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European Pharmacopoeia includes dedicated chapters for Raman, NIR and Chemometrics, as well as there is a lot 
of Academia research on the matter. Despite that, the word innovation is often associated to such tools and there 
is a still slow implementation at industry. The paper is the outcome of the Associazione Farmaceutici dell’In-
dustria (AFI) Study Group on Process Innovation and Product Lifecycle; the aim is to describe some case studies 
referring to practical approaches in pharmaceutical industry, in order to depict challenges and opportunities for 
the implementation of spectroscopic techniques. Case studies include: feasibility and pre-screening evaluations, 
chemometric model development approaches, way for the method maintenance during commercial 
manufacturing, challenges for implementation on existing equipment and on sterile processes. Case studies refer 
to oral solid products, liquid products and sterile Active Pharmaceutical Ingradient (API) manufacturing. There 
are already successful and robust spectroscopic applications in pharmaceutical industry and the technology is 
mature: this is the outcome of a strong applied research performed at pharmaceutical production departments. It 
is necessary to acknowledge efforts done by industry as Research for strengthening the cooperation with 
Academia, so that advantage of process innovation might reach the patients in a fastest way.   
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1. Introduction 

The pharmaceutical manufacturing sector changes rapidly, for 
instance European Medicines Agency (EMA) guidelines about Quality 
increased from 5 on 2005 to 46 on 2016 (Panzitta et al., 2017), the 
introduction of challenging regulations and guidelines impose to 
implement technological innovations. For doing so important reference 
/ milestone are guidelines on Process Analytical Technology (PAT) 
(FDA, 2004), on spectroscopic analysis techniques (EMA, 2014; Ph. 
Eur., 2005; Ph. Eur., 2014), on Quality by Design (QbD) (ICH, 2009) as 
well as risk assessment and management through statistical methods 
(ICH, 2005). Ensuring the quality through continuous improvement 
within the manufacturing environment, is the key concept of pharma-
ceutical industry (ICH, 2008), “The fundamental destination of pharma-
ceutical quality has been long envisioned: a maximally efficient, agile, flexible 
pharmaceutical manufacturing sector that reliably produces high quality 
drugs without extensive regulatory oversight.” (Yu and Kopcha, 2017). NIR 
has a well-established use for qualitative analysis aimed to perform raw 
materials identification, which is by far more spread than quantitative 
analysis for PAT or Real Time Release Testing (RTRT) (Nagy et al., 
2018). In the last years, also Raman spectroscopy emerged as one of the 
most promising tool for pharmaceutical processes characterization 
(Nagy et al., 2019; Esmonde-White et al. 2017). NIR and Raman bring 
noticeable advantages to pharmaceutical industry versus conventional 
techniques such as HPLC: they are fast and non-destructive techniques, 
providing physical and chemical information without requiring sample 
preparation. Therefore they are useful not only at laboratory level but 
also at production level for real–time analysis of manufacturing pro-
cesses (Alcalà et al., 2012). 

Raman spectroscopy is a vibrational technique based on the radia-
tion scattered: the spectra measures the inelastic scattering, a weak and 
difficult to measure phenomenon, which occurs only in a small part of 
photons. The molecule has to experiment a change in the polarizability 
to be active in Raman (Johansson et Al., 2010). For that reason, modern 
Raman spectrometers optimize the amount of inelastic photons and their 
detection, using a laser as a source of monochromatic radiation of high 
intensity light. A Raman spectrometer consists of three basic compo-
nents: a laser source, a sampling optics and a detector (Adar et Al., 
2001); the most versatile and most widely Raman technique used for 
pharmaceutical application is Transmission Raman Spectroscopy 
(Buckley and Matousek, 2011; Eliasson et Al., 2008; Matousek and 
Parker, 2007). NIR spectroscopy has been studied longer than Raman 
and contrary to the latter it is mainly applied in reflectance mode 
(Abrahamsson et Al., 2005; Krämer and Ebel, 2000), it is a vibrational 
technique too but based on the absorption of radiation. The molecules 
present absorption bands in the NIR region if there is a large mechanical 
anharmonicity of the atoms involved in the bond and a change in the 
dipole moment during the molecular vibration (Siesler, 2008). NIR and 
Raman are complementary techniques since although both obtain in-
formation the vibrational transitions of molecules, there are differences 
in the types of bonds that can be active in one and the other (De Beer 
et al., 2011). Spectroscopic techniques enhance the implementation of 
most advanced manufacturing approaches, such as continuous 
manufacturing, with the final benefit of improving knowledge, robust-
ness and process flexibility. PAT and RTRT are one of the pillar on which 
rests continuous manufacturing and cooperation amongst Academia, 
Industry and Regulators is fundamental. Moreover, harmonization at a 
Regulatory level is necessary in order to enhance practical application of 
spectroscopic techniques: they are part of regulatory Common Technical 
Documents, often spread in hundreds of countries worldwide (Nasr et 
Al. 2017). 

Authors describe 4 case studies, below summarised and fully dis-
cussed in the method and results chapter, with the aim to depict the use 
of Raman/NIR in different phases of medicinal products production: 1 
approach referring on various steps and techniques for building the 
chemometric model for Content Uniformity and Assay purposes, 1 case 

referring on how to develop and maintain established Raman/NIR 
techniques for Content Uniformity and Assay purposes, 2 early stage 
developments use cases 1 referring to water content determination and 1 
referring to the endpoint determination of a dry-mixing process under 
aseptic conditions. 

1.1. Case study 1 

It describes methodologies for development path for building the 
chemometric model for Raman and NIR purpose, both for Content 
Uniformity and Assay of tablets. 

1.2. Case study 2 

It refers to spectrophotometric applications in a mature environment 
working since over 15 years on the matter for the development of 
quantitative methods by rapid, spectroscopic technologies applying 
chemometric models with the final goal of transforming the traditional 
Quality Control (QC) testing for the Standard Commercial Portfolio and 
enabling Real Time Release Testing (RTRT). 

The analytical development focused on the replacement of chro-
matographic and potentiometric titration standard technologies, IR 
spectroscopic and X-Ray diffraction with NIR (and Raman) for assessing 
Content Uniformity, Assay, 2nd identification, water determination and 
polymorphism of small molecule drug products and drug substances 
(Luypaert et Al., 2007; Li et Al., 2011; Blanco et Al., 2006). The NIR and 
Raman methods implementation supported the efficiency increase of 
release and stability laboratories; over the last 12 years, NIR methods 
have been submitted to several Health Authorities (e.g. FDA, EMA, 
PMDA) as part of the control strategy (FDA, 2004). Through these 
regulatory interactions, the approach for method development, valida-
tion and method/spectroscopic model maintenance has evolved over the 
last years (EMA, 2014). The three below mentioned dialog topics with 
the Health Authorities led to the current NIR method development, 
validation and maintenance approach discussed in the case study:  

1. Use of the correction factor for content uniformity NIR results  
2. Method Validation approach  
3. Model Life Cycle Management 

1.3. Case study 3 

A NIR calibration model has been developed with the aim to analyze 
in line the water content in ethanolic solution, using a Karl – Fisher 
instrument and test method as reference. 

