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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.
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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely 
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent 
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent 
rights identified during the development of the document will be in the Introduction and/or on the ISO list of 
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO’s adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 276, Biotechnology.

A list of all parts in the ISO 9491 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The capacity to generate data in life sciences and health research has greatly increased in the last decade. 
In combination with patient/personal-derived data, such as electronic health records, patient registries and 
databases, as well as lifestyle information, this big data holds an immense potential for clinical applications, 
especially for computer-based models with predictive capacities in personalized medicine. However, and 
despite the ever-progressing technological advances in producing data, the exploitation of big data to 
generate new knowledge for medical benefits, while guaranteeing data privacy and security, is lacking 
behind its full potential. A reason for this obstacle is the inherent heterogeneity of big data and the lack 
of broadly accepted standards allowing interoperable integration of heterogeneous health data to perform 
analysis and interpretation for predictive modelling approaches in health research, such as personalized 
medicine.

Common standards lead to a mutual understanding and improve information exchange within and across 
research communities and are indispensable for collaborative work. In order to setup computer models in 
personalized medicine, data integration from heterogeneous and different sources at different times plays a 
key role. Consistent documentation of data, models and simulation results based on basic guiding principles 
for data management practices, such as FAIR (findable, accessible, interoperable, reusable)[6] or ALCOA 
(attributable, legible, contemporaneous, original, accurate), and standards can ensure that the data and 
the corresponding metadata (data describing the data and its context), as well as the models, methods and 
visualizations, are of reliable high quality.

Hence, standards for biomedical and clinical data, simulation models and data exchange are a prerequisite 
for reliable integration of health-related data.[7] Such standards, together with harmonized ways to describe 
their metadata, ensure the interoperability of tools used for data integration and modelling, as well as the 
reproducibility of the simulation results. In this sense, modelling standards are agreed ways of consistently 
structuring, describing, and associating models and data, their respective parts and their graphical 
visualization, as well as the information about applied methods and the outcome of model simulations. Such 
standards also assist in describing how constituent parts interact, or are linked together, and how they are 
embedded in their physiological context.

Major challenges in the field of personalized medicine are to:

a)	 harmonize the standardization efforts that refer to different data types, approaches and technologies;

b)	 make the standards interoperable, so that the data can be compared and integrated into models.

An overall goal is to FAIRify data and processes in order to improve data integration and reuse. An additional 
challenge is to ensure a legal and ethical framework enabling interoperability.

This document presents computational modelling requirements and recommendations for research in 
the field of personalized medicine, especially with focus on collaborative research, such that health-
related data can be optimally used for translational research and personalized medicine worldwide. 
The recommendations are primarily oriented towards the application of computational modelling in 
the biotechnology domain (e.g. biomolecular and cellular research, as well as in clinical trials and drug 
development), but also can be applied in other fields of personalized medicine research.
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DRAFT International Standard ISO/DIS 9491-1:2025(en)

Biotechnology — Predictive computational models in 
personalized medicine research —

Part 1: 
Constructing, verifying and validating models

1	 Scope

This document specifies requirements and recommendations for the design, development and 
implementation of predictive computational models for research purposes in the field of personalized 
medicine and health product development. It addresses the set-up, formatting, validation, simulation, storing 
and sharing of computational models used for personalized medicine. Requirements and recommendations 
for data used to construct or required for validating such models are also addressed. This includes rules for 
formatting, descriptions, annotations, interoperability, integration, access and provenance of such data.

This document does not apply to computational models used for standard routine clinical, diagnostic or 
therapeutic purposes.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

ISO 20691:2022, Biotechnology — Requirements for data formatting and description in the life sciences

ISO/TS 23494-1:2023, Biotechnology — Provenance information model for biological material and data — Part 
1: Design concepts and general requirements

3	 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​

3.1
artificial intelligence
AI
<system> capability to acquire, process, create and apply knowledge, held in the form of a model, to conduct 
one or more given tasks

[SOURCE: ISO/IEC TR 24030:2021, 3.1]
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3.2
molecular biomarker
biomarker
molecular marker
detectable and/or quantifiable molecule or group of molecules used to indicate a biological condition, state, 
identity or characteristic or an organism

EXAMPLE	 Nucleic acid sequences, proteins, small molecules such as metabolites, other molecules such as lipids 
and polysaccharides.

[SOURCE: ISO 16577:2022, 3.4.28]

3.3
big data in health
high volume, high diversity biological, clinical, environmental, and lifestyle information collected from single 
individuals to large cohorts, in relation to their health and wellness status, at one or several time points

[SOURCE: Reference [8]]

3.4
community standard
standard that reflects the results of a standardization effort from a specific user group, and that is created 
by individual organizations or communities

3.5
computational model
in silico model
description of a biological system in a mathematical expression and/or graphical form that is implemented 
and studied with a computer highlighting objects and their interactions

Note 1 to entry: An object distributed processing (ODP) concept.

Note  2  to entry:  The computational model is similar to OMT ad UML notion of a class diagram when using the 
graphical form.

