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Preliminary QIG Considerations regarding Pharmaceutical 5 

Process Models  6 

Background 7 

This Quality Innovation Group (QIG) document follows on from the first QIG Listen & Learn Focus 8 
Group (LLFG) on Continuous manufacturing and the second QIG LLFG on Digital novel technologies, 9 
held on 13 March 2023 and 12-13 October 2023 respectively. These highlighted the need for more 10 
specific regulatory guidance on process models (hereafter called models).  11 

It is recognised that regulatory expectations for process models in pharmaceutical manufacturing are 12 
evolving; the intent of this document is to share QIG’s current thinking with stakeholders and seek 13 
their comments. 14 

Introduction  15 

Pharmaceutical process control consists of a series of measurements and actions within a process (or 16 
system), designed to ensure that the desired quality of the output material is maintained over the 17 
intended duration of process operation and over the lifecycle of a product. This includes measurements 18 
and actions such as end point determinations, feed-forward/feed-back controls, statistical process 19 
controls, and process monitoring. 20 

Over the last few years, there has been an acceleration in the advancements for process control and 21 
automation including sensor technology, data analytics and system modelling. The combination of 22 
these innovative approaches creates a significant opportunity to enhance measurement and control of 23 
process variables and output material attributes. This, in turn, supports adoption of advanced process 24 
control strategies, continuous process verification, real-time process monitoring and optimisation, and 25 
automated or even autonomous operation and management of manufacturing processes. Process 26 
models play an increasingly important role in process design and validation, in control strategies and 27 
during manufacturing process lifecycle. The expected outcome from the use of process models is 28 
enhanced process understanding, (multivariate) monitoring and control, robustness, performance and 29 
adaptability. 30 

A model (in the context of pharmaceutical manufacturing) is a mathematical representation of a 31 
physical or biological process or system. The model relates one or more input parameters to one or 32 
more output parameters or properties relevant to the efficiency of the process and/or quality of the 33 
material(s) being transformed by the system.  34 

https://ec.europa.eu/eusurvey/runner/84f5a565-b1dd-7873-56cf-837a5b18a2f2
https://ec.europa.eu/eusurvey/home/support
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There are three main types of models:   35 

1. Mechanistic models (e.g., kinetic models, computational fluid dynamics, fundamental population 36 
balances, modelling for chemical reactors),  37 

2. Empirical models (e.g., multivariate models used for Statistical Process Control, regression models 38 
derived from data collected from Design of Experiments), and   39 

3. Hybrid or semi-empirical models (e.g., hybrid digital twins).  40 

Models can be utilised for different purposes, for example for process development, process 41 
monitoring, or as soft sensors (i.e., software-based models that predict (quality) properties/ attributes 42 
based on process data, and thus the properties/attributes in question are not directly measured but 43 
are inferred from process data).  44 

Scope 45 

This document addresses preliminary considerations (general principles) for process models, reflecting 46 
the use of performance-based approaches in pharmaceutical manufacturing processes. 47 

The scope of this document is limited to process models such as first-principle models, regression 48 
models, system models, multivariate statistical process control models, and Machine Learning models 49 
(ML). 50 

With the advent of Artificial Intelligence (AI), it is expected that there will be increased use of complex 51 
models, such as ML models for manufacturing process monitoring and control. Although the present 52 
document does not focus on AI models in particular, the principles which are introduced hereafter may 53 
also apply to AI. Applicants developing AI models are strongly encouraged to initiate dialogue with 54 
regulatory authorities as early as possible to discuss their developments (e.g., EMA QIG meetings1, 55 
CHMP scientific advice requests2).  56 

Q1. How should the risk to product quality be considered 57 

when determining what data is to be included in the dossier 58 

in terms of model justification?  59 

In line with the ICH Q8/Q9/Q10 Points to consider document3, the intended use of a model, as well as 60 
its function in the control strategy and in any decision-making process(es) should be defined a priori.  61 

Models can have different uses, i.e.: 62 

• Model used to support process development, 63 

• Model used in the control strategy in addition to other related measurements,  64 

• Model used in the control strategy without additional related measurements. 65 

For example, a model can be used as a descriptive analytical tool to simulate the process leveraging in 66 
silico experimentation, as a predictive tool to monitor the process based on actual process data, or as a 67 
prescriptive tool to take control actions on the process to adjust it in real-time. 68 

The role of the model in the control strategy together with the frequency of any additional monitoring, 69 
the model’s performance, and the potential consequence of an incorrect decision, determine the model 70 

