and

validation set, were essential to guarantee the applicability of the models.

The prediction model ability and the development methodologies for the qualitative and quantitative
analysis were validated considering the guidelines criteria. For both techniques, a correct ability was
demonstrated. As a result, these newly developed methodologies will be replacing the current

authorized method to determine assay and content uniformity routinely.

In conclusion CQA active substance content of a pharmaceutical preparation can be controlled during

the manufacturing process.
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2.3. Develop a NIRS Procedure for ldentifying and Qualifying a Powder
Bulk Product and Quantifying the Assay for the Content Uniformity

Analysis

The homogeneity of a powder product is guaranteed involving a blending step as an essential unit
operation during the pharmaceutical manufacturing process including all the formulation compounds
(the active substance and the excipients). The final mixture homogeneity depends on the unit
operation procedure, and the physical component properties (such as size, density, and shape). The
main components in the studied formulation, for the Sucramal product, include two specific sorbitol
types, presenting a 2:1 difference in particle size. This different nature can lead to segregation by a
sifting mechanism and cause the separation of the compounds in the mixture into two layers, in the
upper part those containing the larger particles and in the lower part the smaller ones*®!°, Avoiding
this phenomenon is key to ensuring the consistency of a high-quality product, guaranteed by
achieving the CQA evaluated for each batch analyzed within the registered specifications. These
determinations are necessary to release the product.

The determination of the CQAs in the mixture is currently done by the register HPLC method which

is very time-consuming and expensive, requiring a specific mobile phase, column, and detector.

The scope of this chapter is to present a NIRS procedure as a non-invasive technique to determine in
a representative manner?® two CQAs (identification and the active substance concentration for
uniformity content assay) of a Sucramal product in an offline mode, as an alternative to the reference

HPLC method currently registered.

2.3.1. Composition and Manufacturing Process

The manufacturing process is summarized in Figure 2. 42. Nowadays, the determination of these

CQAs, requires the use of time-consuming analysis in the QC laboratory.

p
CQA determination in QC
laboratory (HPLC)
.
CE— (
sampling > CQA det’s‘rlggatlon by ]
f \
Starting : Intermediate Final . -
[ material ] [Pre—mlxture] Mixture ] mixture Packaging |<

Figure 2. 42 Production process including the manufacturing and the CQAs determination for Sucramal product.
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The composition of the studied product is presented in Table 2. 24. The product presents Sucralfate
as the active substance and represents 16.7% (w/w) of the total amount. The sorbitol is the main
excipient (82.8% (w/w)).

Table 2. 24 Composition of Sucramal product.

Description Proportion (% (w/w))
Sucralfate 16.67
Sucrose 0.13
Vanilla scent 0.42
Sorbitol GDO P60G 20.70
Sorbitol GDO 30/60 62.08

Once the SM are sieved a pre-mixture is prepared including the vanilla scent and sucrose. Then an
intermediate mixture is prepared in a mixer roller including a few percent of sorbitol and sucralfate.
Then the final mixture is done including the rest of the sorbitol and the pre-mixture in a stainless-

steel blender in V form.

The CQAs are listed in Table 2. 25. In this table are indicated the reference analytical methods used

to determine each CQA as well as their internal specifications.

Table 2. 25 Reference method and specification of CQAs for Sucramal product.

CQA Rr%fstﬁ:ge Specification
Identification HPLC Pass
Active substance content (mg/g) HPLC 52.4<X <60.9
Variation coefficient related to the active substance (%6) HPLC <10.0 %

2.3.2. Materials and Methods

In this section, the materials and methods involved in the development and validation of qualitative

and quantitative procedures involving offline NIR analysis for Sucramal product are detailed.

2.3.2.1.Calibration and Validation Data Sets for Spectroscopic Qualitative
Analysis

The samples used for the development and validation of the qualification analysis by NIRS for the
Sucramal product are summarized in Table 2. 26. All production batches were properly prior
identified by the reference method. The active substance sucralfate, the excipients, and placebos,
which were prepared with all SM except the active substance, were used to test the specificity of the

NIRS procedure. The samples used in the calibration set should include all possible sources of
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variability to ensure that the calibration covers all ranges of interest. A set of MB was carefully

selected to include the variability source associated with the product and the manufacturing process.

Table 2. 26 Samples involved to calibrate, internally, and externally validate the qualification analysis for Sucramal
product by NIRS.

Product Sample type Parameter Justification
Specificity | Chemical and
Sucramal product Calibration, internal and external validation sets and physical
Robustness variability
L _— e Active
Sucralfate Calibration, internal and external validation sets Specificity
substance
Placebo Calibration, internal and external validation sets Specificity Without active
substance

Sorbitol GDO P60G Calibration, internal and external validation sets Specificity | Main excipient

Sorbitol GDO 30/60 | Calibration, internal and external validation sets Specificity | Main excipient

Vanilla scent for

sucramal Calibration, internal and external validation sets Specificity Excipient

Sucrose Calibration, internal and external validation sets Specificity Excipient

2.3.2.2.Calibration and Validation Data Sets for Spectroscopic Quantitative
Analysis

The calibration set has to include the variability sources that potentially affect the NIR spectra. The
samples used to develop the qualitative analysis come from different populations. The first one comes
from production batches to consider the expected process variations, covering enough timeline to
assure the introduction of the following factors: different product temperatures, different operators,
different temperatures, and relative humidity from the environment, and NIR equipment wear away.
The second one comes from laboratory samples to include the necessary concentration range®°*.
The active substance content was expanded by +30% regarding the nominal content. The strategy
followed to expand the narrow range for active substance content determination was based on the
under and over-dosage strategy in a pilot scale plant from a direct mixture of placebo or active
substance, respectively, to expand the concentrations from 70 to 130%. Seven concentration levels
were included: 70, 85, 100, 115, and 130%, as well as 92.5 and 107.5%, assigned as the acceptance
intervals for the evaluated CQA. 100 g of galenic samples were prepared. Using a mixture design
strategy, three placebos were prepared to expand the excipient variability for the final mixture around
7.5%. The strategy followed was to modify by around 7.5% the composition of those excipients
considered majority (higher than 7.5%) from the nominal value of placebo composition; sorbitol
GDO 30/60 and P60G, and a mixture from vanilla scent and sucrose, reducing as much as possible

the correlation between formulation components (see Table 2. 27).
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Table 2. 27 Placebo composition (% (w/w)) used for calibration and validation set manufacturing.

Sorbitol GDO 30/60 | Sorbitol GDO P60G | Vanilla scent for Sucramal | Sucrose | Placebo code

76.37 22.98 0.50 0.16 1
74.51 24.83 0.50 0.16 2
72.65 26.69 0.50 0.16 3

Different batches were used for placebos included in calibration and validation sets. Only two
replicates for each concentration were prepared due to the difficulties during the experimental
procedure for the reference method already registered. The prepared laboratory samples are

summarized in Table 2. 28.

Table 2. 28 Samples composition for calibration and validation sets prepared by direct mixture for Sucramal product.

Calibration set Validation set
Concentration | Placebo Active Concentration | Placebo Active
level (%) code Substance Code level (%) code Substance Code

2 B1 3

70 70 B3
1 B2 1
2 B1 3

85 85 B3
3 B2 1
3 B1 1

92.5 92.5 B3
1 B2 2
3 B1 2

100 100 B3
3 B2 1
3 B1 2

107.5 107.5 B3
1 B2 3
3 B1 2

115 115 B3
3 B2 1

130 1 Bl 130 3 B3
2 B2 1

2.3.2.3.Instrumentation

The NIR spectra were recorded in the sampling room using the FT-NIR MPA 11 (Bruker Optics,
USA) offline spectrometer. The instrument specifications and their related measure parameters are
described in Table 2. 29. These were selected according to prior experience and supplier

recommendations.
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Table 2. 29 NIRS instrument configuration for Sucramal product.

Parameter Specification
Model FT-NIR MPAII
Measurement module Integration sphere with sample holder device with sample rotator
Optical path length (mm) 2
Diameter of the measured area (mm) 12
Dispersion principle Cubic corner mirrors on the ROCKSOLID™ Interferometer
Detector type Thermos-electrically cooled InGaAs
Measurement mode Diffuse reflection
Number of scans 32
Spectral range (cm™) 11550-3950
Resolution (cm™) 8
Number of spectra 5 for laboratory samples/10 for MB

The instrument was coupled with an integration sphere measurement module adapted with a sample
rotator for sample cups of 51 mm in diameter. All spectra samples were recorded through a quartz

vial allowing measurements of 12.5 mm sample diameter.

The NIR method during routine analysis batches can be summarized as follows: after the
homogenization step, the batch is sampled in the bin storage. Before spectral acquisition, the
background spectrum corresponding to a dark background is acquired. Therefore, 25 mg
approximately of the product is added to the integration sphere rotation accessory, and 5 spectra are
recorded for each laboratory sample and 10 for each MB, considering the description for uniformity
dosage analysis in the Ph. Eur method of analysis chapter for solid dosage forms® (and if
considered?). The sample is homogenized manually with a stainless-steel spatula between each

spectra acquisition to guarantee representativeness.

The HPLC technique is used as a reference. A specific Refractive Index Detector (from now on RID)
is necessary. A specific column with a silica-based aminopropyl bonded sorbent as a stationary phase

is used. The mobile phase consisted of an ammonium sulfate solution at pH 3.5.

The active substance content is calculated as shown in Equation 2 20 as an equivalence to sucrose

octasulfate.
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PstdxRstd

m
Active substance content (7‘9) = Apmxo 01

Active substance contentxPx100

Assay (%) = 340

Ap: chromatographic peak for sucrose octasulfate in the evaluated sample.
Pp: weight of the evaluated sample (g).
Pstd: weigh for the sucralfate standard (mg).
Rstd: assay content for the sucralfate standard (%).
Astd: chromatographic peak for the sucralfate standard.
P: average weight of the unit-dose sachets for the sample evaluated.
340: theoretical content (mg) of sucrose octasulfate in each sachet.
Equation 2 20.

2.3.2.4.Software

The OPUS (Buker Optics, USA) software was implicated during the development procedure and the
routine analysis. The software was used for instrument cGMP verification, spectra acquisition,

chemometric model development, and procedure validation.

2.3.3. Risk Assessment

The NIR spectra can be affected by many variables from sample, instrument, operation conditions,
and manufacturing process. These can be minimized but not removed by mathematical
pre-treatments. The models often should be recalibrated and validated to incorporate variables not
expected during the initial model development. Table 2. 11 shows the severity ranking for associated
risks to a NIRS model. Table 2. 30 summarize the risks detected and their control measure for the

Sucramal product.

Table 2. 30 Risk to NIRS procedure for Sucramal product.

Variable Risk Range Model Effect Mitigation action
Physic-chemical Non-expected. Only components from
properties of the active 1 homologated manufacturers may be Do not apply
substance used
Non-expected. Only components from
. 1 homologated manufacturers may be Do not apply
Starting used
material

Physic-chemical

properties for excipients The initial physical characteristics of the Spectra acquisition with a

4 excipients have an effect on the higher representative area.
behavior of the final product "tapping", Integration sphere with
due to the difference in particle size sample rotator accessory
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Table 2. 30 Risk to NIRS procedure for Sucramal product.

Variable Risk Range Model Effect Mitigation action
Not representative Conmdermg the guide of
. manufacturing to construct
samples for laboratory 4 No representative model Lo o
Laboratory ; calibration and validation
strategy preparation
samples samples set
Ambient conditions 2 Incorrect results _Includmg the \.’a”ab'l'ty
with the production samples
Lack of cleanliness of 4 Cross-contamination involving incorrect Assuring the interface
the sample interface results cleaning
The optlcgl qua}llty of 4 Incorrect results Good storage for sapphire
Instrument the sapphire window window
Replacement equibment Comparability test. If it is
P auip 3 Variations in the results necessary re-calibration and
consumables e
re-validation of the model
The manufacturing
Production Manufacturing process 3 No representative model v_arlablllty_ls going t(_) be
changes included in production
samples

2.3.4. Development and Validation of NIR Spectroscopic Qualitative
Analysis

Sub-cascading spectral library was used as an identification and qualification strategy.

The identification spectral library was structured in one general library, which includes all SM tested,
and two sub-libraries at the second level. This cascading strategy was applied to allow for solving
ambiguities. The detailed structure of the library is shown in Figure 2. 43. The IP1 code was referred
to the first level, and was assigned to the general library. The IP2 code was referred to the second
level sub-library and was assigned to the samples not able to identify without ambiguities in the first

level.

IP1 IP2_A
Sucramal product Sorbitol GDO 30/60
Vanilla scent for sucramal Placebo
Sorbitol GDO 30/60
Sucralfate
Sorbitol GDO P60 IP2_B
Placebo

Vanilla scent for sucramal
Sucrose

Figure 2. 43 Structure and content of the Sucramal product library.
The identification library contains all the materials intended to be used for the procedure application.
This classification procedure aimed to allow the unequivocal identification of each sample included

in the library, and to distinguish them from those which are not included.
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During the calibration of the general library, distance as factorization in a PC space was used as a
discriminant criterion. A wide spectral range was selected and derivative followed by vector
normalization was used as data processing. An ambiguous identification for some of the materials
included was obtained and automatic detected by the chemometric software. The sub-library
cascading strategy was applied. There is no limit number, composition and levels of sub-libraries.
The discriminant method applied for the sub-library was distance as factoring decomposition ina PC
space. The spectral range and data pre-treatment were different. Narrow spectral ranges and a
complex data processing were used. The global threshold was adjusted after internal validation

allowing correcting unambiguous identification.

To understand the difference between included materials, Figure 2. 44 shows vector normalization
spectra of a batch of Sucramal product and its formulation compounds. Sorbitol powder, as a major
excipient, and placebo presented similar spectra profile. There was a significant difference in the
wavelength where the active substance presented the main peak, between 7300 and 6800 cm™ and
between 5200 and 4800 cm™. It should be enough to differentiate between target product and its

placebo.

0.08

Sucralfate
Placebo
Sorbitol GDO 30/60

0.06

0.00 0.02 0.04

-0.02

T T T
11000 10000 9C ) 6000 5000 4000
Wavenumber (cm™)

Figure 2. 44 Spectral data in diffuse reflectance for Sucramal formulation including placebo, major excipients, the active
substance, and an MB. Vector normalization as data pre-treatment was applied in the complete spectral range.

The identification procedure for Sucramal product by NIR was validated following the specific

guidelines®** including specificity and robustness parameters.

The specificity was tested by internal validation for each library and sub-library considered the
spectra including in the calibration set. Each spectrum was used for calibration and internal
validation. As a result, the internal validation showed that all calibration spectra belong to each of
assigned classes created (referred to each SM included), and there were no ambiguities during the
calibration identification. All calibration spectra were used as positive and negative samples to

confirm the ability to identify all classes and to discriminate within them.
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The robustness was assessed by including a period timeline of one year being enough to include all
possible relevant variables such as SM variation, operating and environmental manufacturing

conditions modifications, and instrument changes.

2.3.5. Development and Validation of NIR Spectroscopic Quantitative
Analysis

PLS has been the mathematical algorithm used for the assay determination of Sucramal product. The

calibration set was used to calculate the model and the external validation set to optimize it.

The wavelength range used was from 9000 to 4928 cm, where the correlation between NIR signal
and active substance content changes was demonstrated (see Figure 2. 45). The excluded ranges were
not provided relevant information to improve the predictive ability of the calibration model.
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Figure 2. 45 Spectral data acquired in diffuse reflectance for the calibration data set. 1% derivative Savitzky-Golay with
13 points of window width followed by multiple scatter correction as data pre-treatment. Spectral range from 9000 to
4928 cm™.

The main bands of the active substance in the reflection range appeared at 7500-6500 cm™ and
5500-4500 cm? (see Figure 2. 44).

The number of factors was optimized with the validation set to achieve the lowest RMSEP value.
Five factors were finally selected. The factors included in the model were related to the principle
active substance bands at 7500-6500 and 5500-5000 cm. See Figure 2. 46.
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Figure 2. 46 Left) Pretreated reflectance diffuse spectra for the active substance and placebo. 1% derivative S-G with 13
window width followed by MSC. Right) Loading plot for the LV included in the PLS model. Spectral range included from
9000 to 4928 cm™. LV1, LV2, LV3, LV4,

The scatter plot of the active substance content against the reference HPLC values, showed a linear

relationship for calibration and validation sets (see Figure 2. 47).
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Figure 2. 47 Predicted vs. true values represented in a scatter plot for the validation set of Sucramal product after PLS
modelling.

The quantitative procedure validation was designed according to the specific guidelines®®4. The
figures of merit of the quantitative analysis validation for Sucramal product are presented in Table
2.31.

Table 2. 31 Figures of merit for the validation quantitative analysis for Sucramal product by NIR spectroscopy.

Parameter Results

-The main peaks of active substance were presented in the loadings for the PLS
modelling (see Figure 2. 46).

-Final product library developed sub-cascading spectral library strategy analysis for the
calibration set, allowing the unequivocally identification of each group of samples
included in the library (see chapter 2.3.4).

-MD evaluation. The limit was fixed by software in 0.40. All the spectra included for the
validation set presented a lower MD than the critical one and were considered spectrally
similar to the calibration set, so the predicted values obtained were reliable out samples
up to the limit value (see

Figure 2. 48).

Specificity
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Table 2. 31 Figures of merit for the validation quantitative analysis for Sucramal product by NIR spectroscopy.

Parameter Results
Number of samples 17 (15 laboratory samples/2 MB)
Range (mg/g) 42.86-68.54
Explained variance (%) 94.35
Linearity y-intercept £ IC (¢=0.05) including 0 7.07 £ [-0.033:14.18]
Slope + IC (¢=0.05) including 1 0.87 £ [0.75:1.00]
R>0.95 0.97
The residuals between the reference HPLC and NIRS methods did not show any trend
regarding concentration levels (see Figure 2. 49 and Figure 2. 32).
Number of samples 17 (15 laboratory samples/2 MB)
Paired t-test (two tiles): t-calculated: 0.19
Accuracy t-calculated lower than t-tabulated t-tabulated: 2.11
p-value higher than 0.05 p-value: 0.85
RMSEP (mg/g) 1.72
Precision SEP-<1.-48EIT 1.72<1.4x3.00
Validation bias value close to 0 0.3
Repeatability E;Eh(:g?sft?]; iolgl/eoasures of the same 4.44
Two-way ANOVA factor (day and Analyst Day

Intermediate

analyst)

F-calculated: 1.64 F-calculated: 0.11

Precision p-value higher than 0.05 F-tabulated: 18.51 F-tabulated: 19.00
F-calculated lower than the F-tabulated p-value: 0.32 p-value: 0.91
Number of samples 76 MB
Robustness Paired t-test (two tiles): t-calculated: 1.94
t-calculated lower than t-tabulated t-tabulated: 1.99
p-value higher than 0.05 p-value: 0.056
Number of samples 65 MB
- UAL: 5.04
Control Model | S5 % UWL: 3.48
Performance UAL/LAL, +30 CL: 0.35
UWL/LWL, +26 LWL: 278
Based idual Figure 2. 50 -
ased on residuals (see Figure ) LAL: -4.35
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Figure 2. 48 Scatter plot for MD for each included sample into the validation set of Sucramal product.
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Figure 2. 50 Control chart for MB monitoring NIR model.

2.3.6. Conclusions

The results obtained show that the use of acquisition spectra in diffuse reflectance mode with the
integrating sphere measurement module adapted with a sample rotator with the measurement channel
macrosample, allows to achieve a robust NIRS procedure for qualifying and quantifying Sucramal

product. The procedure was satisfactory validated in terms of specificity, linearity, accuracy,

precision and robustness.
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For some of the analyzed samples, the analysis could be inhomogeneous even though the entire
sample is homogeneous since the penetration depth of NIR radiation was less than 1 mm and only a
part of the surface sample was analyzed. This effect can cause large within-sample variability for

this commaodity resulting in a higher RSD in percentage value.