After the optimisation process, the calibration model was validated 
using an independent sample set covering all over the water content 
range of interest (0–5000 ppm). The validation demonstrated that NIR 
provides linearity and accuracy results comparable with the reference 
method, as well as specificity and robustness were proofed. In case of a 
new formulation or major change on current drug product formulas, it is 
evaluated the need to re-validate the method. 

1.4. Case study 4 

The case study refers to the implementation of a NIR system for the 
mixing endpoint determination for a sterile blend. The technique shown 
to be an interesting tool for In-Process Controls (IPC), being a fast and 
non-destructive method (Roggo et Al., 2007; FDA, 2004). The use as IPC 
during sterile products manufacturing is extremely promising, as it al-
lows for the determination of the end-point of a process without dis-
charging the product from the process container, hence without any 
impact on the sterility (Henriques et Al., 2019). The case study aims to 
assess the possibility to introduce a NIR as an IPC system for measuring 
the mixing process endpoint. The development consists of three phases: 
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1. Feasibility assessment  
2. Laboratory scale trials to verify the technique’s suitability for the 

intended purpose.  
3. Implementation in the production department. 

Authors consider both Raman and NIR useful for developing PAT or 
RTRT approach, often they are complementary providing a full picture 
of the manufacturing process. 

The paper is the result of the Study Group on product lifecycle and 
process innovation of AFI, along with the support of external contributors. 

The aim is to describe some case study referring to practical appli-
cations in order to depict challenges and opportunities for the imple-
mentation of spectroscopic techniques on pharmaceutical 
manufacturing. The paper is conceived as just a reflection and a starting 
point to stimulate further debate. 

2. Methods and results 

2.1. Preliminary evaluations methods 

Spectroscopic techniques may apply to various process steps and 
ideally to a wide products variety, therefore it is very common per-
forming preliminary assessment in order to understand at which extent 
Raman-NIR would apply in a manufacturing environment. 

Table 1 summarizes main factors to be taken in to account for a 

preliminary analysis for oral solid products, to each one is assigned a risk 
score between 1 and 5, and the total represents the final overall score. 

Such simple methodology prescreens a vast range of products, the 
mentioned factors are the main technical drivers for assessing if a 
spectroscopic technique might apply to the intended product. 

It is well known concentration too small or too high of API might give 
problems, as well as some excipient might introduce fluorescence (i.e. 
cellulose for transmittance Raman) or tablet coating might interfere 
with the reading (i.e. highly colored substances for transmittance 
Raman). 

The peak is an intrinsic substance property: if from prescreening 
analysis performed just on final mixture blend a clear API peak is visible, 
the probability of success rises; similarly, the solid state chemistry 
knowledge about an API, both as a raw material and as part of a 
formulation leading in to chemical transformation while it is processed, 
is a success factor for developing the method and the calibration set 
samples manufacturing. 

Anyway, the spectroscopic analysis is a single manufacturing step of 
a complex operational workflow, that’s why after having preliminarily 
assessed the product suitability an overall evaluation of the impact on 
manufacturing operations should be done including not only technical 
factors. It requires alignment of several points of view, therefore it is 
important to acknowledge that Raman/NIR applies to an industrial 
environment where several stakeholders contribute to the 
manufacturing environment management, although with different 
technical and not technical duties and skills. In Table 2 are reported the 
overall pre-screening assessment. 

Each criteria might split in further sub factors for an in depth eval-
uation, for example typical Regulatory factors split as reported in 
Table 3: 

Considering the variety of methodology existing in the risk field, the 
above mentioned examples aim to strengthen the concept that a risk 

Table 1 
Risk ranking score for pre-screening.  

API % 
formulation 

Excipients 
interference 

Peak 
intensity/ 
specificity 

Solid state 
chemistry 
knowledge 

TOTAL 

Score 1–5 Score 1–5 Score 1–5 Score 1–5 1–20  

Table 2 
Overall prescreening assessment.  

CRITERIA DEFINITION WEIGHT SCORING 

Technical Aspects Extent to which how complex the product will be to transform and produce TBD 1 - Low Complexity 3 - Medium Complexity 5 - High 
Complexity 

Operational 
Aspects 

Extent to which the Product can be adapted to the current operation TBD 1 - Low Complexity 3 - Medium Complexity 5 - High 
Complexity 

PAT requirements Extent to which PAT / Modeling aspects must be considered for the proposed 
technology 

TBD 1 - Low Complexity 3 - Medium Complexity 5 - High 
Complexity 

Execution System Extent to which Execution System integration and support is needed to manage the 
product 

TBD 1 - Low Complexity 3 - Medium Complexity 5 - High 
Complexity 

Regulatory Aspects Extent to which Regulatory requirements may be required to support product 
transformation 

TBD 1 - Low Complexity 3 - Medium Complexity 5 - High 
Complexity 

Transfer Strategy Extent to which the Transfer will be completed on time and in budget. TBD 1 - Low Complexity 3 - Medium Complexity 5 - High 
Complexity 

TOT  100% ∑ (SCORE X WEIGHT)  

Table 3 
Regulatory sub factors, prescreening assessment.  

Regulatory sub 
factors 

Description Weight Score 

BCS Classification Will establish regulatory requirements for the intended market. (e.g. Demonstration of IVIVC 
dissolution comparability or BE Study (High / low solubility) 

50% 1- Low Impact (e.g. No major changes from Batch, 
Disso Profile Only) 
3- Medium (e.g. Slight change to the formula, can 
be justified with a biowaver) 
5- High Impact (e.g. Major Change, IVIVC or BE 
Study required) 

Filling 
Requirements 

Associated to the market registration 30% 1- Low Impact (no changes to baseline) 
3- Medium 
5- High Impact (New requirements over the 
baseline filing requirements) 

Markets Dissolution, BE, Various Markets 20% 1- Low Impact (single Market strategy) 
3- Medium 
5- High Impact (multi country strategy)  
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ranking approach, since the early phase, helps to develop sustainable 
methods and to align multidisciplinary teams. On top of the above 
mentioned assessment, might apply further economic appraisals for 
evaluating the overall sustainability. 

3. Case study 1 – Chemometric model development approach 

3.1. Calibration and validation set sample strategy 

The calibration set sample must reproduce the variability expected 
from commercial production tablets. A calibration set sample developed 
for the “traditional evaluation” of Content Uniformity via HPLC requires 
a chemical risk assessment and usually does not take into account the 
physical variability. Furthermore, being a destructive analytical 
method, the sample is lost. It is of pivotal importance for NIR and Raman 
to establish how the raw materials physical variability, and the various 
modifications during the manufacturing process, affect the drug product 
spectroscopic analysis. The raw materials risk analysis should be 
coupled with a process analysis in order to understand how raw mate-
rials properties change during the manufacturing process (Bodson et Al., 
2007; Alam et Al., 2017). 