 
1 https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp/quality-innovation-group 
2 Scientific advice and protocol assistance | European Medicines Agency (europa.eu) 
3 ICH Quality Implementation Working Group: points to consider for ICH Q8/Q9/Q10 guidelines - Scientific guideline | European 
Medicines Agency (europa.eu) 

https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp/quality-innovation-group
https://www.ema.europa.eu/en/human-regulatory/research-development/scientific-advice-protocol-assistance
https://www.ema.europa.eu/en/ich-quality-implementation-working-group-points-consider-ich-q8-q9-q10-guidelines-scientific
https://www.ema.europa.eu/en/ich-quality-implementation-working-group-points-consider-ich-q8-q9-q10-guidelines-scientific
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risk. Additionally, the criticality of the manufacturing operation(s) in which the model is implicated, the 71 
manufacturing mode (e.g., continuous versus batch mode), the intrinsic risk of the medicine (e.g., 72 
therapeutic index, pharmaceutical form) and the criticality of its attributes for the safe and effective 73 
use of the medicine, should be taken into consideration when evaluating model risk.  74 

The risk assessment should consider each model in isolation, and once this has been done, consider its 75 
use in conjunction with the other elements of the control strategy (including other process models); 76 
this should include assessment of any inter-relationships.  77 

Ultimately it is the model risk together with the applicant’s understanding of the model with respect to 78 
its intended use, the implementation (including lifecycle management) strategy, and the performance 79 
criteria that capture all the critical aspects of the model, which determine the level of data to be 80 
included in the dossier and the degree of regulatory oversight. 81 

The evaluation of model risk, including risks of failure of the model or risks arising from its incorrect 82 
use, and their consequence(s) on the overall medicinal product benefit/risk balance, should be 83 
discussed in the dossier. This evaluation should consider both the contribution of the model to a 84 
decision relative to other available evidence, and the decision consequence (i.e., the model’s impact on 85 
product quality). 86 

The evaluation of the risk associated with implementation of a process model is the basis for any 87 
justification for inclusion of model related information in the dossier (e.g., model description, 88 
justification, validation data).  89 

To note, the same process model can be used in the primary control strategy, in a secondary role, or 90 
only to facilitate development, and hence, the risk associated with the use of the model can vary 91 
accordingly.  92 

Q2. What data is expected in the dossier in terms of model 93 

description and scope?  94 

The level of detail regarding the model development and its description in the regulatory submission is 95 
dependent on the intended use of the model, its role in the control strategy, and the risk to material 96 
quality. This forms the basis for defining the degree of justification, and the extent of description, in an 97 
application. Requirements are defined as a function of the model risk (see Table 1 in question Q3). 98 

Model description 99 

For all model types and in all cases, documentation should describe the model and the intended use of 100 
the model within the overall control strategy, as well as justification for the model risk (i.e., risk 101 
assessment).  102 

Additional information that should be provided depends on the intended use/risk category: 103 

• For low-risk models, provision of a high-level description and discussion regarding model use is 104 
sufficient. 105 

• For medium-risk models, a detailed description and discussion regarding their intended use should 106 
be provided. This should include a justification for the choice of model and the type of data used in 107 
its development, e.g., data from commercial scale batches of finished product manufactured 108 
according to pre-defined process conditions. The focus should be on providing an outline of model 109 
development and intended use, rather than model-specific details. For mechanistic models, 110 
reference to literature sources may be acceptable - in this case, relevance of the source to the 111 
model, its intended use and risk category should be justified. Complex datasets need not be 112 
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submitted. A scientifically sound justification of the overall applicant’s approach/strategy should 113 
also be provided. 114 

• For high-risk models, in addition to the above, a summary of performance metrics and model 115 
validity domain, i.e., the range of conditions where the model performance has been demonstrated 116 
to meet the criteria for its intended use. 117 

Model scope 118 

The model scope is a set of information described in the dossier, and it is important in the 119 
management of future changes to the model. In general, changes within the scope of the model would 120 
be subject to GMP only. Changes outside of the approved model scope are subject to variation 121 
application.  122 

Depending on its intended use, established risk to product quality and model risk, the scope will 123 
include different levels of detail and relevant model description elements: 124 

• For low-risk models, no additional information beyond that defined in the model description and 125 
model use described above is required. 126 

• For medium- and high-risk models, the scope should be defined in the regulatory submission. A 127 
typical model scope should include, for example: 128 

− the intended use within the control strategy's context,  129 

− the type of model,  130 

− the acceptance criteria for relevant performance metrics (e.g., prediction accuracy, model 131 
uncertainty),  132 

− the model validity domain, and 133 

− where a reference method is used, this should be described and be appropriately validated.  134 

Details of what to include in the scope should be justified by the evaluation of risk, refer to question 135 
Q1. 136 

Q3. What data is expected to be included in the dossier in 137 

terms of model validation? 138 

The goal of model validation is to establish the degree to which a model is an accurate representation 139 
of a process and can predict the property(ies) or material quality attribute(s) of interest. Model 140 
validation includes the process of determining the suitability of a model for the intended use by 141 
challenging it with independent test data and comparing the results against pre-determined 142 
performance criteria (ICH Q2), for example the model’s prediction accuracy. It also implies evaluating 143 
the modelling error, or uncertainty. 144 