[SOURCE: ISO/IEC  16500-8:1999, 3.6, modified — Admitted term added. “biological”, “mathematical 
expression and/or”, “that is implemented and studied with a computer” added, “interfaces” changed to 
“interactions” and “as such it is similar to the OMT and UML notion of a class Diagram” deleted from the 
definition. “An object distributed processing (ODP) concept” moved to Note 1 to entry. Note 2 to entry added.]

3.6
data-driven model
model developed through the use of data derived from tests or from the output of investigated process or 
from real world data or routinely acquired primary care data

[SOURCE: ISO 15746-1:2015, 2.4, modified — “or from real world data or routinely acquired primary care 
data” added]

3.7
data harmonization
technical process of bringing together different data types to make them processable in the same 
computational framework

3.8
data integration
systematic combining of data from different independent and potentially heterogeneous sources, to create a 
more compatible, unified view of these data for research purpose

[SOURCE: ISO 5127:2017, 3.1.11.24]

2
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3.9
genome-wide association studies
GWAS
testing of genetic variants across the genomes of many individuals to identify genotype–phenotype 
associations

3.10
in silico clinical trial
use of individualized computer simulation in the development or regulatory evaluation of a medicinal 
product, medical device or medical intervention

[SOURCE: Reference [9]]

3.11
in silico approach
computer-executable analyses of mathematical model(s) (3.13) to study and simulate a biological system

3.12
machine learning
ML
computer technology with the ability to automatically learn and improve from experience without being 
explicitly programmed

EXAMPLE	 Speech recognition, predictive text, spam detection, artificial intelligence.

[SOURCE: ISO 20252:2019, 3.52, modified — Abbreviated term “ML” added.]

3.13
mathematical model
sets of equations that describes the behaviour of a physical system

[SOURCE: ISO 16730-1:2015, 3.11]

3.14
mechanism-based
approach in computational modelling that aims for a structural representation

3.15
model validation
comparison between the output of the calibrated model and the measured data, independent of the data set 
used for calibration

[SOURCE: ISO 14837-1:2005, 3.7]

3.16
model verification
confirmation that the mathematical elements of the model behave as intended

[SOURCE: ISO 14837-1:2005, 3.8]

3.17
personalized medicine
precision medicine
medical model using characterization of individuals’ phenotypes and genotypes for tailoring the right 
therapeutic strategy for the right person at the right time, and/or to determine the predisposition to disease 
and/or to deliver timely and targeted prevention

Note 1 to entry: Examples for individuals’ phenotypes and genotypes are molecular profiling, medical imaging and 
lifestyle data.

Note 2  to entry: Medical decisions, prevention strategies and therapies in personalized medicine are based on this 
individuality.
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[SOURCE: EU 2015/C 421/03[10]]

3.18
phenotype
set of observable characteristics of an organism resulting from the interaction of its genotype with the 
environment

[SOURCE: ISO 4454:2022, 3.14, Note 1 deleted]

3.19
raw data
data in its originally acquired, direct form from its source before subsequent processing

[SOURCE: ISO 5127:2017, 3.1.10.04]

4	 Principles

4.1	 General

Research in the field of personalized medicine is highly dependent on the exchange of data from different 
sources, as well as harmonized integrative analysis of large-scale personalized medicine data (big data in 
health). Computational modelling approaches play a key role for understanding, simulating and predicting 
the molecular processes and pathways that characterize human biology. Modelling approaches in biomedical 
research also lead to a more profound understanding of the mechanisms and factors that drive disease, 
and consequently allow for adapting personalized treatment strategies that are guided by central clinical 
questions. Patients can greatly benefit from this development in research that equips personalized medicine 
with predictive capabilities to simulate in silico clinically relevant questions, such as the effect of therapies, 
the response to drug treatments or the progression of disease.

4.2	 Computational models in personalized medicine

4.2.1	 General

Computational models have the potential to translate in vitro, non-clinical and clinical results (and their 
related uncertainty) into descriptive or predictive expressions. The added value of such models in medicine 
and pharmacology has increasingly been recognized by the scientific community[11][12][13][14], as well as by 
regulatory bodies such as the European Medicines Agency (e.g. EMA guideline on PBPK reporting[15]), or 
the US Food and Drug Administration (FDA)[16][17]. Computational models are integrated in different fields 
in medicine as well as in the development of drugs and other health products, expanding from disease 
modelling, molecular and physiological biomarker research to assessment of drug and medical device efficacy 
and safety. In silico approaches are also expanding in neighbouring fields, such as pharmacoeconomics[18]
[19], analytical chemistry[20][21] and biology that are out of scope of this document[22][23].

Model creation starts with a clinical question and the collection of data (see Figure 1). The data employed 
need harmonized approaches for data integration to start the model construction. The initial model usually 
undergoes several refinement and improvement iterations to enhance predictive capabilities. Common 
standards (see 4.3.3) should be used for the model building and curation process. Accuracy measurements 
and validation processes are key, and should be transparent, while model output and function should ideally 
be interpretable or explainable.

A number of computational modelling approaches in pre-clinical and clinical research already address 
these questions in detail (see 4.2.2 to 4.2.6) and, therefore, play a leading role for the future development of 
personalized medicine.
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