An effective and easier analysis for powder Sucramal product was presented as an alternative for the
reference HPLC method. As a result, the specifications for the release of the manufactured batches
were summited for variations in the commercialization product regions to involve the NIRS
qualification and quantification analysis routinely instead of HPLC. To evaluate the applicability of
the NIR analysis during the product life cycle, it was proposed to carry out the CQAS determinations
with both techniques with a periodicity of 1 for 10 MB.
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PART I-RESULTS AND DISCUSSION _

3. IMPLEMENTATION OF A PAT METHODOLOGY FOR IN-PROCESS
CONTROL

As an innovative approach to improving efficiency and quality in drug manufacturing, PAT allows
quality-based adjustments in pharmaceutical processes involving proactive work. This strategy
makes it possible to transfer the functions performed in the QC laboratory to the manufacturing

plant!=3,

This project aims to detail the development, maintenance, and implementation of the NIR
methodology for in-process control, at the end of the final blending step, and as a quality control tool
before batch release for CQA determination in real-time* The proposed PAT system would allow
the release of the granulated bulk product to the next unitary operation, increasing productivity. With
this strategy, timely measurements of the intermediate generated during the process could be
acquired to become a representative measurement of the product studied. As a result, the set of
determinations, including the assay for the content uniformity dosage, should be carried out on the
finished product by the reference method to comply with the currently registered methododology*.
To optimize the resources and the release time of the finished product, this project also proposes the
development, validation, and implementation of an offline NIR procedure at the end of the
manufacturing process, to replace the currently registered methodology on a routine basis. It is
proposed as a control strategy, carrying out the analysis in parallel with the reference method with a
periodicity of 1 in 10 batches, considering also the determination of the microbiological quality
required of the batch Figure 3. 7 shows the Nimesulide product's manufacturing process with the

NIR analysis's incorporation.

Current System
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H [ Sampling H CQA at the QC lab by the reference method HCQA &t the Q(r:“:::dy the reference }:
I 1
i 1

'

b 1 ,,,,,,, 1 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Starting . " ndi eaad
e { prekaing

Sy |
| . * ,
1 |* CQA with an Inline NIR CQA with an '
Offline NIR '

|

i

(CPP)
....................................................................

Proposed PAT System

*PAT System + Current
1/10 batches

Figure 3. 7 Conventional and proposed systems for CQA determination of Nimesulide product.
In 2016 the structure for inline NIR analysis was finalized. The implementation of the PAT system
was finished in 2018 establishing an information monitoring and distribution system as a key tool
for recording the set of operations to be carried out during the mixing process and the subsequent

analysis by NIR which is now tested®.
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_ PART I1I-RESULTS AND DISCUSSION

3.1.Product Composition

The Nimesulide product is a solid granular product in unit-dose sachet form with an active substance
concentration of approximately 5% (w/w). Contains sucrose as main excipient. The composition is

summarized in Table 3. 2.

Table 3. 2 Nimesulide product composition.

Description Content per unit-dose sachet % (w/w)
Nimesulide 5.00
Sucrose powder 81.05
Sucrose crystal 9.20
Orange essence 2.10
Citric acid 1.50
Maltodextrin 0.75
Cetostearyl macrogol 0.40

Two different formulas are manufactured depending on the active substance supplier.

A ligand solution is prepared with the cetostearyl macrogol, the sucrose crystal, and the maltodextrin.
Then the granulation is assessed with the rest of the SM at a fluid bed. When the product is granulated,
it is discharged into a stainless-steel tumbling bin, and the orange essence is added to be

homogenized.

The specifications for the CQAs to be determined are shown in Table 3. 3.

Table 3. 3 CQAs specifications for Nimesulide product.

CQA Reference Method Specification
Identification NIR and HPLC Pass
Active substance content (mg/g) HPLC 47.5-52.5
CV related to active substance content (%) - <5.0
Loss on drying (%) Moisture analyzer <1.0

3.2.Preliminary Studies
3.2.1. Materials and Methods

This section details the materials and methods involved in the development and validation of a

qualitative and quantitative procedures for the inline NIR analysis for the Nimesulide granules.
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3.2.2. Instrumentation

The NIR LabSpec Pro 2500 (ASD inc., USA) was used for the spectral acquisition. The instrument

configuration is summarized in Table 3. 4.

Table 3. 4 Instrument configuration for the NIR LabSpec Pro 2500.

Parameter Specification

Model LabSpec Pro 2500 (ASD inc., USA)

A solid probe of 3 m, through a sapphire window (3mm thickness, 2

Measurement accessory cm diameter)

-UV-vis-NIR region: diode array with filters (350-1000 nm)

Dispersion principle -NIR region: two monochromators with concave holographic grating
(1000-1800 and 1800-2500 nm)

-UV-vis-NIR: photodiode array

Detector type -NIR region: high Sensitivity Thermo-Electric Cooler InGaAs
Acquisition mode Diffuse reflectance

Number of scans 32

Spectral range (nm) 350-2500

Resolution (nm) UV-vis-NIR region: 4; NIR region: 10

Number of spectra per batch 3

For NIR measurements it was necessary to modify the stainless-steel bin cup involving a sapphire
window. The strategy for NIR measurements, during routine batch analysis, can be summarized as
follows: before the blending step, the granulated product is discharged in a stainless-steel bin,
afterward, the final blending step is performed. Once the blending is finished, the bin is positioned
upside down allowing two key points: that the product completely covers the sapphire window and
being able to couple the NIR probe to the bin. The NIR spectrum reference is acquired with a
spectralon plate. Once the probe is coupled in a static mode to the bin, one spectrum is acquired.
Once the process is finished, the probe is uncoupled and the bin is rotated 360° allowing the sample

to be homogenized. This procedure is carried out in triplicate for each batch to be analyzed®.
The instrument is daily qualified and maintained under a cGMP environment®.

The reference values are acquired with the validated and authorized methods by LMSA for product

analysis.

The HPLC technique is used as a reference for active substance content. The instrument

configuration is summarized in Table 3. 5.

167



_ PART I1I-RESULTS AND DISCUSSION

Table 3. 5 Instrument configuration for the HPLC as a reference technique for the active substance content analysis of
Nimesulide granulate.

Parameter Specification
Model HPLC-DAD (Agilent Technology, USA)
Column C18 4.6x50 mm
Detector type DAD
Mobile phase Acidified water and methanol (40:60 v/v)
Number of samples per batch 3
Software Empower (Waters, USA)

The reference values for the active substance content involving HPLC method are calculated as

shown in Equation 3. 3.

Acti bst ; t( mg )_ PstdxRstd 10-2
ctive substance content | ———) = Tstd ©
mg
——x100
Assay (%) = %

Ap: Chromatographic peak for Nimesulide in the problem solution.
Pstd: standard Nimesulide weight (mg).
Rstd: assay for the standard of Nimesulide (%).
Astd: Chromatographic peak for Nimesulide in the standard solution.
100: Theoric content for Nimesulide in the sachets (mg).

Equation 3. 3.
The loss-on-drying technique is used as a reference for the analysis of moisture content with moisture
equipment from Mettler Toledo (USA) analyzing a representative sample of the batch at 90°C for 5

min. The result is given automatically by the equipment.

3.2.3. Software

The MB spectra were acquired involving the real-time process monitoring software Unscrambler X
Process Pulse 1.1M (CAMO Analytics AS, Norway). Moreover, this software was involved in CQAs
prediction. For model maintenance the Unscrambler X 10.3. (CAMO Analytics AS, Norway) was
used. This software is a modified version of LMSA that allows communication between the
Unscrambler and the internal data management program in the PLC. The installation and operation

qualification (1Q and OQ)®2 of this system were carried out.
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3.3.Life Cycle Management

Once the NIR procedure is validated, it must be maintained during the product's life cycle,
considering its sensitivity to possible changes in parameters related to the SM, the manufacturing
process, and/or the instrument®. If a change in trend or a deficiency in the prediction of the NIR
model is detected, by the obtention of an OOS value confirmed by the reference method, it must be

recalculated.

The trend was evaluated by control charts based on Pearson’s residuals. When any of the patterns
defined was detected, according to Nelson's rules, an evaluation is carried out to determine the need
to update the said models: 1 value outside the upper or lower rejection limit, 9 consecutive points
above or below the centre line, or 6 consecutive points increasing or decreasing. This possible trend
obtained was corroborated by an internal diagnosis based on the model used, which includes the
influence of Hotelling T2 and the Q residuals established with the included calibration set. Higher
unusual Hotelling T2 and/or higher Q residuals limited at 95% confidence result in a decrease in
accuracy for the values predicted by NIR,

In this section, the maintenance of quantitative procedures for online NIR analysis for CQAs of

Nimesulide granules is detailed.

3.3.1. Maintenance of the Quantification Procedure for the
Determination of the Moisture Content

After the procedure validation, continuous parallel testing, including the reference and the NIR
method, was carried out to evaluate the life cycle of the chemometric model. The residuals obtained,
defined as the difference between the reference moisture and the predicted water content, were
plotted in a control chart, including the control limits calculated during the initial PLS model
validation (LAL, UAL, LWL, UWL, CL, respectively)®. As can be seen in Figure 3. 8, from point
27 to the end there is shown a negative trend, more than 9 points in the same part of the control plot,
considering Nelson rules, moreover, OOS values were acquired with the NIR model (red colour).
The variation in the behaviour of the sample during the manufacturing process is observed as a root

cause.
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Figure 3. 8 Control plot of residuals (%) obtained for Nimesulide moisture content. Red line: UWL, LWL; orange line:
UAL, LAL; grey line: mean for residuals.

The NIR model was updated to determine as representative as possible the moisture content of the

Nimesulide granules.

Production samples were included in the calibration set besides laboratory samples, to introduce the

new expected process variability.

The figures of merit of the calibrated PLS model for the moisture content are presented in Table 3.

6. The optimization of the selected parameters was based on de cross-validation results.

Table 3. 6 Figures of merit for the calibration model for the maintenance of the NIR model for moisture content of
Nimesulide granules.

Set Characteristics Value
Number of samples 98
Spectral pre-treatment 1= Deri\(/)zi;i;/f 23 m:}z dkg/v-\/Gl()?I?)}:)i(r?tos I)ynomial
Wavelength range (nm) 1120-1968
Calibration range (%0) 0.12-1.67
Calibration | |nternal/External specification <0.5/<1.0
ot Number of PLS factors 3
Explained variance (Y) (%) 92.8
) Slope 0.928
Regression Yrer vVS. YNIR
Offset 0.03
RMSEC/RMSECV (mg/g) 0.08/0.08

After S-G’s first derivative in the second polynomial order with 17 window widths the samples were

ordered through the PC1 based on the active substance content into the scores plot (see Figure 3. 9).
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Moisture content
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Figure 3. 9 Scores plot PC1 vs. PC2 for the calibration set. 86% of the total variability was explained. first derivative S-
G in the second polynomial order with 17 window widths was applied as data pre-treatment.

The figures of merit for the validation of the analytical NIR procedure for the determination of the
moisture content in the Nimesulide granules are detailed in Table 3. 7.

Table 3. 7 Summary of the results obtained in the validation of the analytical procedure for the determination of
moisture content in Nimesulide granules.

Parameter Acceptance criteria Result Conclusion
S.yStefm Pass the verification test Complies The sy stem Is
suitability suitable
The NIR
Specificity Correlation coefficient >0.998 Complies procedure is
specific
Number of samples 13
Validation range (mg/g) 0.16-1.23
Slope + CI(0=0,05) include 1 1.01 £ [0.94;1.09]
Intercept + CI(0=0.05) include 0 0.01 +[-0.031;0.052] The NIR
Linearity r for calibration test set and 0.99 pro::_edure 15
validation test >0.95 ' Inear
RMSEP (%) 0.05
Residual values are random. The .
- Complies
mean is close to 0
Number of samples 13 The NIR
Accuracy Paired t-test: t-calculated: 1.68 procedure is
t-calculated<t-tabulated t-tabulated: 2.18 accurate
Precision The NIR
- RSD of 6 measures <2% 0.27 procedure is
Repeatability precise
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Table 3. 7 Summary of the results obtained in the validation of the analytical procedure for the determination of
moisture content in Nimesulide granules.

Parameter Acceptance criteria Result Conclusion
. No differences between days and Day Analyst
PI'ECISIO.n. anaIyStS for 6 measures. Fcalulated.: 0.55 Fcalculated: 4.49 The NIR
Intermediate F-_calculated<F-tabulated _ _ procedure is
Precision Ftabulated- 19.00 Ftabulated- 18.51 pI’ECiSE
p-value>0.05 p-value:0.64 p-value:0.17
Number of samples 317 The NIR
Robustness | Paired t-test: t-calculated: 0.73 procedure is
t-calculated<t-tabulated t-tabulated: 1.97 robust
UAL: ¥+3c 0.16
Control UWL: ¥+20 0.10 The NIR
Model CL:x -0.002 procedure is
Performance | | wL: %-2¢ 011 under control
LAL: x-3c -0.16

3.3.2. Maintenance of the Quantification Procedure for the
Determination of the Active Substance Content

After the procedure validation, continuous parallel testing for the active substance content, including

the reference and the NIR method were achieved to evaluate the life cycle of the chemometric model.

The residuals obtained were plotted in a control chart, including the control limits calculated during

the PLS model validation®. As can be seen, at the end of the graph a positive trend is shown, more

than 9 points in the same part of the control plot, considering Nelson’s rules. The variation in the

behaviour of the sample during the manufacturing process is observed as a root cause. The NIR

model resulted in lower content values than the reference HPLC model. See Figure 3. 10.
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Figure 3. 10 Residuals plot for the MB of Nimesulide granules in time order. Positive trend marked with red samples.

The NIR model was updated to determine as representative as possible the CQA assay of the

Nimesulide granules.
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After the first derivative S-G in the second polynomial order with 19 window widths followed by
area normalization, the samples were ordered through the PC1 based on the active substance content

in the scores plot (see Figure 3. 11).
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Figure 3. 11 Scores plot PC1 vs. PC2 for the validation set. 94% of the total variability was explained. First derivative S-
G in the second polynomial order with 19 window widths followed by area normalization was applied as data pre-
treatment.

The figures of merit of the calibrated PLS model for the active substance content are presented in
Table 3. 8. The optimization of the selected parameters was based on de cross-validation results.

Table 3. 8 Figures of merit for the calibration model for the maintenance of the NIR model for active substance
content of Nimesulide granules.

Set Characteristics Value

Number of included samples 95

1% Derivative S-G (polynomial order 2, window

Spectral pre-treatment 19 points) followed by area normalization

Wavelength range (nm) 1007-2313
Calibration range (mg/g) 35.07-66.00
Calibration | Nominal value (mg/g) 50.042.5
ot Number of PLS factors 5
Explained variance (Y) (%0) 97.60
Regression Yref VS. YNIR Slope 0976
Offset 1.19
RMSEC/RMSECYV (mg/g) 0.94/1.10

The figures of merit for the validation of the analytical NIR procedure are detailed in Table 3. 9.
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Table 3. 9 Summary of the results obtained in the validation of the analytical NIR procedure for the determination of
the active substance content in Nimesulide granules.

Parameter Acceptance criteria Result Conclusion
S.VSte.m Pass the verification test Complies 'I_'he system
suitability is suitable
The NIR
Specificity Correlation coefficient >0.998 Complies procedure is
specific
Number of samples 16
Validation range (mg/g) 35.32-63.96
Slope + CI(¢=0,05) include 1 0.955 + [0.906;1.003]
(I)ntercept + CI(0¢=0.05) include 1.92 + [-0.55:4.42] The NIR
Linearity procedure is
r for calibration test set and 0.99 linear
validation test >0.95 '
RMSEP (mg/qg) 0.85
Residual values are random. complies
The mean is close to 0. P
Number of samples 16 The NIR
Accuracy Paired t-test: t-calculated: 1.74 procedure is
t-calculated<t-tabulated t-tabulated: 2.13 accurate
Precision. o
Repeatability RSD of 6 measures <2% 0.65
No differences between days Day Analyst The NIR-
Precision. i i procedure is
! and analysts for 6 measures. Fealculated.. 0.059 Fealculated: 2.80 .
Intermediate F-calculated<F-tabulated : : prectse
Precision Ftabulated- 19.00 Ftabulated- 18.51
p-value>0.05 p-value:0.95 p-value:0.23
The NIR
Range Range>10SEP 30>10%0.85 procedure
presents a
valid range
Number of samples 371
- ] ] The NIR
Robustness Paired t-test: t-calculated: 1.14 procedure is
t-calculated<t-tabulated t-tabulated: 1.97 robust
p-value>0.05 p-value: 0.26
UAL: ¥+3c
o 241
UWL: x+2c 1 62 The NIR
Control CLx ' rocedure is
Model o 0.04 P under
Performance | LWL X-20 -1.53 I
LAL: %-30 >3 contro

Based on the calculated residuals
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3.3.3. Historical Data Evaluation

The set of historical data acquired, up to the date of writing this chapter, for the determinations of
the CQAs of the Nimesulide granules, including identification, active substance content, and
moisture content by the inline NIRS, during the mixing unit orperation, as well as by the currently

authorized method, are reported.

The objective was to evaluate the set of results acquired by NIRS based on control charts to

implement this technique during the routine control of the quality of the bulk product.

The comparison of the predicted values with the current NIRS methods and the reference values was

carried out using control charts of Pearson’s residuals.

The data presented covers the period from December 2018 until March 2023.
Identification

The set of data for the identification parameter is shown in Figure 3. 12.

The internally established lower rejection limit for product identification, based on the correlation
coefficient was <0.998.

During the included data period, only one update to the identification chemometric model needed to
be developed in April 2020 to include new product-associated variability, since a MB was identified
with a correlation coefficient lower than the rejection limit. Up to this date, all the identification
results have been satisfactory.
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Figure 3. 12 Set of determinations for the identification of the Nimesulide granules prior to dosing unit operation by
NIRS.
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Moisture content

The control chart based on Pearson’s residuals for the set of batches determined by the NIRS and the
loss on drying reference methods, evaluating the water content (%), is shown in Figure 3. 13. The
different NIR model updates can be seen as a result of the recalculation centre line and action and
warning limits. The last update of the model was made in June 2022 due to the obtaining of OOT,

according to the Nelson rules, in the residual control table. The addition of product variability was
required.

The comparison for both models including the internal water content specification (<0.5 %) is shown
in Figure 3. 14. The authorized specification is <1.0%.
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Figure 3. 13 Residual plot for the moisture determination of Nimesulide granules.
0.60
- .
e\"‘/0.50 T -
= %o 0
§ 0.40 .}‘. :é,x 33 o ey oo
S o0 b, SRRRIRRA L L SR T
3 Q‘.“.,‘ ¢ o0 ® » A oy "{,’3” o.Q "lt{o::d‘:}.‘) 3
5 0.0 fc’g? e SRev CANEII X 7 Dt gt
— L S4 m .Q.Q
S 0.10
0.00
0 50 100 150 200 250 300 350 400

Batch of Nimesulide granules in time order

+ Prediction (%) + Reference (%) —— Specification limit

Figure 3. 14 Set of determinations for the moisture content (%) by NIRS and the loss on drying reference methods.
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Active substance content

The set of batches analyzed by NIRS and the HPLC reference methods, evaluating the active
substance content (mg/g) are included. A control chart based on Pearson’s residuals is shown in
Figure 3. 15 (calculated by the difference between the value obtained by the reference method and
the predicted NIRS value). The different NIR model updates can be identified as a result of the
different calculated centre line, warning, and action limits (based on X+2c and X+3o, respectively).
The last update of the active substance content model was made on January 2023 due to obtaining
an OOT, according to Nelson’s rules, in the residual control chart. Up to this date, all the

determinations have been satisfactory.

The comparison of the active substance content acquired with both methods is shown on Figure 3.
16, using the currently registered rejection limits (50.0£5.0 mg/g), moreover, an internal warning

limit is shown (50.0£2.5 mg/g).
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Figure 3. 15 Residual plot for the active substance content determination of Nimesulide granules.
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Figure 3. 16 Set of determinations for the active substance content (mg/g) by NIRS and the reference methods.
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It was demonstrated the feasibility of the NIRS models developed and validated for the determination
of the CQAs under study for the Nimesulide granulate for unit-dose sachets before the dosage
operation. Comparable results were obtained considering the reference methods currently authorized

for the release of each of the manufactured batches based on the control chart shown above.

3.4.COAs Determination Involving an Offline NIR Method for Batch
Release

3.4.1. Materials and Methods

In this section, the materials and methods involved in the development and validation of the
gualitative and quantitative procedures involving an offline NIR analysis for the Nimesulide product

are detailed.