As stated under question Q1, the demonstration of model performance (i.e., its predictive capability), 145 
and the information to be presented in the dossier, should be commensurate with the risk to product 146 
quality associated with the role of the model in the overall control strategy. Validation activities are 147 
expected to be designed to give confidence in the model for its intended use. 148 

Some illustrative examples are presented in Table 1 below. The exact dossier requirements will vary on 149 
a case-by-case basis.  150 
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Of note, these are just examples. Based on justifications these types of applications could fall under 151 
other categories. 152 

Table 1.  Illustrative examples of low, medium and high-risk models, dossier location and 153 
requirements.  154 

Risk Example Dossier location Dossier requirements 
(see also question Q2) 

Low Process development, e.g. used to 
develop process understanding. 

Process optimisation (w/o change 
to registered process details). 

Mechanistic model used to speed 
up bioprocess scale-up/down. 

Digital Twin in shadow mode. 

Support batch release decisions 
based on QA predictions. 

Dossier sections 
S.2.6/P.2.3 and 
S.2/P.3, as appropriate. 

High level description of 
the model intent, type of 
model and how it is used. 

Manufacturing process 
validation data as 
described in the process 
validation guidelines.4,5 

Medium Process design (change to unit 
operation principle or setting of in-
process control limits).  

RTD model in combination with in-
line NIR process control. 

Support batch release decisions 
based on CQA predictions but used 
in combination with PAT and 
release testing. 

Dossier sections 
S.2.6/P.2.3 and 
S.2/P.3, as 
appropriate.  

Detailed description of the 
model intent, type of 
model, how model is used 
and model operation, 
model assumptions, type 
of data used and model 
validation summary. 

Manufacturing process 
validation data as 
described in the process 
validation guidelines.4,5 

High  RTD model w/o other related in-
process measurement. 

Real-time release testing (reduced 
release testing).  

Dossier sections 
S.2.6/P.2.3, S.2/P.3 
and S.4/P.5, as 
appropriate.  

 

As for medium risk above, 
plus model validation 
report (training/ 
validation/ test datasets, 
prediction metrics 
acceptance criteria, model 
validity space, etc.). 

 
QA: Quality Attribute; CQA: Critical Quality Attribute; RTD: Residence Time Distribution; NIR: Near 155 
infrared 156 

 157 
 158 

Low-risk: Models that are used for process development and optimisation (process understanding) are 159 
considered supportive information and thus low risk. No model validation data are requested for these 160 
models in the dossier, and it is assumed that a suitable lifecycle approach (e.g., as per ICH Q14) is 161 
adopted by the applicant. 162 

 
4 Process validation for finished products – information and data to be provided in regulatory submissions 
(EMA/CHMP/CVMP/QWP/BWP/70278/2012-Rev1,Corr.1) 
5 Process validation for the manufacture of biotechnology-derived active substances and data to be provided in the regulatory 
submission (EMA/CHMP/BWP/187338/2014) 
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Some models may have a dual purpose e.g., used for process development and used as part of the 163 
control strategy e.g., to set control limits. Models which influence the process control design in that 164 
manner and are used to support batch release decisions predicting QA(s) (e.g., granulation endpoint) 165 
are usually medium risk. They may in certain cases be considered low risk if suitably justified 166 
considering the overall control strategy and based on the holistic evaluation of risk as described in 167 
question Q1.  168 

Medium-risk: Where a process model predicts a CQA (e.g., blend uniformity) and is used in 169 
conjunction with Process Analytical Technology (PAT) and traditional final release testing (e.g., 170 
Uniformity of Dosage Units by content uniformity controlled at release), it is considered medium risk. 171 
In this case, a summary of model validation activities should be provided in the dossier, confirming 172 
that the model has been sufficiently validated for its intended use, thus showing its adequacy. 173 

High-risk: Where a process model is used to support real-time release testing (RTRT) or is the main 174 
quality determinant although there is no RTRT, the model is considered high risk. Data required in the 175 
dossier includes training, validation (internal) and test (external validation) datasets to support 176 
appropriate coverage of the validity domain. The number of independent batches that were used, the 177 
number of samples per batch, and evidence that datasets are representative of the expected process 178 
variability in routine production, should be presented and discussed. The type, amount and the scale of 179 
the data used to develop, optimise and test the model should be justified.   180 