The calibration set is designed and developed accordingly to the 
EMA Guidelines on NIR and used both for the development of the Raman 
and NIR methods; the guideline originally developed for NIR applies 
also to Raman spectroscopy. The chapter “Risk assessment of variables 
affecting NIR procedures” is particularly relevant: the physical vari-
ability affects the model and must be included in the sample population. 
Even if Raman exerts analytical criticalities different from NIR, they 
must be considered and included during the calibration set design (EMA, 
2014; Peeters et Al, 2016). Table 4 and 5 simplify for indicative purposes 
main process variables for oral solid products influencing Raman and 
NIR models. Table 4 shows the risk analysis according to raw material 

properties which could affect the NIR or Raman spectra. The risk asso-
ciated to each factor depends on the manufacturing process used to mix 
up the components and the level of concentration of these ones present 
in the final product: direct mixing or wet granulation. Particle size dis-
tribution (PSD) may affect both NIR and Raman spectra whereas the 
presence of water/loss on drying (LOD) may affect the NIR spectra 
(Šašić, 2008; Burns and Ciurczak, 2008). When applying direct mixing 
PSD and LOD rely only to raw material properties, therefore it is 
necessary to evaluate variations through different suppliers or through 
different batches of the same supplier: if variations appear they must be 
included in the calibration set. On the contrary during a wet granulation 
PSD and LOD depend on the process. API crystallinity grade can affect 
both NIR and Raman spectra (Blanco et Al., 2006; Van Renterghem 
et al., 2017), every source of cristallinity variation should be investi-
gated: changes induced by the process transforming raw materials in 
final products, different suppliers, different batches of the same supplier. 
Finally, some components or the same component from different sup-
pliers might exert different fluorescence effect on Raman spectra 
(Esmonde-White et al. 2017). Table 5 shows the risk analysis according 
to manufacturing process properties potentially affecting NIR or Raman: 
LOD of wet granulated products may affect NIR and PSD can affect both 
NIR and Raman, such variability can be introduced in the calibration set 
using routine production batches samples. The compaction pressure 
affects directly the tablet hardness which may affect both NIR and 
Raman (Roggo et Al., 2007; ̌Sašić, 2008); pilot plant samples compacted 
at different pressures or samples from production batches are used to 
include the compaction effect in the calibration set. Tablets thickness 
variation may affect the model performance when measuring the 
transmission spectra, the expected variation can be foreseen via routine 
production samples. Moreover, the same approach can be used to 
include manufacturing variation in coating process, affecting both NIR 
and Raman (Blanco and Peguero, 2010; Jestel, 2010). 

Furthermore, Risk Management Tools are useful in order to have a 
better understanding of every factors influencing Raman and NIR 
method performance (ICH, 2005). Once it has been studied and decided 
how to incorporate the physical variability effect, the addition of 
chemical variation in the calibration and validation set has to be done 
for quantitative methods by expanding the narrow API concentration 
range of routine production batches (EMA, 2014; ICH, 1994). For doing 
so, different strategies may apply such us preparing samples at different 
scale: laboratory (by direct mixing or over and under-dosing routine 
production samples), pilot plant, manufacturing plant (Romañach et Al., 
2016). 

Table 4 
Raw materials risk analysis.    

NIR spectrum Raman spectrum   

API Excipient API Excipient 

Manufacturing 
process 

Factors Low 
concentration 

Medium-high 
concentration 

Low 
concentration 

Medium-high 
concentration 

Low 
concentration 

Medium-high 
concentration 

Low 
concentration 

Medium-high 
concentration 

Direct mixing PSD Very low Medium-High Very low Medium-High Very low Low Very Low Low 
Wet 

granulation 
PSD Null Null Null Null Null Null Null Null 

Direct mixing LOD Medium High Medium High Null Null Null Null 
Wet 

granulation 
LOD Null Null Null Null Null Null Null Null 

Direct mixing Crystallinity Low Medium-high N/A N/A Low Medium-high N/A N/A 
Wet 

granulation 
Crystallinity Null-Low1 Null- 

Medium1- 
high1 

N/A N/A Null-Low1 Null- 
Medium1- 
high1 

N/A N/A 

Direct/wet Fluorescence Null Null Null Null Null-High2 Null-High2 Null-High2 Null-High2  

1 Only for non/low water solubility API. 
2 Only for components that reveals fluorescence. 

Table 5 
Manufacturing process risk analysis.  

Manufacturing 
process 

Factors NIR spectrum Raman spectrum 

Wet granulation LOD (final 
product) 

Significant effect Null 

Wet granulation PSD (final 
product) 

Significant effect Low effect 

Tableting Hardness Significant effect Low effect 
Tableting Tablet 

thickness 
Null-Significant 
effect3 

Null-Significant 
effect3 

Coating Coating low effect Significant effect  

3 Only when transmission spectra is measured 
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3.2. Chemometric method development 

Chemometric techniques are commonly used to correlate the NIR 
and Raman spectra to API concentration changes; the calibration set is 
designed to develop a Raman or NIR chemometric model (EMA, 2014). 
Fig. 1 shows Chemometric method development general steps. 

A chemometric processing software elaborates the achieved the 
spectrum and the first step is the data matrix definition (Ph. Eur., 2016). 
An esample of data matrix is reported in Fig. 2. Each row belongs to a 
sample whereas each column is the value for each sample in determined 
wavelength/wavenumber or Raman Shift (variable). Besides spectra, a 
new column has to be included in order to add the reference values for 
each sample obtained by the reference method (quantitative values for 
quantitative methods, or classes/categorical values for qualitative 
methods). 

The data set are divided in two main sets: calibration and external 
validation. The external validation is used to demonstrate the quality of 
the model and it has to be an independent set from calibration set. The 
matrix used for this step is obtained from calibration samples and must 
carry out the calibration process. Once the calibration process is ar-
ranged, a pre-treatment should be applied (see Fig. 3) (EMA, 2014). 

3.2.1. Pre-treatment and range selection 
Now it is possible to pre-treat data: it is a mathematical operation 

applied through spectra (row pre-treatments) or variables (column pre- 
treatments) (Huang et Al., 2010). The first ones eliminates contributions 
non-related with the property of interest such background effects (e.g. 
scattering in NIR or fluorescence in Raman), random noise, etc. and 

increases the resolution emphasizing small spectral variation not 
evident in the raw data. The second ones are used to centering and 
autoscaling variables with different behaviour. 

Row pre-treatments: mathematical operation through each sample 
(Gemperline, 2007).  

- Scattering-corrective methods, reduce the variability between samples 
due to scattering effect: Standard Normal Variate (SNV), MSC  

- Derivative methods, increase the resolution between overlapped 
spectral bands and subsequently reducing the signal background. 
The most used method is Savitzky-Golay derivative. 

Column pre-treatments: mathematical operation through each vari-
able, it applies after the row pre-treatments and before calculating the 
model (Gemperline, 2007).  

- Mean centering, removes the absolute intensity allowing a model 
development focused on the response variation about mean. 

The range selection can be done before or after the pre-treatment but 
conventionally it is done later; it allows to exclude from spectrum areas 
with a high noise or not containing information relevant for the model 
development (Ph. Eur., 2016). 

3.2.2. Outlier detection 
Outlier is an observation not following the pattern of the majority of 

Fig. 1. Chemometric method development general steps.  

Fig. 2. Initial Matrix.  

Fig. 3. Calibration operations scheme.  
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the data (Montgomery, 2009), as stated on NIR EMA Guidelines any 
suspected outlier in the sample data (either spectra or reference data) to 
be included in the calibration or external validations set should be 
investigated and any exclusion justified (EMA, 2014). The Principal 
Components Analysis (PCA) is a tool useful for finding outliers related 
with sample spectra or potential outliers undetected when spectra are 
visualized, as well as to identify trends in the data set and influence 
samples (Chen et Al., 2009). 