3.4.1.1.Calibration and Validation Sets for Qualitative Analysis

The samples used for the development and validation of the qualification analysis by NIRS for the
Nimesulide product are summarized in Table 3. 10. All production batches were properly prior
identified by the reference method. The active substance, the excipients, and the placebos, which
were prepared with all SM except the active substance, were used to test the specificity of the
procedure. Moreover, a pharmaceutical product that involved the same mixture of equipment was
included as a negative sample. The reasons for the choice of each product are described in the
presented table (see Table 3. 10). The samples used in the calibration set should include all possible
sources of variability to ensure that the calibration covers all ranges of interest. A set of MB was
carefully selected to include the variability source associated with the product and the manufacturing

process.
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Table 3. 10 Samples involved to calibrate, internally, and externally validating the qualification method for the Nimesulide

product.
Product Sample type Parameter Justification
Nimesulide Calibration, internal and external validation sets Specificity and Chemlcal_an_d_
product Robustness physical variability
Nimesulide Calibration, internal and external validation sets Specificity Active substance
Placebo Calibration, internal and external validation sets Specificity Without active
substance content
Sucrose Calibration, internal and external validation sets Specificity Main excipient
Orange essence | Calibration, internal and external validation sets Specificity Excipient
Citric acid Calibration, internal and external validation sets Specificity Excipient
Maltodextrin Calibration, internal and external validation sets Specificity Excipient
Cetostearyl Calibration, internal and external validation sets Specificity Excipient
macrogol
Dexketoprofen )
Trometamol 25 Negative sample Specificity C'I\gzgetréa,:ﬁeha?géggs
mg product P

3.4.1.2.Calibration and Validation Sets for Quantitative Analysis

The calibration set has to include the variability sources that potentially affect the NIR spectra. The
controllable factors were the active substance content, expanded +30% regarding the nominal
content, as well as the active substance manufacturer. Other uncontrollable factors could affect the
spectra, such as the water content and particle size. To take them into account, as an expected

variability, production samples used for the calibration set were accurately selected.

The strategy followed to expand the narrow range for the active substance content determination was
the next one: production samples after the granulation and final blending step were under and
overdosed with powder placebo and active substance respectively, to expand the concentration from
70 to 130% relative to the nominal value. Seven concentrations were included: 70, 85, 100, 115, 130,
as well as 95 and 105%, assigned as the acceptance intervals for the active content. 100 g was
considered as the prepared amount of samples. Using mixture design, three placebos were prepared
to expand the excipient variability from the final Nimesulide granulated mixture to around 5%. The
strategy followed was to modify around 5% of the composition for those considered majority
(nominal value higher than 5%), from the nominal value of placebo composition; sucrose and a
mixture from citric acid, macrogol, maltodextrin, and orange essence, reducing as much as possible
correlations between formulation components (information on placebos preparation is summarised
in Table 3. 11.
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Table 3. 11 Content in (%, w/w) for the three prepared placebos, expanded the excipient variability around 5 percent
from the nominal value from those considered majority.

Sucrose powder| Sucrose crystal |Citric Acid Cni?cslfgggxl/l Maltodextrin | Orange essence Plgggt;o
81.1 14.2 1.50 0.40 0.75 2.10 1
89.6 5.17 1.66 0.44 0.83 2.32 2
85.3 9.69 1.58 0.42 0.79 221 3

The calibration set included thirty-six laboratory samples and three runs at the nominal value for
each MB. Three different MB were included from one homologated active substance manufacturer
due to the arrival frequency. The prepared placebos were assigned randomly, expanding the placebo
variability to around 15% for sucrose crystal and 5% for the rest of the excipients for all the
concentration levels.

MB were carefully selected, including, where possible, different batches of SM, different expected
physical variability, and granulation by different operators. The structure of the prepared calibration

samples for each included MB is summarized in Table 3. 12.

Table 3. 12 Composition of the calibration and internal validation set for each MB of Nimesulide product. The active
substance was expanded from 70 to 130 % (%, w/w).

Batch . o
Use number Concentration level (%) MB (g) | API (g) | Placebo (g)
70 0 30
70
70 0 30
85 0 15
85
85 0 15
95 0 5
95
Calibration 95 0 5
and Internal MB MB-100 100 0 0
validation 99.7368 | 0.2632 0
105
99.7368 | 0.2632 0
99.2100 | 0.7890 0
115
99.2100 | 0.7890 0
98.4200 | 1.5790 0
130
98.4200 | 1.5790 0

The same strategy was followed for the external validation set preparation. The batches used for the
placebo preparation, and the active substance included were completely independent of the ones
involved in the calibration set preparation. Moreover, the three placebos in the validation set were

prepared on different days'?. The validation set included twelve laboratory-prepared samples and one
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run at the nominal value for the MB selected, completely independent from the ones involved in the

calibration set.

The amounts for placebos were identical to the ones described in Table 3. 11. Also, the amounts

involved at each concentration level were identical to the ones described in Table 3. 12.
3.4.1.3.Instrumentation
The NIR instrumentation parameters for the FT-NIR MPA Il instrument are summarized in Table 3.

13. The conditions were optimized on a suitability study where different spectral parameters were

tested to achieve the best spectral response.

Table 3. 13 Instrument configuration for the FT-NIR MPA 11 for Nimesulide product.

Parameter Specification
Model FT-NIR MPA Il (Bruker)

Individual sample holder with vial using an integrating
Measurement module sphere (22 mm diameter) and the measuring sample wheel
of 30 positions

Mirrors with cube corners in the interferometer

Dispersion principle ROCKSOLIDTM

Detector type High Sensitivity Thermo-Electric Cooler InGaAs
Acquisition mode Diffuse reflectance

Number of scans 32

Diameter of the area measured with the | Integrating sphere Macro sample: 12 mm diameter measured
measuring accessory Integrating sphere area

Spectral range (cm™) 11550-3950

Resolution (cm™) 16

Number of spectra per batch 10

The NIR method during routine analysis batches can be summarized as follows: after the packaging
step, the product was sampled*. Before the spectral acquisition, the background spectrum
corresponding to the dark background was acquired. Therefore, the content of each sachet was added
independently at different certified glass vials of measurement (22 mm diameter), and 10 spectra,
one for each sachet, considering the description for uniformity dosage analysis in the Ph. Eur chapter
for solid dosage forms®3, were recorded automatically with the integrating sphere macrosample
measurement module adapted with a sample wheel of 30 positions. The samples were homogenized

manually before the acquisition to guarantee spectra representativeness.
The instrument was daily qualified and maintained under a cGMP environment?®,

The HPLC technique was used as a reference (see chapter 3.2.2).

181



_ PART I1I-RESULTS AND DISCUSSION

3.4.1.4.Software

Different software were involved during the offline NIR procedure development and validation:

e OPUS from Bruker Optics: instrument daily verification. Spectra acquisition for laboratory
and manufacturing samples. OPUS IDENT and QUANT package for qualitative and
guantitative chemometric model development and validation.

e Solo by Pls_toolbox: exploratory analysis and preliminary model development.

3.4.2. Risk Assessment

Ishikawa diagram (Figure 3. 17) was done as a starting point for the risk analysis to detect possible
causes that can affect the NIR method development for the Nimesulide product“.

Material Process
Nimesulide active substance
Granulation
¢ Manufacturer
> ¢ Manufacturer

Excipients ¢ Particle size

«  Manufacturer * Humidity \

*  Physical characteristics N\ NIR method

"~ development

Calibration and Validation set

*  Representativeness
*  Homogeneity

Laboratory samples

Figure 3. 17 Ishikawa diagram for the NIR method development for the Nimesulide product.
The main areas of the Nimesulide manufacturing process, as well as the calibration and the validation
set development, were investigated to find the probable risk factors that might cause the failure of
the development of the active substance content quantification method based on NIR spectroscopy.
The risk analysis is shown in Table 3. 14. The severity ranking for associated risks to a NIRS method

was described as shown in Table 2. 11.
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Table 3. 14 Risk analysis and mitigation actions for the NIR procedure for the Nimesulide product.

Cause Rank Effect Mitigation
Material Medium risk expected. One manufacturer was included in
A —b 3 Two manufacturers are the calibration and validation set
Ctive substance. homologated. Differences in NIR | Wwith the MB due to the periodicity
Manufacturer ;
spectra of arrival
Material None expected. For all excipients, The two homologated
Excipients. 1 except for sucrose powder, one manufacturers were included with
Manufacturer manufacturer is homologated the MB. Both are used indistinctly
Material None expected. The initial physical
Em 1 cha}racteristics of granula_r Do not apply
) n excipients don’t affect the final
Physical properties particle size or water content
L aboratory samples _ _ Each Iabor_atory step to obtain
. Medium risk. Heterogeneous or Nimesulide product at the
Calibration and 4 non-equivalent laboratory samples laboratory scale was verified
validation set from MB involving validated
development physicochemical assays
The process was validated and the
Process Medium risk. The particle size has particle size didn’t have much
Wet granulation. 4 a huge effect on the NIR spectrum variability. Expected variability
Particle size (scattering effect) introduced on the calibration and
validation sets with MB
The process was validated and the
Process water content had to be less or
_ Medium risk. NIR is very sensitive equal to 5%. Expected variability
Wet granulation. 4 ; oo
o to water content introduced on the calibration and
Humidity validation set with production
samples

3.4.3. Development and Validation of a NIR Spectroscopic Qualitative
Analysis

Sub-cascading spectral library was used as an identification and qualification strategy for the
Nimesulide product. The identification spectral library was structured in one general library, which
includes all SM tested (placebo, excipients, active substance, and the studied pharmaceutical
product), and two sub-libraries at the second level. This cascading strategy was necessary to allow
resolving qualification ambiguities. Moreover, a pharmaceutical product manufactured with the same

equipment was included as a negative sample.

The spectral differences between the included materials (active substance, placebo, major excipients,
and MB) are shown in Figure 3. 18. The sucrose, as the major excipient, the placebo, and the MB
presented similar spectra. The active substance presented a specific spectral profile. A slight variation
in the wavelength was observed where the active substance presents one of its main peaks; between

6200 and 5300 cm™ (carbonyl group (R2CO)), as well as characteristics peaks in the area between
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9000 and 8000 cm™* (C-H bond), from 7000 to 6500 cm™ (R.NH bond) as well as from 4700 to 4000
cm?® (C-H bond)®®. These regions could be enough to observe differences between the Nimesulide
product and the placebo. The interval from 6200 to 5200 cm™* was considered as the interval range
with the main peak for the active substance to evaluate the possible differentiation between the

concentration levels of manufacturing products under-dosed and over-dosed.

]
FrSaL ‘ . ‘ . . . . w10
AP

Placebo

Crystal Sucrose
Powder Sucrose
B

—API

Flacebo
MB

25H

Absorbance (Mormalization pre-treatrnent)
Absorbance (Normalization as data pre-treatment)

0 . . . L L L L A . . . . . L L A
11000 10000 9000 5000 7000 5000 5000 4000 11000 10000 5000 8000 7000 5000 5000 4000
Wyavenumber (cm-1) Wavenumber (cr-1)

Figure 3. 18 Diffuse reflectance spectra for the active substance, placebo, major excipients (powder and crystal sucrose)
and MB for Nimesulide product. Normalization was applied as data pre-treatment. All wavelength ranges included.

Distance as factorization in a PC space was used as a discriminant criterion. For the first level, a wide
spectral range was selected (11000-4016 cm™) and first derivative S-G with 9 points of window
width followed by vector normalization were used as data pre-treatments. An ambiguous
identification for some of the materials included was obtained and automatically detected by the
chemometric software. The sub-library cascading strategy was applied including as a discriminant
method the factoring decomposition in a PC space.

The global threshold was adjusted after internal validation allowing correcting unambiguous
identification.

The detailed structure and parameters of the library are shown in Figure 3. 19.
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First Level
Active substance
Nimesulide product
Placebo powder
Anhidrous citric acid

1st derivative S-G (9
points) followed by
vector normalization

1100-4016 cm?

Second Level
Nimesulide product
Sucrose
Negative sample

2nd derivative S-G (9
points) followed by
vector normalization

8984-5816 cm'!

I —

2nd derivative S-G (9
points) followed by

Sucrose PS——— vector normallzatlon
Macrogol 7192-4032 cm
. Orange scent
Maltodextrin I

Maltodextrin

Orange scent .
Negative sample

Negative sample

Figure 3. 19 Spectral library for the identification and qualification of Nimesulide product.
The qualitative procedure of the Nimesulide product was validated following the specific guidelines,
including specificity and robustness parameters'2,

The specificity was tested by internal validation for each library and the sub-library considered the
spectra included in the calibration set. Each spectrum was used for calibration and internal validation.
As a result, the internal validation showed that all calibration spectra belong to each of the assigned
classes created (referred to each SM included). There were no ambiguities during the calibration
identification. All calibration spectra were used as positive and negative samples to confirm the
ability to identify all classes and to discriminate within them. The negative samples included were
correctly identified without ambiguities with the included classes. Moreover, the selectivity
parameter, automatically calculated by the OPUS software, demonstrated the unequivocal
identification of all the materials included in the library. The selectivity parameter showed a value
higher than 2 for 97 % of the included data thus showing that the classes are completely independent.
The remaining 3% includes those classes with grouping in contact but not with overlap (see Figure
3. 20).

4

Number of results

<1 1-2 2-3 3-4 4-5
Selectivity - 14 of 72 results displayed (58 results S > 5)

Figure 3. 20 Selectivity histogram for the qualitative model of Nimesulide product.
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The robustness was assessed by including a period timeline of one year, considering all the materials
included for the external validation set, being enough to include all possible relevant variables such
as SM variation, operating and environmental manufacturing conditions modifications, and

instrument-changes related to the Nimesulide manufacturing process.

If satisfactory results with the identification were obtained the quantitative procedure could be

applied.

3.4.4. Development and Validation of a NIR Spectroscopic Quantitative
Analysis

PLS has been the mathematical algorithm used for the active substance for uniformity of dosage unit
determination of Nimesulide product. The calibration set was used to calculate the model and the

external validation to optimize it.

The specific wavelength ranges included were from 9296 to 8648, 6280 to 5880, and 5048 to 4368
cm®, where the correlation between the NIR signal and the active substance content changes was
demonstrated. First derivative S-G with 17 of window width calculated with 2" polynomial order
followed by MSC was selected to maximize differences between concentrations (see Figure 3. 21).
The excluded ranges were not provided relevant information to improve the predictive ability of the
calibration model.
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Figure 3. 21 Diffuse spectral data for the calibration set. First derivative S-G with 17 points of widow width followed by
MSC as data pre-treatment. A) Spectral range from 9296 to 8648, 6280 to 5880, and 5048 to 4368 cm*. B) Spectral
range from 6152 to 5880 cm-L.

The number of factors was optimized with the external validation set to achieve the lowest RMSEP
value. Four factors were finally selected. Some spectra were excluded for presenting a predicted

content higher than the calculated by the reference method.

The scores plot for the factors included shows a sample trend related to the active substance content

through the second factor mainly (see Figure 3. 22).
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Figure 3. 22 Scores plot for the calibration set of the Nimesulide product NIRS PLS model.
Moreover, the loading plot for the factors included in the model was related to the principle active

substance bands (see Figure 3. 23).
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Figure 3. 23 Left) Comparison plot between active substance and placebo spectra. Right) Loadings plot for the model
factors (LV1 orange, LV2 pink, LV3 green, and LV4 light blue).

The figures of merit for the model development are shown in Table 3. 15.

Table 3. 15 Figures of merit for the model development of the active substance quantification by NIRS for Nimesulide

product.

Parameter PLS for active substance quantification
Number of samples included 61 (42 laboratory samples/ 19 MB)
Acquisition mode Diffuse reflectance
Spectral pre-treatment First derivative S-G with 17 points of window width followed by MSC
Range (%6) 69.86-133.02
Working range (cm™) 9296 to 8648, 6280 to 5880, and 5048 to 4368 cm'*
PLS factors 4
Explained variance (%) 96.6
Regression YupLc VS. YNIRs
slope 0.98
Y-intercept 3.37
RMSEC/RMSECYV (%) 2.74/2.81
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The scatter plot of the active substance content against the reference HPLC values showed a linear

relationship between the calibration and the validation sets (see Figure 3. 24).
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Figure 3. 24 Predicted vs. true values represented in a scatter plot for the calibration (up) and the validation set (down)
for Nimesulide product after PLS modelling.

The procedure validation including specificity, linearity, accuracy, precision, and robustness, was

designed according to the specific guidelines!?'61’ The figures of merit are presented in Table 3. 16.
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Table 3. 16 Figures of merit for the validation of the quantitative NIR procedure for Nimesulide product.

Parameter Results Conclusion
-The main peaks of the active substance were presented in the loadings for the
PLS modelling (see Figure 3. 23).
-Final product library developed by sub-cascading spectral library strategy
analysis for the calibration set, allows the unequivocal identification of each
Specificity group of samples included in the library (see chapter 3.4.3). The 'i\;lspsgﬁ?sdure
-MD evaluation. The limit was fixed by the software at 0.035. All the spectra
included for the validation set presented a lower MD than the critical one and
were considered spectrally similar to the calibration set, so the predicted values
obtained were reliable out samples up to the limit value (see Figure 3. 25).
Number of samples 17 (12 laboratory samples/5 MB)
Range (%) 70.0-129.6
Explained variance (%)
Linearity y-intercept £ IC (0=0.05) including 0 0.940 £ [-0.989:2.10] The N.IR.procedure
Slope + IC (0=0.05) including 1 0.994+ [0.979:1.01] is linear
R>0.95 0.996
The residuals between the reference HPLC and NIRS methods did not show
any trend regarding concentration levels (see Figure 3. 26).
Number of samples 17 (12 laboratory samples/5 MB)
A paired t-test (two tiles): t-calculated: 0.03 The NIR procedure
Accuracy t-calculated lower than t-tabulated t-tabulated: 1.98 is acourate
p-value higher than 0.05 p-value: 0.970
RMSEP (mg/qg) 1.32
SEP<1.4SEL 1.39<1.4x0.99
Precision SEP/SEL close to 1 1.32/0.99
Validation bias value close to 0 0.00544
Repeatability RSD (%) for 10 measures of the same 154 The NIR procedure

batch less than 5%

Intermediate

One-way ANOVA factor (day)
p-value higher than 0.05

F-calculated: 1.61
F-tabulated: 3.35

is precise

Precision F-calculated lower than the F- e
tabulated p-value: 0.220
The NIR procedure
Range Range>10SEP 30>10%1.32 presents a valid
range
Number of samples 162 MB
Robustness | A Paired t-test (two tiles): t-calculated: 0.930 The NIR procedure
t-calculated lower than t-tabulated t-tabulated: 1.98 is robust
p-value higher than 0.05 p-value: 0.350
UAL: ¥+3c 5.42
c | UWL: x+2c 3.67
JEB’S CL: x 0.16 The NIR procedure
Performance | FWL: X-20 -3.35 is under control
LAL: x-3c -5.10

Based on the calculated residuals
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Figure 3. 25 Scatter plot for MD for each included sample into the validation set of Nimesulide product.
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Figure 3. 26 Residuals plot vs assay values.

3.5.Conclusions

The correct maintenance of the CQAs for the Nimesulide granules before the dosage step is
demonstrated. The implementation of the PAT by NIRS demonstrated the applicability of the
technique through the product and process life cycle.

Moreover, the proposed offline NIR procedures allows the assay and content uniformity
determination of the pharmaceutical product only if the analyzed batch was previously satisfactorily

identified as a Nimesulide product using the validated NIR reference spectral library.

It was necessary to achieve the spectral data in diffuse reflectance with 32 scans and 16 cm™ of a
resolution, involving the integration sphere measurement module adapted with a sample wheel of 30
positions. As a result, the two-level spectral library structure demonstrated the unequivocal ability to
identify and qualify the Nimesulide product. Moreover, the PLS model including the first 4 factors
and working range from 9296 to 8648 cm, 6280 to 5880 cm™, and 5048 to 4368 cm, after the first
derivative S-G with 17 points of window width followed by MSC as data pre-treatment, was

satisfactorily validated in terms of specificity, linearity, accuracy, precision, and robustness.

Different parameters for spectral acquisition were tested without finding optimal results in terms of

linearity and accuracy.
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The proposed NIR methodologies allow the correct CQAs determination during the manufacturing

process and at the final Nimesulide product to guarantee the product quality before the batch release.
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PART III-RESULTS AND DISCUSSION _

4. QUALITY BY DESIGN AND CLEANING VALIDATION,
IMPLEMENTING A TOTAL ORGANIC CARBON METHODOLOGY

CV is a regulatory requirement based on the cGMP to prevent cross-contamination or adulteration
from the manufacturing equipment/systems, which can be safely used to manufacture consecutive
products (the same or different products are included). The word “product” could be referred to as

an active substance, a drug product, or other kinds of formulations®2.