The focus of the model validation should be the model performance e.g., prediction accuracy and 181 
model sensitivity. Model uncertainty should be determined and presented, considering the major 182 
sources of uncertainty (epistemic/or computational and aleatory/or experimental) e.g., by using 183 
tolerance intervals for the prediction. The choice of the performance metrics should be 184 
comprehensively justified by the applicant. The rationale for setting the corresponding acceptance 185 
criteria should be provided. Comparison of the model predictions with the reference test (or any other 186 
justified comparator) should be conducted, and an appropriate level of agreement between 187 
properties/attributes of interest and associated errors should be demonstrated. The number of outputs 188 
compared, and the tested conditions should be justified and discussed. Where relevant model edge of 189 
failure should be addressed as well, considering the ranges the model is applied at, and the robustness 190 
of the process. The spectrum of disturbance scenarios implemented to challenge the model (e.g., 191 
through in silico simulations) should be justified. 192 

Generally, data mathematical treatment and algorithms are not expected to be submitted. The code 193 
and calculation verification can be kept on site as these activities are considered manageable under 194 
GMP. 195 

The suggested requirements, or lack thereof, should be viewed as general considerations since each 196 
model needs to be evaluated case-by-case based on the specifics of its intended use.  197 

Whatever the model category, model adequacy should be supported by manufacturing process 198 
validation data at an appropriate (justified) scale, to show that the process is in a state of control. 199 
Process validation (as described in the process validation guidelines) has an overarching role to ensure 200 
that the process consistently delivers material of the intended quality. 201 

If a model has been developed using laboratory or pilot scale data, the validity of the model at 202 
commercial scale becomes a key issue for high-risk models, and on a case-by-case basis for medium 203 
risk models (depending on the role in the overall control strategy, the additional controls in place, the 204 
criticality of attribute, etc.). Discussion and justification on the proposed approach to demonstrate its 205 
validity across different production outputs/scales, based on model risk, are expected in the regulatory 206 
submission. This can be addressed by demonstrating scale independence and/or model validation at 207 
commercial scale. Depending on the model risk, a model verification protocol may be requested, 208 
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including the model performance metrics and the manufacturing process IPC and CQAs that should be 209 
followed, the respective acceptance criteria, the number of additional data (independent) that would be 210 
used, and the monitoring period (parallel testing). 211 

In line with a risk-based approach, the more a model impacts the design and scope of a process 212 
control strategy, the greater the extent of expected validation activities. The granularity and the level 213 
of scrutiny in each of the validation activities should be adapted to the intended use. It is 214 
acknowledged that all the above-mentioned validation data might not be available at the time of 215 
submission, and demonstration of model performance will also occur during the product lifecycle 216 
(model maturity). By analogy with continuous process verification (ref. EMA Guideline on process 217 
validation for finished products - information and data to be provided in regulatory submissions4), 218 
continuous model verification should be adopted in this case. This refers to additional validation 219 
activities to be conducted post-approval based on an approved continuous model verification protocol. 220 
Simulation outcomes obtained during the initial validation activities should be verified with routine use 221 
of the model. In any case sufficient evidence should be available at the time of submission to support 222 
the model’s qualification for its intended use (adequacy assessment). Relevance of the collected 223 
validation results in this respect, should be assessed (i.e. applicability of the validation activities to the 224 
intended use). 225 

Q4. What data is expected in the dossier in terms of process 226 

model lifecycle?  227 

The validity of a model should be assured through its lifecycle, from development to external 228 
validation, implementation and routine production (lifecycle maintenance). It is important to check that 229 
the original assumptions, the conditions for model’s applicability, etc., remain valid over the model’s 230 
lifecycle. To that purpose, models need to be reviewed periodically, and retrospectively, to confirm the 231 
consistency and adequacy of manufacturing in view of natural process variation.  232 

For medium and high-risk models, a model maintenance protocol describing the periodic review should 233 
be submitted in the regulatory submission as part of the Regional Section 3.2.R of Module 3. For low-234 
risk models, maintenance plans are not required in the dossier. The protocol should describe how the 235 
potential changes to the model that may occur during its lifecycle will be handled post-approval. The 236 
protocol should include: 237 

• A categorisation of foreseen model updates and the respective criticality analysis, including a 238 
discussion on the consequence of a change and how it will be managed (set the conditions for 239 
changes that can be managed within the PQS or require submission of a variation).  240 

• The mechanisms by which the performance of the model is monitored and the criteria under which 241 
model update occurs should be defined as well (e.g. model type/principle, update model every 10 242 
operating hours, after an alarm or OOS, etc.).  243 

• As for model validation at the time of submission, the focus for model lifecycle should be on model 244 
performance. Therefore, the list of performance metrics and acceptance criteria to be followed and 245 
checked when a model change occurs (e.g., accuracy, control charts on residuals, etc.), should 246 
also be included in the protocol. In case an acceptance criterion is not met, the procedure 247 
explaining how this is handled should be described.  248 

The extent of model maintenance activities described in the protocol should be commensurate with the 249 
type of model and the model risk.  250 

Notification and regulatory action will be required in case of deviation from the approved protocol.  251 
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