3.2.3. Optimization set selection 
The calibration set might split in model calculation and model 

optimization sets, if enough data are available, in calibration set. It can 
be done by different ways: visual selection using the PCA scores or a 
mathematical algorithm included in most of the chemometrics software 
such as Kennard Stone selections. If samples are not enough, all cali-
bration samples are used to calculate the model whereas the optimiza-
tion is done by cross-validation method. 

3.2.4. Calculation of model – qualitative methods part 
Various chemometric tools obtain qualitative information from 

Raman or NIR spectra, the most common tools are (Szymańska et Al. 
2015): 

Correlation: it is the simplest one to measure similarities between 
spectra, as the correlation coefficient increase, the similarity increase 
too; it is used to classify a sample to a known group according to a 
threshold defined during the development. 

Distances: it is a measure of similarities between spectra and a class, 
as the distance decrease, the similarity between the spectra and class 
increase; it is used to classify a sample to a known group according to a 
threshold defined during the development. Distances calculation can be 
done in both spectral and PCA space. 

Linear Discriminant Analysis (LDA): it is a discriminant classification 
method used to find boundaries between classes; unknown samples will 
be always identified as any class unless a restriction rule is defined. 

Soft Independent Modelling of Class Analogy (SIMCA): it is a class 
modelling method, a separate PCA model is performed on each class 
present in the calibration set; samples outside the classes-models are 
classified as unknown. 

3.2.5. Calculation of model – quantitative methods part 
Partial Least Square (PLS) is a chemometric tool (linear multivariate 

calibration algorithm) defining the model, it is a variable reduction 
method but, unlike PCA, variable matrix (X) is decomposed using the 
information of response matrix (Y). The new latent variables are 
calculated such a way that the explained variance in X is maximized and 
at the same time the covariance between them and Y is maximum (Wold 
et Al. 2001). The model is performed by the following steps: 

Number of factors: optimized using the plot of Root Mean Square 
Error (RMSE). This value is a measure of the average uncertainty 
expected when predicting Y-values for new samples. 
Confirmation of outliers: the confirmation of spectral outliers detected 
previously using a PCA 
Performance of model: it is assessed with predicted vs. reference 
values and residuals vs. predicted values plots. 

3.2.6. Iterative strategy 
The steps from spectral pre-treatment to model calculation and 

optimization are repeated until achieving a satisfactory specificity for 
qualitative model and a satisfactory prediction values for quantitative 
methods. 

3.2.7. External validation 
Once defined and optimized the calibration model, the external 

validation set applies for assessing the model performance with inde-
pendent samples, the validation is done according to ICH Q2 with the 

support of EMA guidelines on NIR (ICH, 1994; EMA, 2014). 

4. Case study 2 – Chemometric model validation and 
maintenance approach 

4.1. Use of the correction factor for content uniformity NIR results 

NIR spectroscopy is sensitive to chemical, physical and environ-
mental parameters: all of them can influence the obtained spectrum 
(Blanco and Peguero, 2010). Therefore, during the development of a 
chemometric model for Content Uniformity relevant variables, i.e., the 
concentration of the active in the drug product, and several non-relevant 
parameters are taken into account to exclude a correlation of the spec-
tral variation due to non-relevant parameters with the variation in the 
relevant parameter (Moes et Al., 2008; Tomuta et Al. 2014). This is 
defined as the robustness of the chemometric model. Table 6 shows non- 
relevant parameters taken into account during the NIR method devel-
opment for tablets Content Uniformity Test. 

However, not every sources of spectral variation occurring during 
the drug product lifecycle are known or available during the method 
development. Any non-relevant parameter, that has not been accounted 
for during method robustness evaluation, may lead to spectral vari-
ability influencing the model predictive capability (Xiang et Al. 2009). 
Therefore, in case a batch contains a non-relevant parameter correlated 
with the API concentration, its influence on the NIR measurements of 
individual tablets is identical for each tablet of the batch. As a result, 
offset predictions (systematic error, bias of accuracy) for the batch are 
obtained, however the variance (precision) in the predicted values of the 
individual tablets is not influenced. To compensate this potential lack of 
accuracy (bias) for batches containing non-relevant parameters corre-
lated with the API concentration, the NIR test method applies a 
correction factor. A correction factor is needed when different proced-
ures are used for Assay of the preparation and for the Content Unifor-
mity Test (FDA, 2014; Ph. Eur., 2008) and it should be specified and 
justified in the registration dossier. The correction factor is the ratio of 
the Assay determination by LC over the average API content of indi-
vidual tablets obtained by the NIR method. (Pino-Torres et Al., 2020). 
The correction factor (F) applies to the obtained NIR results of individual 
tablets, below reported the formula: 

F =
AssayHPLC

Average AssayNir 

The NIR test method contains an acceptance criterion for the 
correction factor, i.e. it needs to be in the interval [0.900; 1.100]; in case 
it is outside, the non-relevant parameters have a major influence on the 
NIR predicted API concentration and the current chemometric model 
cannot be applied. Therefore it requires an investigation and the batch 
will be released by the reference Content Uniformity method, and 
potentially the chemometric model might be updated to include the 
robustness for this new non-relevant parameter. The correction factor 
formula and acceptance criteria were originally stated in the USP31 
NF26 (USP31 NF26 〈905〉). These detailed information were then 
removed in the United States Pharmacopeia 33 (USP33 NF26 〈905〉) and 
replaced by a simple sentence giving the reader the possibility to adopt 
the more convenient correction factor for the intend of use. The 
correction factor indirectly monitors for each analysed batch the po-
tential presence of non-relevant parameters having a major influence on 

Table 6 
Non-relevant parameters assessed during method development for tablets.  

Chemical Physical Environmental 

water content tablet hardness sample presentation 
batch-to-batch raw 

materials 
particle size API or granulate NIR instruments 

– – Temperature / RH  
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the predictive power of the chemometric calibration model. It is a 
powerful tool, as it verifies for each analysed batch whether the cali-
bration model is capable for the Content Uniformity Test of the batch. 
Therefore, it can be seen as a system (sample) suitability test for the 
calibration model performance. Despite this, the correction factor trig-
gered several clarifying questions from Health Authorities and as a 
consequence, the strategy for the method development changed by 
intensively assessing the model robustness and verifying whether the 
calibration model can be applied without a correction factor. By that 
approach, the method can be used next to the batch Content Uniformity 
also to determine the Assay; the continuous verification of the applica-
tion of the chemometric calibration per batch is obtained by including 
thresholds for spectral quality attributes in the test method. In case 
thresholds are not met, the model needs maintenance activity. 

4.2. Method validation approach 

Considering method validation, Authors mention two common 
attention points that came out of the Health Authority discussions, i.e. 
sample traceability and specificity. Current regulatory guidelines indi-
cate that method validation samples need to be “independent” from 
those used for the chemometric calibration model (FDA, 2015; EMA, 

2014). The word “independent” can be interpreted in different ways. 
Therefore, Authors agree that for validation purposes samples should 
come from completely different batches, produced by using at least one 
different API lots, as compared to the calibration sample. For specificity, 
the regulatory requirement is to evaluate that sample(s) out-of-scope of 
the NIR method are rejected by the method. A sample is considered to be 
rejected by the test method in case the threshold for the spectral quality 
attributes is not met or in case the prediction result is outside the model 
range. For this reason, a placebo sample (which is sample(s) out-of- 
scope of the NIR method) has been included in the validation set to 
demonstrate the model specificity. 