The implementation of CV implies process understanding due to its criticality in pharmaceutical

manufacturing.
The lifecycle for the CV approach includes different steps?:

e Cleaning process design and development. The Standard Operation Procedure (from now on
SOP) has to be developed to reflect sufficient details to guarantee process consistency. The
SOP issues are detailed in Figure 4. 3.

Stablish the maximum hold time for a piece or
equipment

Steps for disassembly and assembly the
equipment

I Critical or difficult areas to clean I

Cleaning process parameters

l Cleaning schedules l

Methods, equipments and materials involving
during cleaning process

Visual inspection for product residual

Continued cleaning process verification

Figure 4. 3 SOP issues for cleaning process development.
e Process qualification activities have to be performed to demonstrate the consistency of the
cleaning process presented, including specific protocol runs.
e Ongoing validation maintenance.
e Cleaning verification for a specific cleaning event, including the visual inspection or/and

analytical verification.

The cleaning verification, which implies the evaluation of the effectiveness of the cleaning process,

involves the analysis of the samples carried out on the surfaces of the equipment based on the
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previously established limits. The analytical methods used to verify the absence of the contaminant
must be properly validated to demonstrate their ability to detect any remaining agent which could
compromise the safety, quality, and efficacy of the following batches of a drug within the studied

equipment.

The application of AQbD to the validation and, if considered, to the verification of the cleanliness of
the manufacturing processes of pharmaceutical products is presented in this case study. The
workflow is detailed in Figure 4. 4. The first step consists of the identification of the ATP and
selecting the analytical appropriate method. Then, the implementation of risk assessment to obtain a
rational understanding of CMP that affects the CAA of the analytical method. Then the strategy for
method development takes place including the implementation of the DoE, establishment of the
MODR, and the NOC. Finally, the ACS is defined, and the monitorization for continuous

improvement®4,

Identification of the
ATP

Continuous Method Design
Improvement Analytical technique selection

[ Risk assessment ]

[ Establish the ACS ] Understanding the CMPs

Method evaluation

Establish the MODR and define and
validate the NOC using DoE application

Figure 4. 4 Workflow for AQbD implementation
Specific documentation has to be prepared to assure a reliable, reproducible, and effective cleaning
procedure allowing the reduction of the interested contaminants below the specified acceptable limit.
The guidelines published related to CV are detailed in Table 4. 1.
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Table 4. 1 List of guides published by organizations and regulatory agencies related to CV.

Organism Title Status

FDA Guide to Inspections of Validation of Cleaning Processes® Approved (1993)
WHO Supplementary Guidelines on Good Manufacturing Practices: Validation® | Approved (2006)
PDA Technical Report N° 29. Points to Consider for Cleaning Validation? Approved (2012)

Guidance on aspects of Cleaning Validation in Active Pharmaceutical

APIC Ingredients Plants’ Approved (2014)
Guidelines on Setting Health-Based Exposure Limits for use in Risk

EMA Identification in the Manufacture of Different Medicinal Products in Shared | Approved (2014)
Facilities®

EU-GMP | Annex 15: Qualification and Validation? Approved (2015)

Active Pharmaceutical Ingredients Committee (APIC).
European Medical Agency (EMA).
Parenteral Drug Association (PDA).

Different analytical methods were used for the CV. Historically, specific analytical methods such as
HPLC, have been the most commonly used for the quantitation of the residual agent for CV. Over
time, the indirect TOC technique is involved due to its better process understanding, faster sample

analysis, the opportunity for atline or online efficiency gains, and lower operating costs.

TOC could be applied to any residue containing significant amounts of organic carbon in its chemical
formula. The common strategy to use the TOC technique is to assume that all residues detected come
from the worst-case target residue (for example the API). Selecting a compound with adequate
aqueous solubility is a key characteristic for the good use of the technique?. To consider the feasibility

of the TOC analysis three main factors have to be considered®:

e Cleaning process and sample compatibility. Understand the possibilities of the sampling
process (see chapter 4.1.2)

e Limit acceptable criteria for the cleaning process (see chapter 4.1.2).

e Agent solubility and recovery (from now on abbreviated as R) during cleaning (see chapter
4.2.2).

TOC methodology is also described in the Pharmacopoeia (Ph. Eur., USP, and the Japanese
Pharmacopoeia)'®*2, Pharmacopoeia specifies a maximum limit value of TOC according to the type
of water evaluated being the specific limit for the purified water involved in the pharmaceutical
industry <500 ppb TOC.
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This chapter aims to describe the strategy followed to approach the CV after the pharmaceutical
manufacturing of any product that contains DKP-T as an active substance for the TOC technique

installed in an online mode as an alternative to the actual reference analytical method based on HPLC.

4.1. Materials and Methods

This section describes the instrumentation involved, the samples analyzed, and the software used

through the development of this experimental chapter.

4.1.1. Total Organic Carbon Instrument

The instrument involved was an online M9 TOC Sievers adapted with an online sampling system
(i0S) for offline measurements. Key parameters for TOC experiments include the acid and oxidant
flow rate (1.0 and 1.8 pL/min), optimized during the analytical method development, and the default
values by the instrument vendor: 4 injections per sample analyzed (first cleaning injection of 7 min

that are rejected, and 3 more injections around 2 min each).

When performing TOC testing, it is important to minimize contamination risks. Certified low TOC

vials (with TOC value <10 ppb) were used to ensure the representativeness of TOC measurements.

4.1.2. Sampling Methods

To evaluate the cleaning effectiveness, the residue amount in the equipment after the cleaning can

be determined involving two different sampling methods:

¢ Rinse sampling. The sampling strategy is internally standardized at LMSA and involves a
flowing solvent to remove the residue (which is commonly water, if not a water/organic
solvent mixture, an aqueous solution, or an organic solvent). The strategy followed for the
rinse sampling at the production equipment is based on taking an aliquot from the final rinse
solvent of the cleaning process. In the case of laboratory-prepared samples, rinse sampling
was simulated by suspending a spike coupon over a clean collected surface, from the
prepared stock solution, and the solvent solution cascaded across the surface into the TOC

vial (prepared in 25 mL of solvent) *. See Figure 4. 5.
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Stock Solution ﬁ ﬁ

Figure 4. 5 Rinse sampling for laboratory-prepared samples.

e Swabbing. The strategy followed for the swabbing is internally standardized at LMSA
involving wiping the equipment surface with fibrous material (polyester-tipper swab) and
transferring the residue from the surface to the fibrous material. Then, the material is placed
in a solvent solution which is analyzed. In the case of laboratory-prepared samples, the
swabbing was simulated to suspend a spike coupon, from the stock solution, above a clean
collected surface. Once the amount spiked was dried, the residue is removed with swabbing.
A polyester-tipped swab was moistened with the solvent and passed through the surface
previously spiked with an aliquot of the target residual, sampling 25 cm?, and poured into
the TOC vial %. See Figure 4. 6.

& -—) wil - [ [@T

Stock Solution

i
R
e
e

Figure 4. 6 Swabbing for laboratory-prepared samples.
The choice for rise sampling or swabbing depends on the type of manufacturing equipment. Rinse
sampling is used as the starting point for evaluating equipment cleanliness. During rinsing, the entire
product-containing the surface is wetted!. However, swabbing is commonly involved in
hard-to-clean areas, allowing the analysis of the target residue on specific surfaces. If swabbing of

the selected areas is not easy enough, rinse sampling is presented as an alternative’.

Different types of surfaces, including stainless steel, epoxy resin, and plastic, could be involved. All
of them should have different recoveries during sampling. For this reason, recovery studies during
method validation are necessary when applying sampling methods to determine residues (see chapter
4.2.2)°

Moreover, three specific samples in the solvent solution (a solvent in which the target residual is

completely soluble) have to be prepared to achieve representative results:
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e Stock solution is prepared in a volumetric flask as a concentrated solution from which
laboratory rinse samples and swabbing, as well as reference samples, are prepared by dilution
to multiple concentrations.

o Reference sample is prepared in a volumetric flask at the studied concentration. The same
amount of the agent that the once-to-be spiked up to the studied surface is added directly to
a specific volume of solvent solution (25 mL).

e Blank sample for each sampling methodology, prepared in the laboratory but without the

contaminant agent studied, following the same strategy as for the samples.

Finally, the sealed TOC vials are sonicated for 10s to be homogenized before TOC analysis (see
chapter 4.2.2.).

4.1.3. Acceptance Limit Calculation

The calculation of the acceptance criteria defined as the maximum allowable carryover (from now

on MACO) is based on the acceptable daily exposure (from now on ADE) following Equation 4. 17

ADExMBS
ADE: mg/day.

MBS: the minimum batch size for the next product (mg).

TDD: the standard therapeutic daily dose for the next product (mg/day).

Equation 4. 1.
If a homogeneous distribution is assumed on all studied surfaces, the organic carbon concentrations
for the stock solutions are calculated as shown in Equation 4. 2 and Equation 4. 3 for the rinse and

swab test limit, respectively”®.

MACO
Total sampled surface

\

X %C = ppm C

Milligrams C

o%C =
% Molecular Weight

C: carbon atom.
Milligrams C: n® C*molecular weight C.
Total sampled surface: surface sampled for the evaluated equipment (dm?). Commonly 0.25 dm?,

V: solvent volume in the TOC vial (L).

Equation 4. 2.
MACO

X %C = ppm C
Equation 4. 3.
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In the case of the swab test, during CV and verification, hard-to-clean parts should be determined

and selected as the worst-case limit for the whole equipment train.

In this study, specific acceptance limits were calculated for both sampling methods described in
Table 4. 2.

Table 4. 2 Acceptance limits for rinse sampling and swabbing.

Sampling Method UAL TOC (ppm) | LAL TOC (ppm)

Rinse sampling 6.21 0.58
Swabbing 2.56 0.13

4.1.4. Sofware

The M9 laboratory analyzer interface (Suez, USA) was used for data acquisition, and the M9 online

analyzer interface (Suez, USA) for instrument control.

Excel 2019 (Microsoft Office) was used for general statistical calculations.

4.2. Method Development

This section describes the method development involving the risk assessment for method variable

selection and the method optimization.

4.2.1. Risk Assessment Implementation

A risk assessment based on FMEA methodology*® was developed to evaluate the impact of each
method variable (CQAS), including selectivity, linearity, accuracy, the LoD, the LoQ, precision, and
robustness (see Table 4. 3)'4. A factor W for each CQA was considered (see Table 4. 4), to be the
resulting quality of the S, see Table 4. 5), the P of the error occurrence (see Table 4. 6), and the D of
the error (see Table 4. 7). As a result, the RPN or the CN 3* were calculated (see Equation 1. 12.
from Part I11).
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Table 4. 3 CQA description®®,

CQA

Interpretation

Selectivity

Ability to unequivocally ensure that the presence of organic carbon is due to the tested
substance and not to any other expected external substance

Linearity

Ability to confirm that the concentration of the target residue is directly proportional to the
TOC measurement

Accuracy

Referring to the closeness between the experimental results and the theoretical results.
Recovery (rinse sampling/swabbing) experimental concentration vs. theoretical concentration

LoD

The lowest detectable concentration. Evaluation of whether a signal is the result of instrument
noise or the response of the compound

LoQ

The lowest quantifiable concentration

Precision

Measured as the standard deviation or the RSD %. Related to the closeness with which multiple
analyzes of a given sample agree with each other

Robustness

Ability to remain unaffected by small but determined variations

Table 4. 4 W criteria.

W Description

1 Low impact on the total quality of the result to be obtained

3 Intermediate impact on the total quality of the result to be obtained

5 High impact on the total quality of the result to be obtained

Table 4. 5 S criteria.

Description

1 | Low impact: CQA is affected by a severe failure in the method variable

3 | Intermediate impact: CQA is significantly affected by a severe failure in the method variable

High impact: CQA is significantly affected by a soft failure in the method variable (sensitive to method
variables)

The S parameter is calculated as the sum of all the severity values for each CQA multiplied by the

factor weight for each CQA divided by the sum of the factor weights, see Equation 1. 13. from Part

Table 4. 6 P criteria.
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Table 4. 7 D criteria.

P Frequency of occurrence D Probability of detection
1 Highly improbable 1 Very high

2 Remote Possibility 2 High

3 Occasional 3 Medium

4 Probably 4 Low

5 Frequent 5 Very low
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Risk situations were considered for two different scenarios:

o Where the combination between W*S was equal to or greater than 105. This means that 2 of
the 7 CQAs contain the highest values of W and S or the intermediate values of S and the
highest values of W.

e RPN>35, where the combination between W*S was 90 or greater. This means that at least 1
of the 7 CQAs contains the highest values of W and S, and the values of P and D were equal

to or greater than 3.

The ones considered critical were marked in red coloration in the risk assessment table. The risk was
considered significant and the proposed mitigation actions were established to, as far as possible,

eliminate, reduce, or control possible errors. See Table 4. 8.

Some mitigation actions require experimental studies that are summarized in chapter 4.2.2, including
agent solution solubility, stability of agent solution, TOC consumables ratio, black influence, and

optimization of extraction conditions after swabbing sampling strategy.
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Table 4. 8 FMEA risk assessment for the analytical TOC procedure.

CQAs of the TOC analytical method | Selectivity | Precision | Accuracy LoD | LoQ Linearity | Robustness
w 1 5 5 1 3 3 5 Causes of the Proposed
S D| RPN preventive
error -
actions
Analytical . - Error . . . s
Procedure Potential error effect** 1: Null 3: Medium 9: High
Solubilization Obft;':;ng Solubility study
of the agent Non-solubilization of . of the agent to
- negatives. Erroneous
to be the agent in the solvent . be evaluated
. Low 1 9 9 3 3 3 9 selection of the .
evaluated in chosen to perform the repeatabilit solvent solution (experimental
the solvent TOC measurement P Y and
solution of the TOC bibliographic)
9 measurement
®
=
o Low Lo Blank TOC
>|
= substance 3 9 3 3 3 3 9 Evaporation time 1 17 measurement
= concentration is not enough. The for the same
! possible effect of A
Low experimental
5 ; the solvent !
= time . o solution on the conditions and
= High Obtaining verification by
= substance false 3 9 3 1 1 3 9 TOC 1 16 visual
2 concentration iti measurement ; ;
(= ) Evaporation positives. inspection
| Preparation of time Low
8| the solution to repeatability
S be evaluated Low of the TOC A ibl Control. as far
o substance measurement 3 9 1 3 3 3 9 A possible ontrol, as 1a
o ) concentration influence of as p_ossnble, the
5 High external factors environmental
2 time . such as and working
< High environmental conditions, as
= substance 3 3 1 1 1 3 3 22 conditions 3| 20 far as possible
s concentration
&
g L
g Low Obtaining
el substance false 1 9 3 3 3 3 9
0 Homogenizati concentration negatives or . Evalu_ate the
on of the ositives Not enough time experimental
- Low POSILIVES, for the complete design for the
solution for - respectively. LT .
time i homogenization selection of the
- of the solution optimal
measurement substance repeatability 1 9 1 1 1 3 3 34 3| 31 conditions
concentration | ©fthe TOC
measurement
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CQAs of the TOC analytical method | Selectivity | Precision | Accuracy LoD | LoQ Linearity | Robustness
w 1 5 5 1| 3 3 5 Causes of the Proposed
S D| RPN preventive
error -
actions
Analytical . - Error . . . .
Procedure Potential error effect** 1: Null 3: Medium 9: High
Error in the choice Stlatlsycal f
) of the eva _llj_atlon 0
Samplfe An exper_lmental Obtaining experimental oc
preparation process with many false positives 3 3 1 3 3 3 9 3.9 rocedure. A measurements
by dilution dilutions P proceaure. for different
possible influence .
experimental
of external factors
o procedures
§ Preparation of
g the solution to Instability of the Establish an
o be evaluated Preparation of TOC experimental
-g the solution measurement due procedure for
= Solution Unstable sample every time to the influence of the evaluation
9 stabilit during normal working you want to 3 9 3 3 3 3 9 5.6 | the stability of the 3 34 of the stability
5 y conditions evaluate. solution and/or the of the solution
3 Obtaining influence of in different
g false positives environmental working
4 conditions conditions
|
_8 ..
= Low concentration Obtaining 9 9 3 9 9 3 9 Influence of
@ . false positives . -
< According to external factors: Repeatability
= and/or false - .
= the negatives environmental evaluation of
8 methodology gal conditions, the blank and its
g Blank - regarding the . -
g - used in the L 2 analytical influence on the
—| preparation . identification
< preparation of High concentration and 3 9 3 3 3 3 9 procet_jure, solvent TOC
5 the solution to uantification solution, etc., on measurement of
g be evaluated gf the studied the TOC the substance
§ substance measurement
i
Etfect of the Low concentration ’ 3 ’ S S 3 ’ Influence of ens:/icl)'r;:rc::e%ftal
. surface used False -
Swabbing - environmental and work
to perform the positives o -
test conditions conditions, as
es High concentration 3 3 3 1 1 3 3 2.7 3| 32 far as possible
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CQAs of the TOC analytical method | Selectivity | Precision | Accuracy LoD | LoQ Linearity | Robustness
Proposed
W 1 5 5 1 3 3 5 Causes of the :
S RPN preventive
error -
actions
Analytical . - Error . . . .
Procedure Potential error effect** 1: Null 3: Medium 9: High
Low Insufficient Visual
substance 9 9 9 9 9 3 9 L 33 inspection and
concentration evaporation time. verification b
Influence of the y
TOC
Low solvent or
time ; environmental measurement.
High conditions on the Planning
N substance 9 3 9 1 1 3 9 Toc 22 standgrdlzedl
& . concentration experimental
E Evaporation False positive measurement procedure
IS time
3
“ Low
2 substance 3 3 3 3 3 3 9 3.0 Control of
g Higy  concentration Influence of the environmental
= tir'ge environmental and working
E High conditions conditions, as
2 substance 3 3 3 1 1 3 3 2.7 32 far as possible
= concentration
g Swabbing
2 Soaking the swab
2 with the solvent
S| -
3 . solution for too
2 Sats\;iﬂ(;ﬂeo:;m rs1\;vab 3 9 9 1 1 1 9 long. Do not drag 13
o the entire )
= evaporated sample Estab]nsh an
g with the swab experimental
2 Obtaining procedure for
= Swabbing false sampling b_y
S procedure neaatives swab following
i g the internal
Not immersing the instruction of
ici LMSA
Lack of solvent on the 1 9 9 1 1 1 9 svyab sufficiently 12
swab in the solvent
solution
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CQAs of the TOC analytical method | Selectivity | Precision | Accuracy LoD | LoQ Linearity | Robustness
Proposed
W 1 5 5 1 3 3 5 S Causes of the RPN preventive
error actions
Analytical . - Error . . . .
Procedure Potential error effect** 1: Null 3: Medium 9: High
Low Low There is no
substance repeatability 9 9 3 9 9 9 9 extraction of the
Low concentration | of the TOC substance to
time measurement. analyze the swab.
High Obtaining Incorrect selection
substance false 3 9 3 1 1 3 9 of extraction Optimization of
= concentration negatives conditions the extraction
% Extraction time through the
E Low A possible effect construction Ofl
3 substance Low 3 3 3 3 3 3 3 3.0 of the hyssop. 27 | @n exdper_lmenta
& concentration | repeatability Influence of esign
2 Swabbing High of the TOC environmental
8 time . measurement. conditions.
g High Obtaining Incorrect selection
S substance false positives 1 3 1 1 1 1 3 19 of extraction 7
E concentration conditions
=
|
% LOW. . Optimization of
= repeatability extraction
& Insufficient agitation, of the TOC Incorrect selection mode. usin
5 incomplete substance | measurement. 1 3 9 3 3 3 9 of the agitation ex eri’mentgl
g extraction Obtaining mode pdesign
E fals_e construction
= negatives
i
&
£ Low substance Low 9 9 9 3 9 9 9
b concentration .
g repeatability
L of the TOC Use new TOC
- measurement. vials.
prse?Jl:rtz;?iTJn Obtaining Reussig:‘sTOC Certification of
High substance falsfe 3 3 3 L 3 3 o 43 analysis <10
concentration negatives : ppb TOC
or/and
positives
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CQAs of the TOC analytical method | Selectivity | Precision | Accuracy LoD | LoQ Linearity | Robustness
Proposed
w 1 5 5 1 3 3 5 S Cauz:?:‘.’ ;Jrf the RPN preventive
actions
Analytical Potential error* Error 1: Null 3: Medium 9: High
Procedure effect** ’ ’ - hig
Obtaining
false
negatives.
. Design of
At high experiments for
substance the selection of
Low flow concentration, 1 9 3 3 3 3 9 33 | the flow of acid
Reagents insufficient . and oxidant
involved flow to Incorrect selection The '
during TOC Oxidant flow oxidize the of measurement specifications
measurement entire sample. conditions described in the
Not internal work
reproducible instruction by
. LMSA are
g considered
‘%) Incorrect
Bl High flow operating 1 1 1 1 1 1 1 1.0 4.0
3 conditions
IS
(5]
§ At high
= concentration
3 of substance
= insufficient DoE for th
flow to 0OE for the
Low flow oxidize the 1 9 3 3 3 3 9 83 selection of the
. . entire sample. flow_(cj)f atu%?nd
e S e
- Acid flow alse of measurement - -
during TOC negatives conditions dgscrlbed in the
measurement internal work
At high instruction by
19 LMSA are
substance considered
High flow concentration, 1 1 1 1 1 1 1 1.0 40
excessive flux ' '
for complete
oxidation
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CQAs of the TOC analytical method | Selectivity | Precision | Accuracy LoD | LoQ Linearity | Robustness
Proposed
w 1 5 5 1 3 3 5 S Causes of the p| bl RPN preventive
error -
actions
Analytical . - Error . . . .
Procedure Potential error effect** 1: Null 3: Medium 9: High
Measurement
time
established Organization of
according to the
internal experimental
. LMSA . o L Influence of process,
Time between instruction. High wait time Obtaln_lr!g 1 3 3 1 1 3 3 2.6 ambient 2|1 5.1 grouping the
measurements - between replicates false positives L : .
- Time conditions replicates in the
2 established by measurement
Kz LMSA to interval of 1
§ carry out the hour
I measurements
S of 1 hour
E:
g
2 Obtaining Control of
a - L -
§ Ambient light Presence_ of ambient false positives 9 3 1 1 1 3 9 38 21 76 W(_)r_kmg
. light and/or conditions, as
The working negatives far as possible
environment Influence of
while taking environmental
TOC conditions Control Oft |
measurement Organic Presence of organic Obtaining environmenta
solutions solutions false positives o 9 3 3 3 3 o 2|1 12 and working
p conditions, as
far as possible

*Agent is understood, in this case, as the set of evaluated APIs.