4.3. Model maintenance 

Due to the NIR technique sensitivity towards many (non-relevant) 
parameters, any chemometric calibration model needs to be monitored, 
evaluated and potentially updated during its lifecycle. This is performed 
by implementing a solid model maintenance strategy, taking into ac-
count the requirements to obtain fast approvals for NIR method updates 
performed under the internal GMP framework and the evaluation of the 
updates that need regulatory approval (Mercader and Puigdomènech, 
2014). Authors define as Model Maintenance all the actions to verify - 

Fig. 4. Run chart of correction factor, mahalanobis distance and residual.  
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either ad hoc or periodically - the performance of a chemometric cali-
bration model after its validation and implementation in the QC labo-
ratory or the commercial manufacturing environment (as a PAT tool) 
(Wise and Roginski, 2015). Model Maintenance consists of two parts: 1. 
model verification, which is the verification of the accuracy by analysing 
and comparing the same samples applying NIR and reference method 
and 2. model track and trending, which is the evaluation of the evolution 
of certain predefined spectra quality attributes and analytical results of 
analysed batches in a certain timeframe, generally one year. 

Model maintenance is defined per product, based on risk assessment 
evaluating NIR signal, concentration of the relevant parameter (e.g. high 
or low dosed API), method development information (e.g., RMSECV of 
NIR model, number of batches and number of NIR instruments included 
in the model, etc.), Robustness evaluation, Method Validation infor-
mation (e.g., SEP, Bias, etc.), Method Transfer information, Stage gate of 
product, Historical data. The assessment outcome triggers the test 
strategy definition, evaluation of the model maintenance data against 
pre-defined acceptance criteria, the minimal frequency for model 
maintenance as well as the executing laboratories (Bakeev, 2010). A 
protocol captures above mentioned information. There are three (3) 
different triggers for the model maintenance execution. The first trigger 
is time, as described in the protocol a model verification needs to be 
executed within a certain time period after the last model maintenance 
or after validation/transfer in case of the first model maintenance ac-
tivity (preventive maintenance). Secondly, any known change to the 
product (e.g., change of manufacturing process, in a raw material sup-
plier and/or property) needs to be evaluated and can lead to a model 
verification (proactive maintenance). Thirdly, an out-of-specification 
result and/or not meeting the threshold for the spectral quality attri-
butes can lead to performing a model verification (corrective mainte-
nance) (Bakeev, 2010). Model track and trending is also required as 
preventive and corrective maintenance. It monitors the chemometric 
model performance over a certain timeframe by statistical data evalu-
ation with the goal to identify outliers, shifts or trends versus a centre 
line and the established control limits. The analytical result (e.g. API 
content and/or correction factor) and the spectral quality attributes (e.g. 
Mahalanobis distance and residuals) are plotted on a run chart and 
evaluated to determine the chemometric model validity or the need to 
update it. Below described an example of track and trending run chart 
and data evaluation for the Content Uniformity of one product. Fig. 4 
represents the run chart of correction factor, mahalanobis distance and 
residual. 

An evaluation of the correction factors shows that the acceptance 
criteria is not met for 3 batches. For them the corresponding NIR Assay 
values are significant lower as compared to the LC-analysis (Fig. 5). 

The spectral quality attribute Mahalanobis distance is comparable 
for all batches with the exception of the same three batches, where the 
Mahalanobis distance is significantly higher and for 2 batches it is above 
the established control limit. The higher Mahalanobis distance indicates 
a dissimilarity between the spectra of these batches and the calibration 
model, indicating that the method is not robust for the analysis of these 
batches as the corresponding NIR assay values are significantly lower as 
the LC results, without matching the acceptance criteria for the 

correction factor. For the spectral quality attribute residuals all values 
are comparable with the values obtained during calibration, validation 
and transfer of the NIR test method. 

The Run Chart Application shows also some trends (see red circle), 
which are always close to the center line and well within the established 
control limits (with the exception of the 3 batches previously discussed). 

Therefore, it is concluded that the NIR method is capable to perform 
CU analysis and no action is required to update the calibration model. 
Both model verification and model track and trending may lead to an 
update of the chemometric calibration model. Any model update is 
performed by including additional spectral variability and thereby 
increasing its robustness towards non-relevant parameters (Candolfi and 
Massart, 2000); therefore, the update requires a thresholds re-validation 
and re-evaluation for the spectral quality attributes. Like as a change in 
the calibration model does not impact the spectral acquisition, the re- 
validation is merely applying the updated calibration model to the 
previously recorded validation spectra and evaluating results against the 
same acceptance criteria as defined in the original validation. Therefore, 
calibration model updates generally do not have regulatory impact (i.e. 
post approval submissions). 

5. Case study 3 – Development of NIR method for water content 

5.1. Case description 

Water content is a critical attribute for some drug products because 
APIs are prone to degradation in presence of water, moreover for a few 
drug products water content is a release specification. A screening of 
suitable analytical technique to monitor the water content on line has 
been done: the result was that NIR application seems to be applicable 
and reliable. A NIR method can be used as an alternative method to one 
or more validated reference methods and generally needs to be devel-
oped and validated in conjunction with them (EMA, 2014). 

5.2. Equipment description 

The equipment includes: the spectrometer, the probe, low –OH 
content optic fibres and a computer with specific software for Chemo-
metric analysis. The spectrometer is equipped with a Quartz halogen 
source, Quartz Beam splitter and TE-Cooled InGaAs detector. The 
spectral range is 12,800 cm− 1–4000 cm− 1 (800–2500 nm), max 
measuring speed is up to 5 spectra/second at 8 cm− 1 resolution, wave-
length accuracy better than 0.1 cm− 1 (0.02 nm at 1250 nm). The spec-
trometer is connected to a PC with a TCP/IP protocol. A dedicated 
software controls the spectrometer for data acquisition, spectra treat-
ment, quantitative analysis and automated cyclic measurement. The 
computer is also connected to the DCS system through an interface card 
so that the predicted water concentration is monitored, and an alarm 
appears on the video in case of OOS (Out Of Standards). The computer 
records every spectra (raw data) therefore reprocessing is always 
possible. The probe positioning is a crucial point for the analysis effec-
tiveness (Ph. Eur., 2014). The main criteria adopted for the correct 
positioning were: 

Fig. 5. Comparison NIR Assay and LC Assay vs Acceptance Criteria.  
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• The solution must be homogeneous and representative of whole 
batch  

• Gas bubble must be absent  
• The analysis must be performed during all along the phases chosen  
• The analysis must be performed at least during the rinsing with 

ethanol after clining in place (CIP), dissolution phase and filling 
phase 

Following the above mentioned criteria, the installation area was 
identified in the loop piping between the pump and the filling machine. 
For that reason, the probe chosen was a flow cell and the installation was 
made directly onto the loop. The flow cell chosen obviously fits the 
intended installation: it is made in stainless steel AISI 316L, it can 
withstand process conditions and it is suitable for cleaning in place. The 
scheme of equipment installation was agreed with the supplier (see 

Fig. 6). 