**False positives and/or negatives, refers to obtaining a TOC measurement higher or lower than the theoretical one calculated, and therefore the one prepared experimentally.
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4.2.2. Method Optimization

This chapter describes the factors evaluated for method optimization for the DKP-T contaminant
based on the preliminary risk assessment.

4.2.2.1. Agent Solution Solubility

DKP-T is a high-water soluble agent. The solubility of the agent was checked with a homogeneous
7.60 ppm TOC solution.

4.2.2.2. Stability of Stock Solution

The stock solution at the higher TOC concentration (20% above the UAL TOC, 7.60 ppm) was
demonstrated to be stable during 6 hours under normal working storage conditions (24°C at 65%
HR). Based on a two-way ANOVA statistical test, the stability of the solution was demonstrated
considering sample preparation and day as critical factors. The statistical p-value obtained, in both
cases, was higher than the specification (significance level of 0.05); 0.41, and 0.29, respectively.

Moreover, based on a two-way ANOVA statistical test, the stability of stock solution was
demonstrated to be stable during 4 days under 4°C storage conditions. The statistical p-value obtained
for sample preparation and day factors was higher than the specification (significance level of 0.05);

0.16, and 0.11, respectively.

4.2.2.3. TOC Consumables Ratio

The acid and the oxidant flow rate were specifically selected depending on the concentration range
evaluated. The student solution was considered at the higher TOC concentration (20% above the

maximum acceptable TOC value, 7.60 ppm) and prepared as a stock solution.
The acid flow rate was established at 1.00 pL/min as a supplier recommendation.

The acceptance criterion to achieve an optimal oxidant flow rate was established with recovery
results>80% and an RSD<1%.

The oxidant flow rate was selected based on a quadratic DoE model including 5 experiments and 3
central points (by duplicates) variating within the specific range proposed by the supplier (from 0.7

to 2.8 pL/min). The acid flow rate was established as a constant variable.

Because the data does not follow a linear trend (see Figure 4. 7 and Table 4. 9), it was not possible
to extrapolate the data and thus choose the optimal oxidant flow. Therefore, considering the R data

obtained (described in Equation 4. 4), the first one closer to 100% and with a value of RSD<1% was
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considered the optimal oxidant flow value (1.8 pL/min). It was verified that if a lower oxidant flow

had been chosen, it would not have a sufficient oxidizing capacity for the concentration studied.

Equation 4. 4.
110
105
100
95
90
80

N1 N2 N3 N4 N5 N6 N7 N8
EM1 mM2

Figure 4. 7 N. © of experiments vs. R (%) for the development of the TOC method of the DKP-T (N1 to N6 experimental
conditions; M1 and M2 each replicate).

Table 4. 9 Conditions of acid and oxidant flow rate for each experiment.

N. © of experiment | Acid flow rate (uL/min) | Oxidant flow rate (uL/min) | R (%) RSD (%0)
N1 1 0.700 91.8 8.49
N2 1 1.30 102 5.00
N3 1 1.80 104 0.745
N4 1 2.30 105 0.570
N5 1 2.80 104 0.660
N6 1 1.80 104 0.702

4.2.2.4. Blank Influence on the Evaluated Sample

The blank contribution was shown to be significant during the measurement of the agent in the

solvent solution?®.

The blank was prepared from purified water from the production plant. Greater representativeness
and reproducibility were observed for the working concentration studied when the preparation of the

working samples was carried out with this same water.

Moreover, the experimental evaluation of the effect of the blank was carried out with the preparation
of 6 independent blanks, considering the same preparation as that carried out for the LAL of TOC
for the set of samples to be prepared (reference sample, rinse samples and swabbing samples), using

213



PART I1I-RESULTS AND DISCUSSION

purified water as solvent. This experiment was repeated over two days. The acid and oxidant flow

rates for the TOC measurement set were 1.0 and 1.8 uL/min, respectively.

A two-factor ANOVA statistical test was performed with a single sample per group and significant
differences were obtained between the factors evaluated (p-value<0.05) (including the factors: day,
samples, and experimental procedures). As a result, the preparation of a blank for each set of

experiments was performed before each studied sample preparation.

4.2.2.5. Optimization of Extraction Conditions After Swabbing

A full factorial DoE was developed including different time and agitation modes (vortex and

ultrasonic agitation) and time within 1 to 10 min (see Table 4. 10).

Table 4. 10 DoE experimental conditions.

Type of agitation Vortex R (%) RSD (%) | Ultrasonic R (%) RSD (%)
1 98.2 1.33 1 100 0.640
Time 1 (min) 1 98.8 2.47 1 102 0.890
1 101 3.29 1 95.4 0.290
5 101 0.950 5 98.9 1.20
Time 2 (min) 5 98.8 1.40 5 96.5 1.93
5 96.1 0.780 5 94.0 0.830
10 100 1.33 10 99.4 0.660
Time 3 (min) 10 101 1.23 10 99.4 0.550
10 97.9 0.220 10 96.1 0.340

Based on a two-way ANOVA statistical test with various samples per group (three), there were no
significant differences between samples for any of the modes of agitation (including as critical
factors: sample, time, and agitation mode) obtaining a p-value>0.05. The acceptance criterion will
be marked by the lowest RSD value (%) within experiments, to demonstrate the repeatability of the
data. The selected condition was 10 min by ultrasonic agitation to achieve an homogeneous mixture
with a simple agitation mode and with less interaction of the analyst, since the %R factor was >80%

in any of the evaluated agitation methods.

4.3. Method Validation

The ICH Q2 (R1) and (R2) guidelines'®'’, and the specific TOC guideline’ refer to the requirements

to validate the TOC methodology. The acceptance criterion is summarized in Table 4. 11.

The detailed results for each validated parameter are included in this section.
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Table 4. 11 Table of merit for DKP-T TOC method validation.

Parameters Acceptance criterion Result
A Without significant differences between techniques for the
Specificity purified water TOC value (HPLC-TOC) PASS
Response vs Concentration. Linear relationship. PASS
y=ax +b PASS
Linearity ryr2=0.990 PASS
Y-interception (b) PASS
Confidence Interval (CI) including 0 with a probability of 95%. PASS
LoD % lower than the LAL of TOC. PASS
100 PASS
S
LoQ p-value>0.05 PASS
IC (p=0.05) includes the calculated concentration PASS
R>80 % PASS
IC (p=0.05) PASS
Accuracy
Statistical test t-Student p-value>0.05 (95% confidence level) PASS
Featcutated<Frabutated /p-value>0.05 PASS
R>50 % PASS
R% IC (p=0.05, n-1) (%) PASS
Fcalculated<FTabulated / p-value>0.05 PASS
Overall RSD <10.0% PASS
Precision. Repeatability
RSD for each concentration level~30% PASS
. . Without significant differences between days for each
Precision. Ir_1t_ermed|ate concentration PASS
Precision
p-value>0.05
Robustness Paired t-test: tearcutated<ttabulated PASS

4.3.1. Specificity

The specificity evaluation was developed for two different concentration levels, 80 and 120 percent
of the highest value for the UAL TOC, 6.20 ppm TOC (see Table 4. 2). The prepared samples were

analyzed by the TOC method developed, and the one currently authorized as a reference method.

Based on a one-way ANOVA statistical test non-significant difference was obtained between

methods (the probability (p-value) was greater than the significance level (¢=0.05) with a confidence
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level of 95 percent, and the variance between samples was lower than the variation within samples
(Featculatea<Frabulated) ). Moreover, the RSD in percent between both methods was lower than 1 (see
Table 4. 12).

Table 4. 12 Result table for the detection of organic carbon with authorized and TOC methods.

Method Sample (%) Measured value (u1g)

80 185
TOC 120 283
Blank 4.30
80 188
Authorized HPLC method 120 281

Blank Not detected

RSD (%) between techniques<1
One-way ANOVA (method as a critical factor): p-value>0.05 (0.24); Fcaicutated<Frabulated (2.66<18.51)

4.3.2. Detection and Quantitation Limits

The LoD and LoQ parameters were calculated considering the included variability in the set of
samples prepared for the regression line due to the criticality of the sample preparation and the

evaluated blank effect during sample measurements.

Five concentration levels were included along the studied range being an estimated LoD
concentration, the LAL of TOC for DKP-T for the overall sample methodologies. This concentration
was expanded around +20% (60, 80, 100, 120, and 140% from the specified lower acceptable
concentration). Three replicates were analyzed for each concentration level. The validated
parameters were calculated following Equation 4. 5.

LD_3.30L _100
oD = T 0Q = 5

Where:

o standard deviation associated with the y-intersection for the evaluated regression.
S: standard deviation associated with the slope.
Equation 4. 5.
The regression line is presented in Figure 4. 8.
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Figure 4. 8 Regression line for the LoD and LoQ evaluation.
The y-interception obtained was -9.79 and 10.01 was the standard deviation associated with the slope
value. An LoD of 31.5 ppb TOC and an LoQ of 95.5 ppb TOC were calculated.

The results were validated for both parameters with 6 replicates for each!’ (see Table 4. 13).

Table 4. 13 LoD and LoQ validation.

N° of sample Corrected TOC value (ppb) R (%)
LoQ-1 75.2 77.8
LoQ-2 90.2 93.4
LoQ-3 70.2 72.7
LoQ-4 111 115
LoQ-5 89.2 92.3
LoQ-6 160 166
IC confidence level 95% (ppb) [66.9-139]
Statistic t-student p-value (confidence level 95%, a=0.05) 0.866>0.05
Calculated TOC value (ppb) 97.0
Sample Corrected TOC value (ppb)
LoD-1 30.5
LoD-2 57.0
LoD-3 16.5
LoD-4 33.2
LoD-5 41.2
LoD-6 55.2
Calculated TOC value (ppb TOC) 32.3
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4.3.3. Linearity

The linearity was evaluated for six concentration levels'’ including the 12.5, 25, 50, 100, and 120%
from the UAL TOC value and the 80% from the LAL of TOC, including both sampling
methodologies (see Table 4. 2).

Reference sample preparation was followed by spiking the stock solution prepared at the specified
working concentration to the calculated volume for the solvent solution, directly into the TOC

measuring vial.

The linear regression is shown in Figure 4. 9. Based on a preliminary visual inspection, a linear trend
was observed. The calculated R and the R? were 0.9999 and 0.9996, respectively, obtaining a good
model fitting. Moreover, the Cl included 0 (-0.062:0.029).

| Corrected TOC value = 1.0012*Theoric TOC value- 0.0162

O P N W P~ Ul OO N O

o
=
N

3 4 5 6 7 8
Calculated TOC value (ppm)

Corrected TOC value (ppm)

Figure 4. 9 Linear regression evaluation.

4.3.4. Accuracy

The accuracy was evaluated after the linearity was achieved. Three concentration levels were
analyzed, for the UAL TOC values selected as the worst-case concentration, being 80, 100, and 120
percent, including both sampling methodologies (see Table 4. 2). Each concentration level was
analyzed in triplicate for the reference sample'’. Moreover, for both sampling methodologies, the
three different surfaces used for the equipment involved during CV were studied including stainless

steel, plastic, and epoxy resin, to simulate manufacturing equipment.

One of the critical parameters evaluated during accuracy validation was the R%. The reported R
values were the average of three individual samples expressed as shown in Equation 4. 6. It was
calculated based on the measured TOC values of the working solution and the reference solution.

The subtraction of the TOC reading of the blank solution was considered?®.
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. _ TOCy
YoRecovery = TOC x100
R
Where:

TOCR: TOC reading solution for the reference sample subtracting the TOC blank measure.

TOCw: TOC reading solution for the studied sample subtracting the TOC blank measure.

Equation 4. 6.

The obtained results are shown in sections 4.3.4.1, 4.3.4.2, and 4.3.4.3, being accepted results as the

criterion established in Table 4. 11.

4.3.4.1.Accuracy Test for the Reference Sample

The accuracy results for the reference samples are presented in Table 4. 14. All results meet the

criteria specified in Table 4. 11, without significant differences between concentration levels for each

acceptable limit evaluated.

Table 4. 14. Accuracy validation results for calculated acceptable TOC limits for the reference sample.

120 100 80
UAL (6.21 ppm TOC)
x (ppm) 7.92 X (ppm) 7.07 X (ppm) 4.97
s (ppb) 0.60 s (ppb) 0.46 s (ppb) 0.28

IC (ppm) [6.10-9.08]

IC (ppm) [5.33-7.60]

IC (ppm) [4.29-5.66]

p-value (95% confidence level) 0.506

p-value (95% confidence level) 0.420

p-value (95% confidence level) 0.695

%R 104 %R 104 %R 102
Cl (%R) [84.0-124] Cl (%R) [86.6-122] Cl (%R) [88.01-115]
One-way ANOVA (concentrations): Feaiculated < Frapulated (0.14<5.14); p-value>0.05 (0.87)
LAL (130 ppb TOC)
X (ppb) 155 X (ppb) 131 X (ppb) 104
s (ppb) 111 s (ppb) 2.56 s (ppb) 1.42

IC (ppb) [127-182]

IC (ppb) [124-137]

IC (ppb) [100-107]

p-value (95% confidence level) 0.756

p-value (95% confidence level) 0.777

p-value (95% confidence level) 0.556

%R 98.6

%R 99.9

%R 99.7

Cl (%R) [81.1-116]

CI (%R) [94.8-105]

CI (%R) [96.1-103]

One-way ANOVA (concentrations): Feaiculated < Frabulated (0.68<5.14); p-value>0.05 (0.54)

x: mean value for the three replicates, for each concentration level, from the corrected TOC value.
s: standard deviation for the three replicates, for each concentration level.

ClI: Confidence Interval.

%R: Corrected TOC value against Calculated TOC value, in percentage.
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4.3.4.2.Recovery Test for Rinse Sampling

Recovery values for the UAL TOC involving rinse sampling are shown in Table 4. 15. All results
meet the criteria specified in Table 4. 11, without significant differences between concentration levels

for each surface material. The lowest recovery value for each surface studied was selected as the

worst case for future sample measurements.

Table 4. 15 Recovery results for rinse sampling including INOX, plastic, and epoxy resin plates for the UAL.

120 100 80
INOX
x (ppm) 7.33 X (ppm) 6.37 X (ppm) 4.92
s (ppb) 0.17 s (ppb) 0.10 s (ppb) 0.12
IC (ppm) [6.91-7.75] IC (ppm) [6.11-6.61] IC (ppm) [4.62-5.22]
%R 99.7 %R 102 %R 101
Cl (%R) [93.9-105] Cl (%R) [97.92-106] Cl (%R) [95.2-107]

Individual worst-case R (%)= 98.00

One-way ANOVA (concentrations): Feaiculated < Ftabutated (0.89<5.14); p-value>0.05 (0.46)

PLASTIC
X (ppm) 6.25 X (ppm) 5.37 X (ppm) 4.38
s (ppb) 0.990 s (ppb) 0.230 s (ppb) 0.540
IC (ppm) [3.80-8.71] IC (ppm) [4.78-5.95] IC (ppm) [3.02-5.73]
%R 86.3 %R 85.9 %R 90.1
Cl (%) [52.5-120] Cl (%) [76.6-95.2] Cl (%) [62.3-118]

Individual worst-case R (%)= 71.0

One-way ANOVA (concentrations): Feaiculated < Frapbulated (0.15<5.14); p-value>0.05 (0.86)

EPOXY RESIN
x (ppm) 4.35 X (ppm) 3.89 x (ppm) 3.32
s (ppb) 0.480 s (ppb) 0.350 s (ppb) 0.320
Cl (ppm) [3.15-5.55] Cl (ppm) [3.03-4.75] Cl (ppm) [2.53-4.11]
%R 60.0 %R 65.7 %R 70.0
Cl (%) [43.4-76.6] Cl (%) [51.5-79.7] Cl (%) [53.8-86.2]

Individual worst-case R (%)= 52.0

One-way ANOVA (concentrations): Feaiculated < Frabulated (2.39<5.14); p-value>0.05 (0.17)
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4.3.4.3.Recovery Test for Swabbing

Recovery values for the UAL TOC involving swabbing are shown in Table 4. 16. All results meet

the criteria specified in Table 4. 11, without significant differences between concentration levels for

each surface material. The lowest recovery value for each surface studied was selected as the worst

case for future sample measurements.

Table 4. 16 Recovery results for swabbing including INOX, plastic, and epoxy resin plate for the UAL.

120 100 80
INOX
X (ppm) 3.09 X (ppm) 2.54 X (ppm) 1.98
s (ppb) 0.026 s (ppb) 0.0058 s (ppb) 0.026
Cl (ppm) [3.02-3.15] Cl (ppm) [2.53-2.56] Cl (ppm) [1.91-2.04]
%R 96.1 %R 96.1 %R 98.3

Cl (%R) [94.1-98.2]

Cl (%R) [95.6-96.7]

Cl (%R) [94.9-102]

Individual worst-case R (%)= 94.0

One-way ANOVA (concentration): Feaiculated < Frabutated (4.30<5.14); p-value>0.05 (0.069)

PLASTIC
X (ppm) 3.14 X (ppm) 2.58 x (ppm) 2.01
s (ppb) 0.030 s (ppb) 0.0058 s (ppb) 0.046
Cl (ppm) [3.06-3.21] Cl (ppm) [2.57-2.60] Cl (ppm) [1.89-2.12]
%R 97.7 %R 97.7 %R 99.7

CI (%R) [95.3-99.9]

Cl (%R) [97.1-98.2]

Cl (%R) [94.1-105]

Individual worst-case R (%) =92.0

One-way ANOVA (concentration): Feaculated < Frabulated (2.13<5.14); p-value>0.05 (0.20)

EPOXY RESIN
x (ppm) 2.73 X (ppm) 243 x (ppm) 1.95
s (ppb) 0.18 s (ppb) 0.026 s (ppb) 0.044
Cl (ppm) [2.28-3.18] Cl (ppm) [2.37-2.50] Cl (ppm) [1.85-2.06]
%R 85.59 %R 92.18 %R 95.30

Cl (%R) [71.5-99.7]

Cl (%R) [86.7-94.7]

CI (%R) [90.0-101]

Individual worst-case R (%)= 79.0

One-way ANOVA (concentration): Feaiculated < Fraputated (5.03<5.14); p-value>0.05 (0.052)
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4.3.5. Precision
4.3.5.1.Repeatability

Repeatability was performed for the reference sample and both sampling methodologies considered
the UAL TOC, in both methodologies, as a worst-case concentration (Table 4. 2). For each sample
type, three replicates were performed?’. For rinse samples and swabbing, repeatability was developed
involving the same strategy as in the accuracy section. The results in Table 4. 17 for reference sample

show that the overall RSD (%) for the three concentrations was less than 10 %.

Table 4. 17 Reproducibility measurements for the reference sample.

UAL TOC for rinse sampling (6.21 ppm TOC)
Concentration 120% 100% 80%
S 0.60 0.46 0.28
RSD (%) 7.92 7.07 5.56
Overall RSD (%) 5.14

UAL TOC for swabbing (2.56 ppm TOC)
Concentration 120% 100% 80%
S 0.068 0.075 0.040
RSD (%) 2.21 2.86 1.99
Overall RSD (%) 2.35

The results in Table 4. 18 show that the individual RSD (%) for each concentration at each
concentration level considering the three surfaces materials and the respective sampling
methodologies, was less than 30%. Moreover, the overall RSD (%) was less than 10%. The results
presented correspond to the worst case for the three repetitions of each studied concentration repeated
on three different days (the mean of the three results at the same concentration level and the same

experimental conditions with a higher individual RSD value (%)).
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Table 4. 18 Reproducibility measurements for swabbing and rinse samples including INOX, plastic, and
epoxy resin plates for their UAL TOC value respectively.

Parameter Swabbing Rinse samples

INOX
Concentration 120% 100% 80% 120% 100% 80%
S 0.085 0.062 0.040 0.16 0.066 0.059
RSD (%) 2.84 2.59 2.02 2.17 1.02 1.20
Overall RSD (%) 2.48 1.46

Plastic
Concentration 120% 100% 80% 120% 100% 80%
S 0.20 0.01 0.081 0.57 0.23 0.54
RSD (%) 6.25 0.37 3.79 8.47 4.37 12.44
Overall RSD (%) 3.47 8.43

Epoxy Resin

Concentration 120% 100% 80% 120% 100% 80%
s 0.18 0.03 0.04 0.48 0.16 0.32
RSD (%) 6.65 1.09 2.23 11.13 3.92 9.58
Overall RSD (%) 3.32 8.21

4.3.5.2. Intermediate Precision

The influence of the day for each sampling technique was evaluated for its UAL of TOC, considered
as the worst-case concentration. Before each analysis, one reference sample was analyzed first.
Analyst influence was not performed because the sampling methodologies for routine TOC analysis
are internally procedural. Before carrying out the sampling, the personnel involved carry out specific
training. The values obtained for each concentration studied during three days, for the different
surface materials, involving both specific sampling methodologies, are shown in Table 4. 19 and
Table 4. 20.
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Table 4. 19 Intermediate precision validation for rinse sampling including INOX, plastic, and epoxy resin surfaces.

Factor Day 1 Day2 Day3
Concentration level (%) 120 | 100 | 80 120 | 100 | 80 120 | 100 | 80
Material of the surface INOX
%R 102 | 104 | 101 102 | 104 | 103 | 997 | 102 | 102
Parameter s(wR) | 309 | 106 | 125 | 225 | 137 | 072 | 233 | 163 | 250
%CVor | 303 | 102 | 124 | 220 | 132 | o070 | 233 | 150 | 246
120% 100% 80%

One-way ANOVA (day) for
each studied concentration

Fcalculated<FtabuIated (077<514)
p-value>0.05 (0.50)

Fealculated <Ftabulated (124<514)
p-value>0.05 (0.36)

Fealculated <Ftabulated (150<514)
p-value>0.05 (0.29)

Material of the surface Plastic
%R 86.3 85.9 90.1 92.6 91.4 93.0 91.7 89.4 95.2
Parameter s (%R) 13.6 3.75 11.2 7.84 3.92 1.02 6.41 2.71 2.15
% CVor 15.8 4.37 12.4 8.47 4.29 1.09 6.99 3.03 2.25

One-way ANOVA (day) for
each studied concentration

Fealculated<Ftapulated (0.34<5.14)
p-value>0.05 (0.73)

Fealcutated<Frapulated (2.06<5.14)
p-value>0.05 (0.21)

Fealculated<Ftabutated (0.47<5.14)
p-value>0.05 (0.65)

Material of the surface Epoxy Resin
%R 65.8 74.1 70.9 64.1 70.7 70.6 60.0 65.5 69.9
Parameter s (%R) 5.79 12.1 7.03 10.3 6.64 6.75 6.68 2.52 6.50
%CVoyr 8.80 16.29 9.91 16.1 9.39 9.55 11.1 3.87 9.29

One-way ANOVA (day) for
each studied concentration

Fealculated <Ftabuated (049<514)
p-value>0.05 (0.63)

Fcalculated<Ftabulated (0-91<5. 14)
p-value>0.05 (0.45)

Fcalculated<FtabuIated (0-031<5 . 14)
p-value>0.05 (0.97)
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Table 4. 20 Intermediate precision validation for swabbing including INOX, plastic, and epoxy resin surfaces.

Factor Day 1 Day2 Day3
Concentration level (%) 120 100 80 120 | 100 | =80 120 | 100 | 80
Material of the surface INOX
%R 97.0 96.4 100 98.7 992 | 102 | 961 | 961 | 983
Parameter | s (%R) 3.00 2.58 2.00 153 210 | 153 | o8 | 027 | 153
%CVor 3.09 2.68 2.00 155 212 | 150 | 08 | 024 | 155
120% 100% 80%

One-way ANOVA (day) for
each studied concentration

Fealculated <Ftapuated (127<514)
p-value>0.05 (0.35)

Fcalculated< Ftabulated (228<514)
p-value>0.05 (0.18)

Fcalculated< Ftabulated (288<514)
p-value>0.05 (0.13)

Material of the surface Plastic
%R 98.7 101 97.8 97.7 101 99.7 104 99.4 95.2
Parameter | s (%R) 6.20 0.047 6.50 0.90 3.09 2.20 2.50 2.83 8.10
%CVoyr 6.25 0.046 6.62 0.96 3.06 2.21 2.38 2.84 8.50

One-way ANOVA (day) for
each studied concentration

Fealcutated<Frapulated (1.93<5.14)

p-value>0.05 (0.23)

Fealculated<Ftapulated (0.47<5.14)
p-value>0.05 (0.65)

Fealculated<Ftapulated (0.41<5.14)
p-value>0.05 (0.68)

Material of the surface Epoxy Resin
%R 85.6 92.2 95.3 91.1 96.5 99.3 89.1 93.7 99.7
Parameter s (%R) 5.69 1.00 2.13 7.63 1.84 0.87 3.54 3.17 3.23
%CVur 6.65 1.09 2.23 8.38 1.91 0.88 3.97 3.38 3.24

One-way ANOVA (day) for
each studied concentration

Featculated<Ftabulated (068<514)
p-value>0.05 (0.54)

Featcutated<Ftabulated (292<514)
p-value>0.05 (0.13)

Featcutated<Ftabulated (340<514)
p-value>0.05 (0.10)
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4.3.6. Robustness

During the robustness tests, the effect of the different experimental parameters on the analysis of the

reference sample was evaluated. The agent was dissolved in the working water solution and a

commercial acid phosphoric 0.072% solution. The influence of the TOC response on the conductivity

variations and the pH was evaluated following the recommendations of the equipment supplier. The
studied concentrations were 120% of the UAL of TOC and 80% of the LAL of TOC, considering

both sampling strategies, to include the overall DKP-T concentration range. The results are shown

in Table 4. 21.

Based on a statistical procedure paired sample t-test, no significant differences in the TOC response

depending on the solvent solutions were obtained.

Table 4. 21 Validation results for 120% from the upper and 80% from the LAL of TOC.

Acid Phosphoric 0.072 %

120% of the UAL of TOC

80% of the LAL of TOC

sample replicate _I%)gected Conductivity pH Corrected Conductivity pH
(ppm) (mS/cm) TOC (ppm) (mS/cm)
S1 7.27 1440.1 2.35 0.104 1492.0 2.36
S2 7.28 1457.6 2.36 0.107 14915 2.35
S3 7.27 1455.7 2.37 0.114 15534 2.36
S4 7.29 1457.0 2.36 0.120 1542.3 2.36
S5 7.33 1454.1 2.36 0.112 15524 2.37
S6 7.39 14545 2.36 0.115 1551.7 2.37
x Corrected TOC 7.30 0.112
RSD (%) Corrected TOC 0.65 5.0
H20
sample replicate TCorrected Conductivity pH Corrected Conductivity pH
OC (ppm) (mS/cm) TOC (ppm) (mS/cm)
S1 7.25 4.13 6.99 0.111 3.10 6.98
S2 7.37 4.50 6.95 0.11 2.80 6.97
S3 7.41 4.37 6.85 0.119 3.57 7.06
S4 7.39 4.07 6.96 0.115 3.33 6.98
S5 7.32 4.60 6.89 0.117 3.47 6.94
S6 7.40 4.73 6.91 0.121 2.70 6.86
x Corrected TOC 7.36 0.116
RSD (%) Corrected TOC 0.83 3.78
Solvent Results Comparison
x Corrected TOC result 7.31 0.114
Overall RSD (%) Corrected TOC 0.99 4.40

Paired t-test two tails

Tcalculated<TTabulated (2.24<2.57);

p-value>0.05 (0.076)

Tcalculated<TTabulated (1.58<2.57);

p-value>0.05 (0.17)
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4.4. Risk Assessment for an Online TOC Equipment

Obtaining a representative result of the sample to be analyzed is essential. This section aims to define
the main risks to obtaining an OOS value after external actions are performed on the TOC M9 Sievers

online equipment.

The methodology followed for the risk assessment is based on an Ishikawa diagram as a risk analysis

and a cause-and-effect diagram as a risk evaluation strategy®*.

The main effects of TOC equipment are investigated to find probable risk factors that might cause a
measurement equipment failure for TOC. The critical criterion is shown in Table 4. 22. The severity

ranking proposed is shown in Table 4. 23.

Table 4. 22 Critical criteria for the cause-and-effect diagram.

Incorrect TOC results detected during technical support

Medium Incorrect TOC results detected during the measurement time

None effect

The Ishikawa diagram was made as a starting point for the risk analysis to detect possible factors that
may affect the normal operation of the TOC equipment. The different factors were classified,
including online measurements, offline measurements, and water plant management. It is shown in
Figure 4. 10.

Online Offline
measurements measurements

Analyzer external condition ——\  Analyzer external condition

Analyzer internal condition »  Analyzer internal condition

Sample composition .
Sample composition —p

Sample concentration .
Sample concentration ——»

Offline TOC Normal TOC
intervention "| Operation

Procedure

Composition of cleaning agents —»

Water Plant
Management

Figure 4. 10 Ishikawa diagram for an Online TOC equipment.
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Table 4. 23 Cause and effect diagram for the TOC instrument.

Cause Definition | Rank | Effect Mitigation
Online Measurement
Evaluate each external part of the TOC equipment,
Analyzer including the condition of the water inlet, the pH of the Wrong TOC Periodic internal inspection.
external waste sample stream (confirming that the pH of the waste measurements. Periodic maintenance review
conditions stream is less than 4), and the condition of the reagent Lack of measurements
syringe (confirming that there are no bubbles inside)
Evaluate each refill part for the TOC equipment
Analyzer . 1 X o ) L Wrong TOC PR : ;
integ/nal including acid, and oxidizer containers, reagent syringes, measur%ments PPer_log_lc ext_ertnal Inspection.
o i : eriodic maintenance review
conditions UV lamp, sample pumps, val_ves, and internal water Lack of measurements
reservoir
Affect the operation of
| the TCorlIC - )
Sample The solvent solution properties and the agent included membrane, and may Commonly purified water is used
composition cause the equipment to
break
Commonly, the measured concentration is less
Affects the operation than 500 ppb TOC (specification). If the water
| The water concentration must be equal or less than 500 ofthe TC or IC concentration is higher than the specification, the
Sample ppb TOC. This parameter must be under control to membrane, and may | Water composition will be evaluated, investigating
concentration guarantee the acceptance specification cause the equipment to the effect on the TOC equipment.
break A syringe cleaning procedure was applied for a
concentration higher than the specified
Offline Measurement
Periodic internal inspection, before each offline
Evaluate the related external parts of the TOC equipment, Wrona TOC measurement. Periodic maintenance review.
Analyzelr including the condition of the water inlet, and the status measur%ments Make sure the DI water reservoir is full, especially
externa of the reagent syringe (confirming that there are no Lack of ot when running high TOC or high salt samples, to
condition bubbles inside) ack of measurements rinse the analyzer by running low TOC water
through the internal sample loop

228




PART II-RESULTS AND DISCUSSION

Table 4. 23 Cause and effect diagram for the TOC instrument.

Cause Definition Rank Effect Mitigation
Analyzer . Ev_aluate_each spa_re_part for the TOC eqU|pmer_1t, Wrong TOC Periodic internal inspection, before each offline
. including acid and oxidizer containers, reagent syringes, t
internal UV lamp, sample pumps, valves, and internal water . measurements. _measurement.
diti P, sample pumps, vaives, Lack of measurements Periodic maintenance review
condition reservoir
Different pharmaceutical products are manufactured at Could affect the Evaluate sample composition before sample
| LMSA including different APIs and excipients. correct operation of the measurement. if there is evidence thgt Itis a
Sample Furthermore, detergent components might be part of the 3 TC or IC membrane, difficult sample to analyze for TOC, rinse with
COMPOSItION | measured sample. The solvent solution properties and the and may cause the Milli-Q water, and if normal TOC values are not
agent included equipment to break obtained, clean with a dilute acid solution
Affect the operation of
. . . the TC or IC inse the anal ith Milli-
Different API concentrations are present in the measured membrane as well as Rinse the analyzer with Milli-Q water after any
Sample cleaning validation samples. The sample concentration offline measurement with a TOC concentration

concentration

3 obtain possible positive

out specifications

during online TOC
measurements

must be within the equipment specifications to guarantee
a correct quantification

greater than 1 ppm to reduce the result to normal
values

Water Plant Management

Affect the operation of

Isolate the TOC equipment during any procedure
that may activate the entry of water into the
equipment. Be sure to properly purge the system
from the plant before starting the online TOC
readings

TOC equipment is installed in the water plant and the TCor IC
Procedure different cleaning procedures are applied to clean each membrane.
part Modification of the
normal TOC values
Composition Affect the operation of
b The only cleaning agent that could interact with the flow the TCorlIC
of the . . . .
. sample for the TOC equipment is the Divosan Activ membrane.
cleaning . . . L .
VT5. Itis a cleaning agent with peracetic acid 5% Non-representative
agent
TOC values

Investigate the source of the reagent and assess the
TOC effect
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The TOC equipment runs self-test activities automatically when starts the analysis, and provides a
summary of faults for review generating an automatic error report. This section includes common
failures and troubleshooting tips. After confirming that there are no warning or error messages
indicating a specific problem, proceed to perform a visual inspection (external and internal) of the

analyzer while running a test to identify any obvious symptoms or physical problems.

During external operations, the proper functioning of the TOC equipment may be altered, resulting
in incorrect TOC, IC, and/or TC values. Mitigation actions based on the submitted risk assessment

were implemented to ensure the quality of the online and offline TOC results.

45. Transferability Study Between an Online and Offline TOC Equipment

The pharmaceutical company LMSA purchased a Sievers M9 Laboratory Analyzer for laboratory
TOC measurements. An integrated instrument with a laboratory data management system for a

paperless workflow.

The current and future process flow is described in Figure 4. 11.

CcVv Transfer to Set up Stop online oii ex ored
sampling Laboratory analysis measurements ’

. Direct
: Transfer to : Offline TOC
CV sampling > Laboratory Set up analysis analysis prse?;tx\tlgtrieon

Figure 4. 11 Current (up) and future (down) process flow for TOC analysis.
The strategy followed to evaluate the transferability between TOC equipment®® is based on precision,

accuracy, and linearity verification®®.

The accepted criteria is based on a standard procedure by the equipment provider detailed in Table
4. 24.
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Table 4. 24 Table of merit for method transferability.

Parameter Acceptance criteria Result
Response vs. Concentration. Linear relationship. PASS
y=ax+b PASS
Linearity
R and R?>0.990 PASS
y-interception (b); IC includes 0 with a probability of 95% PASS
Precision. Repeatability RSD <5 (%) PASS
Precision. Intermediate One-way ANOVA (equipment): PASS
Precision Without significant difference between equipment p-value>0.05
R>85 PASS
Accuracy Statistical test t-Student p-value>0.05 (95% confidence level) PASS
Fcalculated<Frabulated/ p-value>0.05 PASS

4.5.1. Linearity

Certified TOC standards were analyzed with the offline equipment at five different concentrations
for certified TOC standards including 250, 500, 1000, 5000, and 10000 ppb TOC. Moreover, a

certified blank solution was considered before the sequence measurement.

The linear regression is shown in Figure 4. 12. Based on a preliminary visual inspection, a linear

trend was observed. The calculated R and the R? were 0.9999, obtaining a good model fitting.
Moreover, the Cl included 0 (-8.69:27.9).

12000
10000
8000
6000
4000
2000

Measured TOC value (ppb)

y =0.9996x + 9.6245

u'.
...
....
....
....
t'.-

ot
ot
.t
o
.t

0 ....

2000 4000 6000 8000 10000 12000
Theoric TOC concentration (ppb)

Figure 4. 12 Linear regression for the Offline TOC equipment.
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4.5.2. Precision
4.5.2.1.Repeatability

The certified TOC standard at 500 ppb concentration was analyzed with the offline equipment at six
times. The results in Table 4. 25 show that the overall RSD (%) for the studied concentration was

less than 5%.

Table 4. 25 Repeatability evaluation for the 500 ppb TOC certified standard with the Offline TOC equipment.

Replicate Measured ppb TOC M9 Offline
1 513
2 515
3 517
4 518
5 520
6 526
X 518
S 4.54
RSD (%) 0.875
Blank (ppb) 14.7
R (%) 101

4.5.2.2. Intermediate Precision

The influence of the equipment on the certified TOC standard at 500 ppb concentration was
evaluated. The values obtained for both equipment are shown in Table 4. 25 and Table 4. 26.

Table 4. 26 Measurements for the 500 ppb TOC certified standard with the Online TOC equipment.

Replicate Measured ppb TOC M9 Online
1 515
2 519
3 523
4 517
5 521
6 515
X 518
S 3.26
RSD (%0) 0.630
R (%) 101

The one-way ANOVA test result is shown in Table 4. 27.
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Table 4. 27 One-way ANOVA statistical results considering the factor equipment for the 500 ppb certified TOC standard.

Factor SS DF MS Fcaculaed ~ p-value  Frabulated
Between groups 0.0833 1 0.0833 0.00534 0.943 4.96
Within groups 156 10 15.6
Total 156 11

Moreover, the statistical parameter evaluated (one-way ANOVA test) demonstrate the precision
parameter including the fifth certified TOC standards involved for linearity, including the blank

standard. See Table 4. 28.

Table 4. 28 One-way ANOVA statistical results considering the factor equipment for the linearity certified TOC standards.

Factor SS DF MS Fcaculaed ~ p-value  Frabulated
Between groups 3*104 1 3*10% 0.00212  0.964 4.96
Within groups 16*108 10 16*108
Total 16*108 11

4.5.3. Accuracy

The same certified TOC standards involved in the precision evaluation were used for the accuracy
test based on the statistical t-test evaluation. The obtained results are shown in Table 4. 29.

Table 4. 29 Statistical t-test for equipment measurement comparison considering 500 ppb certified TOC standard.

Parameter Measured TOC M9 Online Measured TOC M9 Offline
X 518 518
Number of measurements 6 6
Hypothetical mean difference 0
Degrees of freedom 5
tcalculated 0.0683
p-value 0.948
tTabulated (tWO tiles) 2.57

In addition, no significant differences were detected, based on the t-test for the certified TOC

standards involved in the linearity evaluation. See Table 4. 30.

Table 4. 30 Statistical t-test for equipment measurement comparison considering linearity certified TOC standards.

Parameter Measured TOC M9 Online  Measured TOC M9 Offline
X 2800 2910

Number of measurements 6 6

Hypothetical mean difference 0

Degrees of freedom 5

tcalculated 1.67

p-value 0.155

trabulated (twWoO tiles) 257
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4.6. Conclusions

This study was initially planned for an agent from the corticosteroid family. It was initially selected
because the cleaning of the equipment involved during its manufacture is critical and necessary after
each of the MB. However, different experiments demonstrated, on the one hand, the low solubility
of the agent in water, being the optimal solvent for the use of the TOC technique, and, on the other
hand, the lack ability of the technique, due to the experimental procedure required for the preparation

of the samples, to reproducibly quantify the calculated TOC acceptable lower limit value.