5.3. Equipment validation 

5.3.1. Calibration model 
NIR methods to be used for quantification require calibration of the 

NIR spectral response against verified reference data or against data 
from ad-hoc calibration samples (EMA, 2014). The NIR quantitative 
method performance depends on the reference method performance. 
The analytical reference method for the water content determination is 
the Karl-Fisher method (Scholz, 1984). 

5.3.2. Method development 
Wavenumber regions have been selected taking into account the 

theoretical group of frequencies involved by water absorbance. Initially 

Fig. 6. Scheme of the NIR in-line installation. 1) Stainless steel flow cell; 2) two spacers in order to select the best optical pathway (2 or 5 mm length); 3) two optic 
fibres (low –OH content) lined with PVC and protected by stainless steel flexible hose, 2 m length; 4) optic fibre connector box, water proof (IP65); 5) two optic fibres 
(low –OH content) lined with PVC, length 30 m 6) FT-NIR instrument; 7) PC for instrument setting and control; the PC is connected with DCS system. 

Fig. 7. Spectra acquired on solution with different concentration of water in ethanol.  
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the adsorption of the following wavenumber ranges was monitored:  

• 5200 cm− 1–5100 cm− 1, –OH bending & –OH stretching  
• 7200 cm− 1–7100 cm− 1, –OH anti symmetrical stretching & –OH 

symmetrical stretching  
• 6900 cm− 1–6700 cm− 1, first overtone  
• 10,200 cm− 1–10,000 cm− 1, second overtone 

The sample chemical composition is very important. Usually the 
variability range is established for every ingredients quantity, not just 
for the intended analyte, in order to include matrix effects in calibration 
and inter-correlations between the analyte variations and the other in-
gredients variations (Ph. Eur., 2014). As suggested by feasibility studies, 
APIs content were not taken into account for the calibration samples set 
composition because the effect on NIR spectra on the bulk solution was 
considered negligible. The presence of glycerol into the solution strongly 
affects spectra results. In fact, spectra acquired from solutions with 
different water/ethanol composition have been compared and the 

biggest difference was noticed only around 5200 cm− 1–5100 cm− 1 

wavenumber area (see Fig. 7), while for solution including also glycerol 
spectra changes on the other wavenumber areas (mainly first overtone) 
become significant (see Fig. 8). 

Looking at Fig. 8, it is easy to recognize that around 5200 
cm− 1–5100 cm− 1 the glycerol contribution to the absorbance value is 
small but not negligible; while around 7200 cm− 1–6500 cm− 1 the water 
contribution is appreciable in combination with glycerol only. The water 
content calibration highest point was fixed at 5000 ppm and the range of 
glycerol content was established following the drug products composi-
tion. For that reasons the final calibration samples set has an even 
(rectangular) distribution across the calibration range. The water con-
tent spans from 0 ppm and 5000 ppm while the glycerol content ranges 
spans from 0 and 10% w/w. Fig. 9 shows sample points used as cali-
bration set, the final one entailed 101 samples; excipients quantity 
added to bulk solution were determined gravimetrically. A lab scale was 
used to accurately weigh the excipients. 

Fig. 8. Detail of spectra acquired on solution with different concentration of water/glycerol in ethanol (are reported only the spectra of specific concentration value).  

Fig. 9. Final calibration samples set distribution.  
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5.3.3. Data collection 
Composition variation was achieved through ad-hoc made small 

scale batches, by the same way other critical parameters potentially 
affecting NIR analysis were identified and their value fixed before 
starting data collection. Small scale batches were manufactured for the 
data collection with defined quantity of ingredients. About 10 Kg of 
anhydrous ethanol was chosen because it is the minimum level ensuring 
the absence of bubbles inside the piping where the NIR probe is posi-
tioned. The small amount of EtOH (10 kg) makes also the homogeni-
sation of the bulk solution quicker after every addition of other 
ingredients (glycerol or water). 

5.3.4. Sample scanning 
Spectra acquisition during the bulk solution recirculation was ob-

tained following a predefined sequence and timing. Every excipients 
addition, water or glycerol, was followed by at least 10 min recirculation 
in order to ensure product homogenisation and an appropriate bulk 
solution temperature control. Then sample scanning started via auto-
mated sequence:  

• Method parameters file: H2O_2.q2  
• Number of scans for each co-averaged spectra: 16  
• Time of scan: 10 s  
• Number of co-averaged spectra acquired: 3  
• Break time between each co-averaged spectra acquisition: 1 min 

Sixteen scans for each co-averaged spectra were sufficient to obtain 
suitable signal to noise level. By the same approach, three co-averaged 
spectra were acquired waiting 1 min between each other. Spectra 
acquisition was done in a well controlled environment, especially for 
temperature working range which was ± 2.0 ◦C and the actual variation 
inside the specified range was negligible. 

5.3.5. Optimisation 
The best calibration model selection is a pivotal step for developing 

the NIR method; it depends on the scientist’s experience and it founds on 
statistical evidence of fitness for purpose (Agelet and Hurburgh, 2010). 
For the optimisation a dedicated software was used. The software 
package is designed for the spectra quantitative analysis consisting of 
bands showing considerable overlap; it allows to determine the con-
centration of one or more component in each sample. For this purpose 
has been used a PLS best calibration model (Martens and Bjørsvik, 
2007). The calibration model development was performed by “internal 
validation” from the chemometric data generated by the software. In 
this case internal validation was the application of re-sampling statistics 
known as “Leave-One-Out Cross-Validation” (Sammut and Webb, 
2011). Spectral data pre-processing was not necessary. In “cross vali-
dation”, one or more sample spectra are removed from the data matrix, 
their corresponding reference values are removed from the reference 
value vector, and a model is built on the remaining samples. The model 
is then used to estimate the value for the samples that were left out. This 

process is repeated until each sample has been left out once. For cross 
validation the characteristic statistic is the Standard Error of Cross 
Validation (SECV) calculated as: 

SECV =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i
(Yci − Xci)

2

n

√
√
√
√
√

where Yc is the reference method value, Xc is the NIR predicted value 
and n is the number of samples used for calibration model. The SECV 
value is useful to compare different calibration methods, the lower the 
SECV value is the better the method in terms of fitness to purpose. The 
best SECV value was obtained working also through selection of fre-
quency regions. Practically once the calibration set spectra have been 
acquired, a certain number of cross validation runs were performed 
changing every time the frequency region considered. Starting from the 
whole spectra (e.g. 12800 cm− 1–4000 cm− 1) the frequency region 
considered on calculation was reduced operating a selection on the 
wavenumber regions interested by adsorption of water. At the end of the 
optimisation process the following wavenumber regions gave the best 
results in terms of SECV value:  

• 5404 cm− 1–4972 cm− 1  

• 7120 cm− 1–6534 cm− 1  

• 10954 cm− 1–9273 cm− 1 

The NIR predicted value plotted vs. the reference method value ob-
tained from optimised calibration method elaborated by the software 
were: Y intercept 0.649, slope 1.000, i.e. very close to the theoretical 
best fit (0 and 1.000 respectively). The SECV value for this calibration 
model is 27.9. 

5.4. Method validation 

Validation of a NIR multivariate model is accomplished by applying 
the model for the analysis on a set of validation samples, and statistically 
comparing the estimates for these samples to known reference values 
(Westad and Marini, 2015; EMA, 2014). 