The summarized results demonstrate the ability to correctly detect the presence of DKP-TI after the
CV process with a reliable and rapid TOC method for routine residual analysis involving AQbD. The
FMEA strategy was successfully involved to detect the optimized method parameters, including the
target agent solubility and stability in the solvent solution, the blank influence on the evaluated target
agent concentration, and the extraction condition optimization for swabbing. After method
optimization, all the requirements for method validation were accomplished including selectivity,
linearity, accuracy, LoD, LoQ, precision, and robustness. Additionally, the compound was
successfully recovered from stainless steel, plastic, and epoxy resin for rinse sampling and swabbing

techniques during TOC analysis for the previously calculated worst-case scenarios.

During external operations, the proper running of the TOC equipment may be altered, generating
incorrect TOC, IC, and/or TC results. Involving risk assessment, the criticalities during TOC
measurements were detected, and specific mitigation actions were implemented to ensure the quality

of the TOC measurements.

Finally, the transferability between TOC equipment was demonstrated in terms of linearity,
precision, and accuracy. As a result, the validated DKP-T TOC method could be implemented

indistinctly.
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5. STATISTICS APPLIED TO STABILITY STUDIES ACROSS THE
DRUG PRODUCT LIFECYCLE

Stability studies ensure the quality, safety, and efficacy of pharmaceuticals®. The specific period
through which the same characteristics and properties of a drug product are retained after having
been manufactured in a specific container or closure, variating environmental factors using qualified
and calibrated climatic chambers, is carried out in a continuous program?. This concept is technically
expressed as the shelf-life or commonly as the expiration period under specific storage conditions.

This parameter is a CQA for all dosage forms contemplated as a requisite for final product approval.
The stability of the pharmaceutical drug depends on 2

e The environmental factors including: light, room temperature, and humidity.

e Factors related to the product, including its composition and the dosage form, the
physic-chemical properties of the API, and the excipients.

e The packaging material characteristics.

e The pharmaceutical manufacturing processes.

e The character of the container or closure.

Those studies have to be developed following the issued guidelines. In the 1980s, the first guidelines
were issued. Later, the ICH harmonized guidelines for marketing and registering products in other
countries. The guidance documents detailed the different test conditions and requirements for

formulations, excipients, APIs, or pharmaceuticals. Those are detailed in Table 5. 1.

Table 5. 1 ICH guidelines related to stability testing.3-*

Code Title
ICH Q1A(R2) | Scientific Guideline. Stability Testing of New Drug Substances and Products
Scientific Guideline. Stability Testing: Photostability Testing of New Drug Substances and
ICH Q1B
Products
ICH Q1C Scientific Guideline. Stability testing of New Dosage Forms
Scientific Guideline. Bracketing and Matrixing Designs for Stability Testing of Drug
ICH Q1D
Substances and Products
ICH Q1E Scientific Guideline. Evaluation of Stability Data
Scientific Guideline. Stability Data Package for Registration Applications in Climatic Zones
ICH Q1F
Il and IV
ICH Q5C Scientific Guideline. Stability testing of Biotechnological/Biological Products

In addition, at the end of the 19" century, the FDA introduced the 21 CFR Part 11*? standard based

on the cGMP, establishing requirements related to its stability tests and its expiration date®.
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Moreover, the Committee for Proprietary Medicinal Products (from now on CPMP) with the EMA
issued the guidelines detailed in Table 5. 2, assisting with the authorization in the European Union

of pharmaceuticals.

Table 5. 2 Guidance on stability testing by EMEA 41419

Current

Title Code .
version (year)

Note for Guidance on Maximum Shelf-life for
Sterile Products for Human use After First CPMP/QWP/159/96 1998
Opening or Following Reconstruction

Note for Guidance on Start of shelf-life of the

Finished Dosage Form CPMP/QWP/072/96 2001
Note for Guidance on In-Use Stability Testing of

Human Medicinal Products CPMP/QWP/2934/99 2001
Guideline on Stability Testing of Existing Active

Substances and Related Finished Products CPMP/QWP/122/02/Rev.1 Corr. 2003
Guideline on Declaration of Storage Conditions CPMP/QWP/609/96/Rev.2 2007
Guideline on Stability Testing for Applications for | EMA/CHMP/CVMP/QWP/44107 2014
Variations to a Marketing Authorization 1/2011-Rev.2

The different stability programs involved during the manufacturing processes are summarized in

Figure 5. 1.
~N
New API %2%323 Manufacturing of Clinic Dossier Manufacturing of
Development Pilot Batches Assay Register Industrial Batches
J
[ ICH Studies ] [ Ongoing Studies*

*Ongoing studies: stability studies developed after marketing authorization to detect a different

stability outcome?,

Figure 5. 1 Stability programs involved during manufacturing pharmaceutical processes.

The different stability parameters are reviewed in Table 5. 3.
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Table 5. 3 Stability parameters details for the general case???.

Climate Zone Study Conditions Storage Condition Period Covered (month)
I. Temperate Long-term* 21°C+2°C and 45% RH+5% RH 12
II. Subtropical and Long-term 25°C+2°C and 60% RH5% RH 12
Mediterranean
Long-term 30°C+2°C/35% RH+5% RH 12
I11. Hot and dry Intermediate 30°C+2°C/65% RH+5% RH 6
Accelerated** 40°C+2°C/25% RH+5% RH 6
Long-term 30°C+2°C/65% RH+5% RH 12
IVa. Hot and humid
Accelerated 40°C+2°C/75% RH+5% RH 6
IVb. Hot and higher Long-term 30°C+2°C/75% RH+5% RH 12
humid Accelerated 40°C+2°C/75% RH25% RH 6
Long-term 5°C+3°C 12
Refrigerated
Accelerated 25°C+2°C and 60% RH+5% RH 6
Long-term -20°C+5°C 12
Frozen
Accelerated 5°C+3°C 6
*Long-term: real stability study. A study is carried out during the proposed efficacy period and under the conditions
determined according to the nature of the product.
**Accelerated: stability study involving severe storage conditions. It is laid out to cause physical changes or the
product’s chemical degradation by applying severe storage conditions.

The degradation time of a pharmaceutical regarding the long-term stability studies, including
multiple MB, allows the calculation of its shelf-life. The obtained data can be statistically analyzed
independently for each storage condition®.

The strategy followed is detailed in Figure 5. 2.

r A e : N 4 3 ( ) ~ N
Statistical Reeglzgfisolgn Model capable of
significance eva?uati on to meeting the
between the result interpret the ) objective to be
to be evaluated and association Shelf-life Model analyzed. Outlier
the factors. between the determination fit plot; Residuals
p-value plot; and
interpretation for r;z[#:;igggtzg)e normability plot
model selection factor(s) examination
\ J \_ J \ y, \ J - J

Figure 5. 2 The strategy followed for the statistical analysis of the stability study.
This chapter aims to calculate the shelf-life of two different oral dosage forms based on a multiple

MBs approach:
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e Liquid dosage form (multivitamin mixture): ensure the CQA in the percentage of total
impurities, being the specification value at the end of the product’s shelf-life, <1.5%. See
chapter 5.2.1.

e Solid dosage form (coated tablet): ensure the CQA assay of the APIs that compound the
product (in percent), with its specification value, at the end of the product's shelf-life, >90%.
See chapter 5.2.2.

5.1. Statistics

The software involved in the statistics calculations was Minitab. The following sections described
the statistic involved to achieve the shelf-life calculation for stability studies®?2,

5.1.1. Method Calculation

Before method calculation, the analysis option for the stability study is involved considering the
batches included in the study as a fixed or random factor. The fixed factor refers to those not
randomly selected from the manufacturing process to carry out the shelf-life stability study. The
random factor is the opposite, being a randomized representative sample. In addition, it must be
established if there is a linear relationship between the value under study and time, with the kinetics
of the degradation reaction of order 0 (involving a linear regression method based on the integration

velocity equation). See Equation 5. 1.
[Y1=[Y]o-kt
Where:

k: kinetic constant.
t: time.
Y: evaluated response.

Yo: evaluated response at time 0.

Equation 5. 1.
The shelf-life is calculated based on the percent response that is within the proposed specifications

(commonly 50 percent selection) with a 95 % confidence.

The F-distribution is selected to test the different models and is detailed in Equation 5. 2.
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DF for the evaluated term
DF for the error

DF: Degrees of freedom

Equation 5. 2.
The key result is assigned to the p-value and is proportional to the calculated F-distribution. See
Equation 5. 3. If it is lower than the specified value (0.05), the evaluated result and the factor are
statistically significant and the factor remains in the model. If it is higher, the factor is excluded
considering the reverse reason.

p-value=1-F-distribution (for each term)

Equation 5. 3.
The rest of the sections include the statistical description considering the batches as a fixed factor
due to all the stability studies included in a specific period of time being included for the shelf-life

calculation.

5.1.1.1.Analysis of Variance for Fixed Batches

The ANOVA is evaluated for the selected significant factors?,

The equations for the different statistics are presented in Table 5. 4.

Table 5. 4 ANOVA table.

Source DF SS MS F-distribution p-value®
Significant factor p-l Z(}_’l _ }_,)2 SSsignificant factor MSsignificant factor a
p— 1 MSerror

SS
Error np| Xy—3)? —e

n—p

SS,
Total n-1 YOy —9)? wtil

n—

n: observations included in the model.
p: coefficient’s number in the model.
X: stability design values.

J: mean response.

y i adjusted response.

y ;- observed response.

SS: sum of squares. SSsignificant factor Me@NS the quantity of variation explained by the significant terms in the
model. SSeror means the quantity of variation that could not be explained by the predictors. SSioa means the
total quantity of variability included in the model.

MS: mean squares; the variance related to the adjusted values.

The only factors included in the ANOVA statistics are the ones with a statistical significance p-value
(selected as 0.25).

243



_ PART I1I-RESULTS AND DISCUSSION

5.1.1.2.Regression Model Calculation for Fixed Batches

The general formula is detailed in Equation 5. 4.

Y=Xp+e
Where:
B: significant factor.
e: normal random independent variables.

X: stability design values.
Equation 5. 4.

5.1.1.3.Model Fitness for Fixed Batches

The determination of the model fitness is based on the examination of two statistical parameters:

R-square is defined as the amount of variation explained in the selected model. It is
calculated as the difference between 1 and the ratio of the SSerror and SSiotar.

R-square adjusted is defined as the amount of variation explained in the selected model
considering the number of responses. It is calculated as the difference between 1 and the
ratio of the MSeror and MSotal.

Both parameters have to be as near as close to 100%.

5.1.2. Shelf-life Calculation for Fixed Batches

The studies presented include the calculation of the shelf-life based on a lower or upper specification

limit at the end of the actually authorized shelf-life of the pharmaceuticals for the evaluated response.

Depending on the factors included in the model based on the method calculation, the statistic

followed for the shelf-life calculation varies:

Batch, time, and the interaction between them obtaining a regression equation independent
for each included batch (different slope and intercept).

Batch, and time, obtaining a regression equation independent for each included batch (the
same slope and different intercept).

Time, obtaining a unique regression equation for all included batches (the same slope and

intercept).

In all scenarios, the formula described at Equation 5. 4 is detailed as shown in Equation 5. 5, adapted

depending on which one was obtained during method calculation.
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yij=Pxitay;
Bx +a=L or Bx +a,=U
Where:

@, : the intercept considering the i batches included in the model.
f3: slope considering the i batches included in the model.
i: a general index for the batch that the shelf-life is estimated.
j: a general index for the time.
L: the lower specification limit.
U: the upper specification limit.
y i fitted value.
Equation 5. 5.
The software evaluates two conditions to calculate a significant shelf-life:

o Whether the mean response is greater than the L or U at time 0.

e Whether the mean response decrease over time.

If both conditions are true, the shelf-life is calculated based on a quadratic equation where the
composition of the terms is different according to the number of significant factors included in the
model. See Equation 5. 6.

Shelf-life =~/ 2=tac
2a
Where:
Batch, time, and batch*time interaction Batch*time Time
a:,éiz-tzcl,n-zlal+i,z+i a:,éz-tzcl,n-l-lam,m a:,éz't2cl,n—202,2
b=2[Bi(@;-S)- t 2l n-210i1+1] b=2[B(@;-S)- tcint-10i1+1] b=2[B(&-S)- t2cin-201.2]
C:(&\l's)z'tzcl,dfaj,j C:(C/l\l-s)z-tzcl,n-l-mu c=(a@ 'S)Z'tzcl,n-Zrﬂ,]

o: the variance.

I: the number of levels in the batch factor.

n: the total number of response values.

S: L or U depending on the specification limit established.

tear: the t statistic for the confidence interval (CI) and the degrees of freedom (df).

Equation 5. 6.
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5.1.3. Residuals Plot Interpretation

After concluding the study, different residual plots should be evaluated, including the normal
probability plot, the histogram representation, the residuals vs. fits, and the residuals vs. time order

for the model observations.

5.1.3.1.Normal Probability Plot

The normal distribution of the residuals has to be ensured by approximating the graph to a straight
line. The key result is assigned to an accurate p-value higher than 0.05 (with 95 % of confidence).

5.1.3.2.Histogram Plot

The residual distribution of the included observations is presented in the histogram plot. Detection
of outliers or skewed data can be evaluated.

5.1.3.3.Residuals vs. Fit

The randomized distribution across the central line for all the residuals of the fit values with the

selection model has to be ensured. An outlier or nonconstant variance can be identified.

The poolability was demonstrated by a t-test with a confidence of 95% and a significance level of
a=0.05. If the p-value >0.05 the null hypothesis is accepted assuming homogeneous coefficients.

5.1.3.4.Residuals vs. Time Order Observations

The residuals for the data collection in time order are presented. The independence between residuals

must be ensured without any pattern or trend showing possible correlation.

5.2. Results

5.2.1. Liquid Dosage Form

The statistics calculations to determine the shelf-life of the multivitamin product subjected to the
long-term stability study for the climatic zone IVVa are compiled. The data included contains the
storage condition in which an OOS value has been obtained for the CQA assay (in percent) of the
APIs present in the product formulation, being >90% of the value of the lower specification limit at
the end of the product's shelf-life currently authorized (24 months). The product formulation is
detailed in Table 5. 5.
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Table 5. 5 Multivitamin product API formulation.

Description Composition (%, w/w)
Ascorbic Acid 7.00
Alpha-tocopherol acetate 1.15
Biotin 0.02
Cholecalciferol 1.73
Nicotinamide 1.44
Pyridoxine Hydrochloride 0.21
Retinol Palmitate 0.22
Riboflavin 0.34

The condition of the stability study and the packaging material studied are detailed in Table 5. 6.

Table 5. 6 Stability conditions for the evaluated pharmaceutical product.

Ph ical - . . . lour for th kagi
arma.ceutlca Stability condition Packaging material Colour for t e.pac aging
specialty material

Liquid multivitamin

30°C+2°C /65%+5% RH Glass flask Opaque
dosage form

For the present study, the data was obtained from both types of stability studies the ICH and Ongoing.
According to the internal criteria, for the ongoing stability studies, the frequency of batch

introduction was 1 recently manufactured batch per current year.

The shelf-life calculation was developed achieving a linear model that represents the association
among the time and the response variable, and the batch factor if considered. A full factorial design
was involved (the month selected 0, 12, and 24 were evaluated for all included MBs). The results for

each evaluated API are detailed in the following sections.

Table 5. 7 shows the results obtained for the shelf-life considering the storage condition of
30°C+2°C/ 65%+5% RH, based on the assay value as a percentage of the vitamins that have resulted
in an OOS value at the end of the validity period of the multivitamin product, these being:

Nicotinamide and Retinol Palmitate.

Table 5. 7 Calculated shelf-life for the set of MBs included in the stability study, for the environmental condition
30°C+2°C /65%+5% RH, considering the assay (%) as a critical value.

Kinetic order for the Shelf-life calculated
APl | MBs incl . . i .
evaluated s included degradation reaction* (adjusted time-month)
Nicotinamide 9 0 20
Retinol Palmitate 9 0 17

*Linear relation between the evaluated attributed and the factor time.
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As a result, the shelf-life should be shortened to 17 months to avoid the presence of assay-related
OOS for both evaluated APIs.

5.2.1.1.Shelf-life Calculation Based on Nicotinamide Assay Content

The distribution of the data was initially evaluated, being necessary to transform them by means of
a mathematical calculation based on the Johnson Transformation since it did not comply with a

normal distribution. See Figure 5. 3.
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Figure 5. 3 Johnson mathematical transformation for Nicotinamide assay (%) values.
A possible outlier value was observed. This was accepted as part of the set of data variability after

performing a Grubbs statistical test obtaining a p-value>0.05 (0.302). See Figure 5. 4.

Grubbs' Test
Min  Max G P
-2,16 216 240 0302

-2 -1 0 1 2
Nicotinamide (% Assay) JT

Figure 5. 4 Outlier plot based on Grubbs test for Nicotinamide assay.
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Before model calculation, the factor batch was established as a fixer factor, because all the MBs
summited to the stability study of interest were included. Furthermore, the kinetic order of the

degradation equation was calculated being 0, obtaining a linear relationship between the CQA and
the time. See Figure 5. 5.
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Figure 5. 5 Linear regression for Nicotinamide assay (%) results at the end of the authorized product’s shelf-life.
The linear model includes only the moth as a factor, due to the association within the evaluated
response (assay) and the factor was statistically significant. For the established significant level of
0.25° a p-value lower than this specified value was obtained (month factor p-value=0.000). In this
scenario, the batch factor and the interaction between month and batch are not statistically significant
by reverse reasoning (p-value batch=0.261, p-value month*batch=0.316).

As aresult, only one regression equation for the set of MBs is included due to the unique significance
of the month factor as shown in Equation 5. 7.

Nicotinamide Assay (%) = 0.961-0.08442*Month
Equation 5. 7.

The shelf-life period was calculated as 20.0325 months (20 months as adjusted time) guaranteeing,
with 95% confidence, that 50% of the responses obtained are below the specified upper limit for the
assay. See Figure 5. 6.
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Shelf Life = 20.0325

Fitted Line
-—--  95%LB

(¥

[ I X EX R RN ¥ )
D00 1 O LA S L B

Nicotinamide (% Assay)__JT
o

0 5 10 15 20 25 30
Month
LS = Lower Specification

Figure 5. 6 Shelf-life plot for all batches included for Nicotinamide assay quantification. LS referred to the Johnson
transformation results.

The determination coefficient and the adjusted (R% 87.17, R?%q;: 86.65) were near 100, adjusting the
data correctly to the presented model.

Moreover, the residuals are normally and randomly distributed across 0. There was no evidence to
conclude that the mean differs from O at the 0.05 level of significance (p-value>0.05, for the
calculated t-test (0.620). See Figure 5. 7.
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Figure 5. 7 Residuals plot against the fitted values and the observation in time order for Nicotinamide.

5.2.1.2.Shelf-life Calculation Based on Retinol Palmitate Assay Content

The distribution of the data was initially evaluated, being necessary to transform them by means of
a mathematical calculation based on the Johnson Transformation since it did not comply with a
normal distribution. See Figure 5. 8.
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Figure 5. 8 Johnson mathematical transformation for Retinol Palmitate assay (%) values.
A possible outlier value was observed. This was accepted as part of the set of data variability after
performing a Grubbs statistical test obtaining a p-value>0.05 (0.426). See Figure 5. 9.
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Figure 5. 9 Outlier plot based on Grubbs test for Retinol Palmitate assay.
Before model calculation, the factor batch was established as a fixer factor, because all the MBs
summited to the stability study of interest were included. Furthermore, the kinetic order of the
degradation equation was calculated being 0, obtaining a linear relationship between the CQA and
the time. See Figure 5. 10.
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Figure 5. 10 Linear regression for Retinol Palmitate assay (%) results at the end of the authorized product shelf-life.
The linear model includes only the moth as a factor, due to the association within the evaluated
response (assay) and the factor was statistically significant. For the established significant level of
0.25°, a p-value lower than this specified value was obtained (month p-value=0.001). In this scenario,
the batch factor and the interaction between month and batch are not statistically significant by

reverse reasoning (p-value batch=0.970, p-value month*batch=0.977).

As a result, only one regression equation for the set of MBs is included due to the unique significance
of the month factor as shown in Equation 5. 8.
Retinol Palmitate Assay (%) = 0.861-0.0732*Month
Equation 5. 8.
The shelf-life period was calculated as 17.4837 months (17 months as adjusted time) guaranteeing,
with 95% confidence, that 50% of the responses obtained are below the specified upper limit for the

assay. See Figure 5. 11.
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Figure 5. 11 Shelf-life plot for all batches included for Retinol Palmitate assay (%) quantification. LS referred to the
Johnson transformation results.
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The coefficient of determination and the adjusted one (R?: 65.81, R?%q;: 64.44) were accepted despite

presenting a certain deficiency in the fit of the data to the model presented. The normal distribution
was only achieved by Johnson’s mathematic transformation.

Moreover, the residuals are normally and randomly distributed across 0. There was no evidence to

conclude that the mean differs from 0 at the 0.05 level of significance (p-value>0.05, for the
calculated t-test (0.780). See Figure 5. 12.
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Figure 5. 12 Residuals plot against the fitted value and the observation in time order for Retinol Palmitate.

5.2.2. Solid Dosage Form

The statistics calculations to determine the shelf-life of the coated tablet product subjected to the
long-term stability study for the stability condition are compiled. The stability conditions included
were those in which an OOS value was obtained for the CQA total impurities (in percentage), being

<1.5 % of the value of the upper specification limit evaluated at the end of the product's shelf-life
currently authorized (18 or 24 months depending on the product specialty).

The condition of the stability study and the packaging materials studied are detailed in Table 5. 8.

Table 5. 8 Stability condition for the evaluated pharmaceutical product.

Stability conditions Packaging material Colour for the packaging material
Transparent
PVC+PVdC120g/Alu
30°C+2°C /65%+5% RH White
PVC/Alu Transparent

PCV: polyvinyl chloride.
PVdC: poly-Vinylidene chloride.
Alu: Aluminium.

For the present study, the data was obtained from both types of stability studies, the ICH and ongoing,
including MB for different product specialties. According to internal criteria, for the ongoing stability

studies, the frequency of batch introduction was 1, being a recently manufactured batch per current
year.
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The shelf-life calculation was developed achieving a linear model that represents the association
among the time and the response variable, and the batch factor if considered. A full factorial design
was involved (the month selected 0, 12, and 24 were evaluated for all included MBs). The results for

each evaluated packaging material are detailed below.

The results obtained for the shelf-life calculation including the storage condition of
30°C+2°C/ 65%+5% RH, based on the total impurities value as a percentage that has resulted in an
OOS value at the end of the validity period of the coated tablet product, are shown in Table 5. 9. The
number of MB and the kinetic order for the degradation reaction are included.

Table 5. 9 Calculated shelf-life for the set of MBs included in the stability study for the environmental condition
30°C+2°C /65%+5% RH, considering the total impurities (%) as a critical value.

30°C+2°C /65%+5% RH

Packaging material Colour for the MB Kinetic order for the Shelf-life calculation
ging packaging material | included | degradation reaction | (Adjusted time-month)
PVC+PVAC120g/Alu- Transparent 8 0 21
Transparent
PVC+PVdC_1ZOg/AIu— White 6 0 o5
White
PVC/Alu Transparent 3 0 19

As a result, for the stability conditions evaluated, specific packaging materials should be selected to
avoid the presence of total impurities-related OOS at the end of the product's shelf-life currently
authorized. See Table 5. 10.

Table 5. 10 Summary of the set of optimal packaging materials for the authorized shelf-life of 18 and 24 months.

] ] 30°C £ 2°C /65% + 5% RH
Packaging material
18 months 24 months
PVC+PVdC120g/Alu-Transparent X *
PVC+PVdC120g/Alu-White X X
PVC/Alu- Transparent X *

X: optimal packaging materials for the authorized shelf-life.

*: requires the reduction of the shelf-life of the evaluated specialty.

5.2.2.1.Shelf-life Calculation for the Stability Condition 30°C + 2°C /65% +
5% RH

e PVC+PVdC120g/Alu-Transparent

The plot of the residuals against their expected values was normally distributed, obtaining a
p-value>0.05 (0.058). See Figure 5. 13.
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Figure 5. 13 Probability plot for total impurities (%) results at the end of the authorized DKP-T product shelf-life for the
PVC+PVdC120g/Alu-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.
No outliers were detected. All data included was accepted as part of the set of data variability after

performing a Grubbs statistical test obtaining a p-value>0.05 (1.0). See Figure 5. 14.
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Figure 5. 14 Outlier plot based on Grubbs test or total impurities (%) results at the end of the authorized DKP-T product
shelf-life for the PVC+PVdC120g/Alu-Transparent packagFiQrgg material at the stability conditions 30°C + 2°C /65% + 5%
Before model calculation, the factor batch was established as a fixer factor, because all the MBs
summited to the stability study of interest were included. Furthermore, the kinetic order of the
degradation equation was calculated being 0, obtaining a linear relationship between the CQA and
the time. In this example, the degradation of the total impurities (%) implies an increase in the value,

leading to the obtaining of a positive slope in the regression line. See Figure 5. 15.
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Figure 5. 15 Linear regression for total impurities (%) results at the end of the authorized DKP-T product shelf-life for
the PVC+PVdC120g/Alu-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

The linear model includes month and batch as factors, due to the association within the evaluated
response (total impurities (%)), and the factors were statistically significant. For the established
significant level of 0.25° a p-value lower than this specified value was obtained (month
p-value=0.000 and batch p-value=0.207). In this scenario, the interaction between month and batch
was not statistically significant by reverse reasoning (p-value month*batch=0.530).

As a result, there was one regression equation for each included MB as is shown in Equation 5. 9.

Batch

1 PVC/PVdC/Alu-Transparent= -0,0030 + 0,05746 Month
2 PVC/PVdC/Alu-Transparent= -0,0884 + 0,05746 Month
4 PVC/PVdC/Alu-Transparent= -0,1562 + 0,05746 Month
5 PVC/PVdC/Alu-Transparent= 0,1377 + 0,05746 Month
6 PVC/PVdC/Alu-Transparent= 0,1084 + 0,05746 Month
7 PVC/PVdC/Alu-Transparent= 0,0972 + 0,05746 Month

8 PVC/PVdC/Alu-Transparent= 0,0049 + 0,05746 Month

Equation 5. 9.
The shelf-life period was 21.1906 months (21 months as adjusted time) guaranteeing, with 95%
confidence, that 50% of the responses obtained are below the specified upper limit for the assay. See
Figure 5. 16.
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Figure 5. 16 Shel-life calculation based on the total impurities (%) results at the end of the authorized DKP-T product
shelf-life for the PVC+PVdC120g/Alu-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5%
RH.

The determination coefficient and the adjusted (R2 96.45, R%g;: 94.54) were near 100, adjusting the

data correctly to the presented model.

Moreover, the residuals are normally and randomly distributed across 0. There was no evidence to
conclude that the mean differs from O at the 0.05 level of significance (p-value>0.05, for the
calculated t-test (0.100). See Figure 5. 17.
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Figure 5. 17 Residuals plot against the fitted value and the observation in time order for the total impurities (%) results
at the end of the authorized DKP-T product shelf-life for the PVC+PVdC120g/Alu-Transparent packaging material at the
stability conditions 30°C + 2°C /65% + 5% RH.

e PVC+PVdC120g/Alu-White

The plot of the residuals against their expected values was normally distributed, obtaining a
p-value>0.05 (0.081). See Figure 5. 18.
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Figure 5. 18 Probability plot for total impurities (%) results at the end of the authorized DKP-T product shelf-life for the
PVC+PVdC120g/Alu-White packaging material at the stability conditions 30°C + 2°C /65% * 5% RH.

No outliers were detected. All data included was accepted as part of the set of data variability after
performing a Grubbs statistical test obtaining a p-value>0.05 (1.0). See Figure 5. 19.
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Figure 5. 19 Outlier plot based on Grubbs test or total impurities (%) results at the end of the authorized DKP-T product
shelf-life for the PVC+PVdC120g/Alu-White packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

Before model calculation, the factor batch was established as a fixer factor, because all the MBs
summited to the stability study of interest were included. Furthermore, the kinetic order of the
degradation equation was calculated being 0, obtaining a linear relationship between the CQA and
the time. In this example, the degradation of the total impurities (%) implies an increase in the value,

leading to the obtaining of a positive slope in the regression line. See Figure 5. 20.
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Figure 5. 20 Linear regression for total impurities (%) results at the end of the authorized DKP-T product shelf-life for
the PVC+PVdC120g/Al-White packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

The linear model includes the moth and batch as factors, due to the association within the evaluated
response (total impurities) and the factors were statistically significant. For the established significant
level of 0.25° a p-value lower than this specified value was obtained (month p-value=0.000 and
batch p-value=0.105). In this scenario, the interaction between month and batch was not statistically
significant by reverse reasoning (p-value month*batch=0.643).

As a result, there was one regression equation for each included MB as is shown in Equation 5. 10.

Batch

1 PVC/PVdC/Alu-White= -0.0097 + 0.05219Month

2 PVC/PVdC/Alu-White= 0.0931 + 0.05219 Month

4 PVC/PVdC/Alu-White= 0.0966 + 0.05219Month

5 PVC/PVdC/Alu-White= -0.0504 + 0.05219Month

6 PVC/PVdC/Alu-White= -0.0459 + 0.05219Month

Equation 5. 10.
The shelf-life period was 25.074 months (25 months as adjusted time) guaranteeing, with 95%
confidence, that 50% of the responses obtained are below the specified upper limit for the assay. See
Figure 5. 21.
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Figure 5. 21 Shel-life calculation based on the total impurities (%) results at the end of the authorized DKP-T product
shelf-life for the PVC+PVdC120g/Alu-White packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

The determination coefficient and the adjusted (R% 98.70, R?%qj: 97.98) were near 100, adjusting the

data correctly to the presented model.

Moreover, the residuals are normally and randomly distributed across 0. There was no evidence to
conclude that the mean differs from O at the 0.05 level of significance (p-value>0.05, for the
calculated t-test (0.354). See Figure 5. 22.
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Figure 5. 22 Residuals plot against the fitted value and the observation in time order for the total impurities (%) results
at the end of the authorized DKP-T product shelf-life for the PVC+PVdC120g/Alu-White packaging material at the
stability conditions 30°C + 2°C /65% + 5% RH.

e PVC-Alu-Transparent

The plot of the residuals against their expected values was normally distributed, obtaining a
p-value>0.05 (0.097). See Figure 5. 23.

260



PART I1I-RESULTS AND DISCUSSION _

99

Mean 0.87

StDev  0.6712

N 9

95 ’ AD 0574
° P-Value 0,097

90

70 o
= 60 [
o
g 50 ]
= 40 .

30 [

20 .

10 -

e
5
. .
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5

PVC/Alu-Transparent

Figure 5. 23 Probability plot for total impurities (%) results at the end of the authorized DKP-T product shelf-life for the
PVC-Alu-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

No outliers were detected. All data included was accepted as part of the set of data variability after

performing a Grubbs statistical test obtaining a p-value>0.05 (1.0). See Figure 5. 24.
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Figure 5. 24 Outlier plot based on Grubbs test or total impurities (%) results at the end of the authorized DKP-T product
shelf-life for the PVC-Alu-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

Before model calculation, the factor batch was established as a fixer factor, because all the MBs
summited to the stability study of interest were included. Furthermore, the kinetic order of the
degradation equation was calculated being 0, obtaining a linear relationship between the CQA and
the time. In this example, the degradation of the total impurities (%) implies an increase in the value,

leading to the obtaining of a positive slope in the regression line. See Figure 5. 25.
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Figure 5. 25 Linear regression for total impurities (%) results at the end of the authorized DKP-T product shelf-life for
the PVC-Al-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.

The linear model includes only the moth as a factor, due to the association within the evaluated
response (total impurities), and the factor was statistically significant. For the established significant
level of 0.25°, a p-value lower than this specified value was obtained (month p-value=0.000). In this
scenario, the factor batch and the interaction between month and batch were not statistically
significant by reverse reasoning (p-value batch=0.591 and p-value month*batch=0.816).

As a result, there was one regression equation as is shown in Equation 5. 11.

PVC-Al=0.0848+0.06940*Month

Equation 5. 11.
The shelf-life period was 19.4207 months (19 months as adjusted time) guaranteeing, with 95%
confidence, that 50% of the responses obtained are below the specified upper limit for the assay. See
Figure 5. 26.

Shelf Life = 19.4207
2,0 — Fitted Line
=== 95%UB

PVC-Alu-Transparent

0,5

0,0

Month

US = Upper Specification
Equation for fitted line: PVC-Alu-Transparent = 0.0848 + 0.0694 Month

Figure 5. 26 Shel-life calculation based on the total impurities (%) results at the end of the authorized DKP-T product
shelf-life for the PVC-Alu-Transparent packaging material at the stability conditions 30°C + 2°C /65% + 5% RH.
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The determination coefficient and the adjusted (R% 98.77, R?%q;: 98.60) were near 100, adjusting the
data correctly to the presented model.

Moreover, the residuals are normally and randomly distributed across 0. There was no evidence to
conclude that the mean differs from 0 at the 0.05 level of significance (p-value>0.05, for the
calculated t-test (0.100). See Figure 5. 27.
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Figure 5. 27 Residuals plot against the fitted value and the observation in time order for the total impurities (%) results
at the end of the authorized DKP-T product shelf-life for the PVC-Alu-Transparent packaging material at the stability
conditions 30°C £ 2°C /65% + 5% RH.

5.3. Conclusions

The applicability of the statistic to the calculation of the shelf-life has been demonstrated,
guaranteeing the period in which the medicine meets the specifications for the CQAs of interest. A

representative data set is necessary to ensure the evaluated response by a linear model regression.

Long-term stability studies were involved for MBs including the sampling points at 0, 12, and 24
months.

For both case studies, the proposed shelf life allowed the occurrence of OOS to be eliminated.

In the first case, there was necessary to reduce the product’s shelf-life currently authorized to
maintain the evaluated CQA inside the specification limits for all the APIs.

In the second case, only one packaging material was demonstrated to be feasible for the higher
product's shelf-life currently authorized (24 months). However, all evaluated packaging materials
were useful for 18 months of shelf-life authorized.

This strategy makes it possible to guarantee the quality of the pharmaceutical product during the
calculated shelf-life.
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6. FROM RESEARCH TO IMPLEMENTATION

Advanced technologies allow a better process and product understanding by the monitoring and
control of the product; reduced the risk of poor product manufacturing improving their quality,

safety, efficiency, and consistency.

Regulatory authorities recognize the ability of advanced technologies to reduce the cost of
pharmaceutical manufacturing if implemented correctly’2. The effectiveness of the technology

application could be evaluated by measuring the cost associated to achieve a good quality product.
Quiality product cost could be summarized in four types®:

e Prevention referred to the design, implementation, and maintenance of the quality system.

e Evaluation and audition of products and components ensuring conformance to quality
standards and performance requirements.

¢ Internal failure of a product, component, or material that does not meet quality requirements.

o External failures as a result of shipping defective products to customers.
As a result, sometimes, the associated manufacturing cost per quality unit is not acceptable.

The implementation of advanced technologies has a long-term positive impact on the cost that

depends on their integration into the quality and manufacturing system?*:

e Analytical error reduction due to the low or null interaction of the analyst with the product
when using advanced techniques.

e Reduction of materials and laboratory solvents and, therefore, reduction of their waste
management.

e Analysis of time reduction and therefore the release of the product due to the real-time

process monitoring.

It should be noted that the implementation of these techniques requires a high investment in time,

resources, and personnel to guarantee their applicability.

The quality control analysis, according to the requirement of the country of sale, is carried out for
each of the batches manufactured covering a large part of the time that is invested for the batch
release. As an example, the manufacturing timeline for Sucramal product is presented in Figure 6.
28.
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Figure 6. 28 Manufacturing timeline (in minutes) for Sucramal product.
The analysis of time reduction in terms of MBs per year and quality control analyzing time is detailed
in Figure 6. 29 for the included researched products.
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Considering the NIR/Raman method the control analysis in 1 out of 10 batches by both methods (reference and
alternative).
Figure 6. 29 Comparison of hours invested between the reference method and the alternative method.

The analysis times in the determination of the CQAs of interest for the investigated products
considering each one of the registered and alternative methods (by NIR or Raman spectroscopy) have
been stipulated following the real working conditions in the QC laboratory. In 2021 527 batches of
products in solid oral form were manufactured (86 Sucramal, 344 DKP-T tablets, and 131 for Nimesil
products). As a result, considering the analysis times per manufactured batch (see Table 6. 11), 3138
hours were invested for quality control by the reference method application, compared to 1064 hours
that could have been invested when implementing the alternative methods. Hence, the hiring of one
person and 20 percent of the work of a second person could be saved from the time invested
(considering 1752 working day hours).
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In 2022, 561 batches of products in solid oral form were manufactured (73 Sucramal, 361 DKP-T

tablets, and 93 for Nimesil products). As a result, 2757 hours were invested for quality control by the

reference method application, compared to 875 hours that could have been invested when

implementing the alternative methods. Hence, the hiring of one person and 7 percent of the work of

a second person could be saved from the time invested (considering 1752 working day hours).

Table 6. 11 Work hours per batch manufactured for each product evaluated by the reference and alternative method.

Solid oral form | Working hours/batch involving the | Working hours/batch involving the
product reference method alternative spectroscopic method

Sucramal 5.25 hours 0.75 hours

DKP-T tablet 4 hours 0.5 hours

Nimesil 10 hours 3.90 hours

As indicated in Figure 6. 29 the product with higher savings corresponds to DKP-T tablets due to the

advanced technology that will be implemented for all MBs.
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CONCLUSIONS

In conclusion, this thesis has discussed four key application areas for advanced analytical techniques

in combination with statistics.

1. After new sources of variability were detected during the identity test for incoming SM
involving NIR spectroscopy, the maintenance of the identification library has been
developed and properly validated, in terms of specificity and robustness, to unambiguously
identify and qualify 237 SM. Moreover, the direct transferability between NIR Bruker
equipment (MPA and MPA 1) has been demonstrated through the implementation of PCA
as a mathematical data treatment and a specific diagram of decisions to visualize possible
spectral significance differences. The risk assessment based on the FMEA analysis has been
involved to evaluate the SM’s criticality for transferability evaluation.

2. The development and validation of offline methods for the identification, qualification, and
guantification of the CQA assay, and content uniformity if needed, for solid pharmaceutical
forms are satisfactorily achieved. Moreover, the proper maintenance of an inline NIR
methodology for identity, assay content, and moisture content determination after the final
mixing unit operation has been achieved.

e Sub-cascading spectral strategy has been used for identity test development. The
guantification methods have been developed involving PLS analysis.

e The set of methods have been satisfactorily validated based on the guidelines approved
for this purpose in terms of specificity and robustness for the identity methods, and in
terms of specificity, linearity, accuracy, precision, robustness, and range for the
quantitative methods.

e The experimental design for sample sets preparation and the sampling accessory and
equipment measurement parameters have been critical for guaranteeing sampling
representativeness and applicability throughout the product life cycle.

¢ Due to satisfactory results, the NIR strategy is in the approval process as an alternative
determination method for the release of batches manufactured in the registry of the
product's authorized regions.

3. The validation and if applicable verification of the manufacturing equipment cleanliness has
been achieved with the development and validation of methodology based on a rapid general
organic carbon technique.

The applicability of the TOC technique was demonstrated for a water-soluble contaminant.
The AQbD strategy has been involved to achieve satisfactory results in terms of limit of

detection and quantification, linearity, accuracy, precision, and robustness.
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Moreover, satisfactory results have been achieved for the transferability study between
offline and inline equipment, being able to guarantee the good indistinct use of both.

4. The application of statistics has allowed the optimization of the shelf-life of two specific
pharmaceutical forms, solid and liquid, involving the evaluation of historical data for
long-term stability studies, avoiding the presence of CQAs out of specification at the end of

the useful life.

From these arguments, one can conclude that the methodologies developed in this thesis provide
solutions to real needs used satisfactorily in the routine control of the quality of medicinal products
in the pharmaceutical industry. Hence, the capacity of NIR and Raman spectroscopy, and TOC as
rapid analysis techniques has been demonstrated. As a result, its correct implementation
demonstrates a better understanding of the pharmaceutical process that allows to improve the quality,
safety, and efficacy of the drug, also highlighting the cost savings associated with the drug

manufacturing process.
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