5.4.1. Validation set 
Samples used for validation were independent from the calibration 

set. The validation sample set was built starting from residual bulk so-
lution of a standard product A. At the end of the filling phase about 10 kg 
of bulk solution were left into the dissolution vessel. The bulk solution 
was manufactured with standard ingredients, so it included every 
chemical components expected to be present during routine analysis. 
The small water quantity added to the bulk solution was determined 
gravimetrically, a lab scale was used to accurately weigh the water. 
Water concentration of the validation samples was uniformly distributed 
in the same range of variation used for the calibration model and a 
validation set of 10 samples was generated, see Table 7. 

The main operational parameters used for validation sample set data 

Table 7 
Results of validation set of samples.  

Spectra 
Sample 

Solution 
Weight (g) 

Water 
Weight (g) 

Added Water 
Weight (g) 

NIR Value (ppm 
water) 

NIR Value 2 
(ppm water) 

NIR Value 3 (ppm 
water) 

Average NIR Value 
(ppm water) 

KF Value (ppm 
water) 

1 10,000 2.599  267 263 264 265 260 
2 9930 7.616 5.017 788 799 803 797 790 
3 9860 12.633 5.017 1340 1337 1328 1335 1327 
4 9790 17.622 4.989 1869 1854 1846 1856 1817 
5 9720 21.987 4.365 2311 2306 2290 2302 2291 
6 9650 26.363 4.376 2727 2736 2751 2738 2731 
7 9580 30.791 4.428 3230 3233 3256 3240 3218 
8 9510 35.173 4.382 3721 3705 3694 3707 3660 
9 9440 39.552 4.379 4141 4130 4097 4123 4134 
10 9370 43.963 4.411 4623 4610 4572 4602 4593  
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acquisition were the same used for the calibration model data collection, 
and thus the same used for standard production. 

5.4.2. Linearity 
The validation set samples analytical results, see Table 7, have been 

plotted as NIR prediction value vs reference method value and the ob-
tained values are: slope 1.0006, Y intercept value 12.806, i.e. both 
values are very close to the theoretical ones (1.000 and 0 respectively). 
The calibration model shows good linearity in the water range 0 ppm to 
5000 ppm. The regression coefficient (R2) is 0.9999 exerting good cor-
relation between the data. 

5.4.3. Accuracy 
Accuracy was studied by determination of the Standard Error of 

Prediction (SEP). SEP is considered a pivotal statistical parameter, 
calculated as: 

SEP =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑n

i
(Yvi − Xvi)

2

n

√
√
√
√
√

where Yv is the reference method value, Xv is the NIR predicted value 
and n is the number samples used for validation. For the validation 
sample set used the SEP value is 21.7; that value is comparable with the 
SECV value (27.9) determined during the calibration model optimisa-
tion. Another evidence of satisfactory performance is the range/SEP 
ratio which should be greater than 10. In this case the ratio is 199 that 
fully satisfy the above mentioned criteria. 

Range/SEP = (4593 − 260)/21.7 = 199  

5.4.4. Specificity 
Differences from normal production that may interfere with the 

water quantification in the calibrated range have been evaluated. 
Possible differences in components quality were not considered because 
all components are the ones qualified for use in standard production 
batches and comply with QC specs in force. On the other hand deviations 
on components quantity may heavily affect the results of NIR method; 
impact analysis is below summarized: 

APIs quantity has a negligible effect on NIR spectra, so their natural 
variability across target value and/or the presence of a minimum 
quantity of their impurities/degradates can be excluded from the cali-
bration model.  

• EtOH quantity variability was considered in the model because the 
effect is the change of water content.  

• Glycerol has a considerable impact on the water quantification; thus 
variability of Glycerol was included in the calibration model.  

• The other two excipients used in the manufacturing process are 
water and HCl: water determination is the NIR quantitative method 
aim, while HCl quantity has a negligible effect. 

• The calibration model can be considered validated towards speci-
ficity for variations of glycerol in the range 0–10% w/w, because its 
variation was just included in the calibration model development. 

5.4.5. Robustness 
Generally, reference methods used to generate primary data for the 

NIR method evaluate samples chemical or physical properties, whereas 
the vibrational characteristics measured by NIR spectral analysis take 
into account both physical and chemical proprieties at the same time. 

Before the calibration model development, each potential process 
interference- chemical or physical properties- that may affect the spec-
tral response have been considered and discussed in details in the 
paragraph above (Blanco et Al., 2008). Operational process parameters 
like as temperature, pressure and solution flow are strictly controlled 
and monitored via a DCS system. Below mentioned instrumental vari-
ations have been also considered in the validation of the robustness:  

• Changing lamp: not a critical issue because each source is pre-aligned 
by the instrument supplier. The replacement of pre-aligned sources 
doesn’t affect the calibration model.  

• Temperature and Humidity: the instrumentation operates in a class D 
environment with temperature and humidity controlled and moni-
tored by an automated system (22.0 ◦C ± 4.0 ◦C and the HR 45% 
±15%). Moreover, the humidity inside the NIR instrument is kept 
under control with a desiccant cartridge. The desiccant materials is 
regenerated when the desiccant material change colour.  

• The probe position is in line, directly into recirculation piping, and 
optical pathway is fixed. 

It is therefore possible to state that the manufacturing process and 
environmental conditions are not source of significant variability that 
might affect the result of NIR analysis. 

6. Case study 4 – NIR method feasibility assessment for a sterile 
process 

6.1. Feasibility assessment 

The case study describes NIR method feasibility test suitable for IPC 
during a sterile manufacturing process. Four (4) sterile blend samples 
supplied by the Production Department and compliant with release 

Fig. 10. Spectra of different blends acquired by NIR instrument.  
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specifications (in terms of APIs content and homogeneity of the blend) 
were used, and their spectra acquired by a NIR probe along with the 
spectrum of a blend prepared in the laboratory so that the ratio between 
the APIs was out of specification (Fig. 10). The laboratory blend was 
tested twice to confirm the result obtained. Table 8 reports the ratios 
between APIs for these 5 blends. 

A spectra correlation analysis was performed in order to show the 
difference between each single spectrum and the average spectrum 
(Fig. 11). Clearly, for the out-of-spec blend the two measurements 
showed a lower correlation than all other samples. 

Although the samples number for this preliminary evaluation was 
not statistically significant, the technique potentialities were clear, even 
with only a small set of reference spectra available. Hence, an assess-
ment on the mandatory requirements for the introduction of the in-
strument in an area of production in asepsis, classified as “ATEX” 
(Directive 2014/34/EU; Directive 1999/92/EC) was performed. Below 
mentioned factors considered:  

• The instrument must be classified as ATEX, wireless, suitable for 
sterilization by an already available technique  

• The battery must be suitable for sterilization  
• The instrument must be suitable for installation on an equipment 

already in use 

Instruments intended for in-process controls which comply to all the 
above requirements are available on the market. 

6.2. Suitability laboratory scale trials 

A NIR PAT instrument provided with chemometric software was 
used for all below mentioned trials and during the preparation of a 
laboratory scale mixture. The target ratio between the APIs in the 
mixture was 10 and the blend homogeneity was ensured by measuring 

both APIs assays at different locations to calculate the RSD% between 
the assays of each API at each location. The specification for RSD% for 
both APIs was NMT 3%. The two APIs were placed into a rigid aluminum 
container, and the mixing was manually performed by rotating it. At the 
end of each turn, a spectrum was acquired and each API showed char-
acteristic peaks. During blending, the peaks related to the API present in 
lower amounts decreased, while the peaks related to the API in higher 
amounts increased and then remained stable. The data analysis was 
performed after acquiring a suitable number of spectra. 

The graph reported in Fig. 11 shows that after a suitable number of 
turns, the spectra do not show any significant differences with each 
other. The lack of differences between subsequent spectra can be 
directly linked to the mixing endpoint. Acceptability criteria were 
arbitrarily chosen during this lab trials (see green points in Fig. 11). 

Mixture compliance to the stated acceptance criteria was tested using 
a validated HPLC method. Four samples were taken from four different 
locations in the container (two at the center, two at the outer edge), and 
the assay for both APIs was measured. Results are shown in Table 9. 

Although results for API 2 (the one present in lower amount) is out of 
specification, the technique is promising and could easily be applied for 
IPC. 

The acceptance criteria established in the lab, while not fully 
adequate, can easily be adjusted once the process is carried in an in-
dustrial equipment, and more points can be sampled to compare the NIR 
and the HPLC results. 

7. Discussion and conclusions 

European Pharmacopoeia Raman monography considers Raman and 
NIR as complementary and highlights basic differences between them, 
as well as it reports main principles for qualitative and quantitative 
analysis (Ph. Eur., 2005). European Pharmacopoeia NIR monography 
describes NIR as a method of analysis both for qualitative and 

Table 8 
Ration between the two APIs composing the sterile blends, as 
measured using a NIR technique. Samples 1–4 supplied by the 
production department. Sample n◦5 laboratory preparation 
purposefully out of the specification range.  

Sample n◦ R (API1/API2 ratio) 
Specification limit: 7.5–8.5 
Target: 8.0 

1 8.0 
2 7.5 
3 8.3 
4 8.3 
5 9.1  

Fig. 11. Correlation between single spectra and the average spectrum. The last two points refer to two tests on the same laboratory blend, prepared on purpose with 
an out-of-spec APIs ratio and, show a low correlation compared to the other four blends. 

Table 9 
Assay of APIs measured whit HPLC.  

Sample 
n◦

R 
(API1/API2 

ratio) 
Specification 
limit: 
Target: 10.0 

RSD% API 1 
Specification limit: 
NMT 3% 

RSD% API 2 
Specification limit: 
NMT 3% 

1 10.1 0.7 5.2 
2 10.9 
3 10.4 
4 11.6  
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quantitative purposes, it details way for obtaining answers by applying 
transmission, diffuse reflection and transflection mode. The quantitative 
analysis chapter describes how to establish a spectral library for building 
the calibration model and mentions statistical techniques commonly 
used in chemometry (Ph. Eur., 2014). The chemometric matter has been 
comprehensively discussed by the recent European Pharmacopoeia 
annex, although as a technique it mentions only NIR and there is not any 
explicit reference to Raman, the general scope of the annex is chemo-
metry therefore it applies by principle also to Raman. The Annex ac-
knowledges the chemometry importance for R&D, quality control and 
manufacturing and explicitly refers to PAT, NIR, QbD as techniques and 
approaches enhancing process monitoring and quality control. The 
guideline depicts how validation principles reported on international 
guidelines apply on the validation both for qualitative and quantitative 
models. Then it contains an exhaustive theoretical description of main 
statistical tools, including explanation on how to structure a chemo-
metric model development basing on available data (Ph. Eur., 2016). 
Theoretically we should not talk about innovation having the above 
mentioned Pharmacopeia chapters describing Raman, NIR and Chemo-
metry, but in practice at an industrial level there is a GAP for enhancing 
the fast transfer in practice of such methodologies. 

A part from economic considerations and regulatory approval 
timeline, which depends case by case and cannot be summarized, Au-
thors mention that practical challenges come from etherogeneous fac-
tors. First of all it is fundamental gather a multisciplinary team 
encompassing pharmaceutical technology, manufacturing process and 
analytical methods experts: differently from chemical analysis (i.e. 
HPLC) where the analytical side is usually the most involved, spectro-
scopic methods analyse the final drug product and therefore there are 
not only just intrinsic analytical considerations but the whole product 
and process should be taken in to account. There is the need to spread 
Solid State Chemistry Competence in Industrial and Academia phar-
maceutical environment, both are usually focused on chemical analysis 
more than spectrophotometry, and the need to leverage the use of sta-
tistical tools. 

There is the need to cooperate with equipment manufacturers for 
integrating new devices on old equipment, granting operations quality, 
safety and compliance with relevant regulations; this is particularly 
complex for sterile manufacturing where also minor changes to equip-
ment might lead to long regulatory approvals. Moreover, it is necessary 
to maintain the method, which means the periodic method maintenance 
and all qualification/calibrtation activities on new devices. The coop-
eration between Academia and Industry for high level university degree 
is well established but needs to be furthermore supported (Il Sole24Ore, 
edizione del 14 Luglio 2020, pag.27, Speciale CHIMICA - Realtà Eccel-
lenti). The cooperation between Academia and the Pharmaceutical 
Manufacturing field is a recognized factor of competitiveness enhancing 
development of new therapies, an example of collaboration and co 
opetition between pharmaceutical industry Academia and Government 
is taking place in Scotland with the aim to support innovation by the 
construction of Centre dedicated to Manufacturing Innovation. The 
focus on manufacturing and small molecules demonstrates that also 
legacy products, usually small molecules, need and might benefit from 
applied research and innovation. Academia should look also at the 
regulatory environment for individuating research areas to be explored, 
for supporting industry in the technology transfer of innovation. Then, 
needs and opportunities should be addressed to any suitable initiative 
for supporting innovation, enhancing the dialog between Industry and 
Regulators (FDA, 2017). Although EMA and FDA promotes PAT and 
RTRT by means of several initiatives, and a lot of research has been done 
for PAT in order to improve the process knowledge, there are few papers 
dealing with PAT analytical techniques applied for controlling the drug 
properties in line (Nagy et Al, 2017). Meanwhile the regulatory land-
scape and the support to innovation are established, as well as Academia 
research, there is a gap slowing down the cycle. Nowadays Pharma-
ceutical Manufacturing is exposed to continuous changes and there is a 

huge effort for translating in practice new regulatory requirements 
throughout the implementation of new technologies. That effort is made 
on a daily basis at the pharmaceutical Production Departments shop 
floor, that activity should be considered as R&D: it is the gap to be filled. 
Without acknowledgement and support to Pharmaceutical 
Manufacturing as R&D step, there is low evidence of how much is crit-
ical that step for delivering therapies to the patient, there are less 
chances to transfer innovation from Academia to Industry, but above all 
there is less opportunity to exchange with the Academia the real need of 
the Industrial sector (Fig. 12). 

CRediT authorship contribution statement 

Michele Panzitta: Conceptualization, Methodology, Investigation, 
Writing - original draft, Writing - review & editing, Visualization, Su-
pervision, Project administration. Niccolò Calamassi: Conceptualiza-
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