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Abstract
[bookmark: _Hlk156572513]Study question: Would the different regulatory approaches for preimplantation genetic testing (PGT) in Europe permit the implementation of preimplantation genetic testing using polygenic risk scores (PGT-P)?
[bookmark: _Hlk156219392]Summary answer: While the regulatory approaches for PGT differ between countries, the space provided for potential implementation of PGT-P seems limited in all three regulatory models.
[bookmark: _Hlk156219577]What is known already: PGT is a reproductive genetic technology that allows the testing for hereditary genetic disorders and chromosome abnormalities in embryos before implantation. Throughout its history, PGT has largely been regarded as an ethically sensitive technology. For example, ethical questions have been raised regarding the use of PGT for adult-onset conditions, non-medical sex selection, and human leukocyte antigen (HLA) typing for the benefit of existing siblings. Countries in which PGT is offered each have their own approach of regulating the clinical application of PGT, and a clear overview of legal and practical regulation of PGT in Europe is lacking. An emerging development within the field of PGT, namely PGT using polygenic risk scores (PGT-P), is currently bringing new ethical tensions to the forefront. It is unclear whether PGT-P may be applied within the current regulatory frameworks in Europe. Therefore, it is important to investigate current regulatory frameworks in Europe and determine whether PGT-P fits within these frameworks.
[bookmark: _Hlk156219104]Study design, size, duration: The aim of this study was to provide an overview of the legal and practical regulation of the use of PGT in seven selected European countries (Belgium, France, Germany, Italy, the Netherlands, Spain and the United Kingdom) and critically analyse the different approaches with regards to regulatory possibilities for PGT-P. Between July and September 2023, we performed a thorough and extensive search of websites of governments and governmental agencies, websites of scientific and professional organisations, and academic articles in which laws and regulations are described.
[bookmark: _Hlk156221604]Participants/materials, setting, methods: We investigated the legal and regulatory aspects of PGT by analysing legal documents, regulatory frameworks, scientific articles, and guidelines from scientific organizations and regulatory bodies to gather relevant information about each included country. The main sources of information were national laws relating to PGT.
[bookmark: _Hlk156222513]Main results and the role of chance: We divided the PGT regulation approaches into three models. The regulation of PGT differs per country, with some countries requiring central approval of PGT for each new indication (the medical indication model: the United Kingdom, the Netherlands), other countries evaluating each individual PGT request at the local level (the individual requests model: France, Germany), and countries largely leaving decision-making about clinical application of PGT to healthcare professionals (the clinical assessment model: Belgium, Italy, Spain). In the countries surveyed that use the medical indication model and the individual requests model, current legal frameworks and PGT criteria seem to exclude PGT-P. Even in countries using the clinical assessment model, the fact that healthcare professionals and scientific organizations in Europe are generally negative about implementation of PGT-P due to scientific and socio-ethical concerns, implies that, even if it were legally possible, the chance that PGT-P would be offered in the near future might be low.
[bookmark: _Hlk158652664][bookmark: _Hlk156221659]Limitations, reasons for caution: The results are based on our interpretation of publicly available written information and documents, therefore not all potential discrepancies between law and practice might have been identified. In addition, our analysis focuses on seven – and not all – European countries. However, since these countries are relevant players within PGT in Europe and since they have distinct PGT regulations, the insights gathered give relevant insights into diverse ways of PGT regulation.
[bookmark: _Hlk156222077]Wider implications of the findings: To the best of our knowledge, this is the first paper that provides a thorough overview of the legal and practical regulation of PGT in Europe. Our analysis of how PGT-P fits within current regulation models provides guidance for healthcare professionals and policymakers in navigating the possible future implementation of PGT-P within Europe.
Study funding/competing interests: This project has received funding from the European Union’s Horizon 2020 research and innovation program under the Marie Skłodowska-Curie grant agreement No 813707. The authors declare no conflict of interest.
Trial registration number: Not applicable.
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Introduction
Preimplantation genetic testing (PGT) is a reproductive genetic technology that allows the testing or screening of embryos for hereditary genetic disorders and chromosome abnormalities. PGT is mostly used by prospective parents who want to avoid passing on a genetic condition to their offspring (De Rycke et al., 2020). Scientific advancements and the expanding scope of PGT raise ethical and regulatory questions that are important to address.
For PGT, embryos are created with IVF or ICSI before being biopsied and genetically screened or tested (De Rycke, et al., 2020). Various types of PGT exist. PGT-M tests embryos for the presence of a monogenic condition and can be used if prospective parents know they are at high risk of having a child with a monogenic condition. Monogenic conditions are caused by pathogenic variants in one gene with an autosomal recessive, autosomal dominant or X-linked inheritance. In case of autosomal recessive monogenic conditions, one is affected if one inherits the gene with a mutation from both parents. Those with a mutation on one gene (‘carriers’) have the potential to pass the condition to their offspring if their partner carries a mutation in the same gene, but they are generally not affected themselves. With autosomal dominant monogenic conditions, one is at risk of developing the condition if the mutation is inherited from one of the parents. X-linked conditions are caused by mutations in genes on the X-chromosome. The risk of developing X-linked conditions partially depends on one’s combination of sex chromosomes. Generally, men have an increased risk of being affected by an X-linked recessive condition (Chial, 2008). PGT-SR can be used for prospective parents who are at risk of structural chromosomal rearrangements in order to avoid an unbalanced chromosome abnormality, mostly leading to miscarriages, congenital anomalies and developmental problems (De Rycke, et al., 2020). PGT-A aims to select euploid (i.e. chromosomally normal) embryos in order to increase IVF success rate per embryo transfer, though its clinical benefit remains a topic of discussion (Simpson et al., 2019, De Rycke, et al., 2020). PGT can also be used for selection based on sex chromosomes. This selection could either be performed for medical purposes, e.g. for X-linked conditions or for conditions that largely affect one sex, or more controversially, in a few countries for non-medical purposes, e.g. social sex selection including family balancing (Lemke and Rüppel, 2018, De Rycke, et al., 2020). Human leukocyte antigen (HLA) typing could be used, often in combination with PGT-M, to select embryos that are HLA-compatible with an affected sibling in need of a hematopoietic stem cell transplantation (Simpson, et al., 2019, De Rycke, et al., 2020, Ginoza and Isasi, 2020). 
PGT is regarded as an ethically sensitive technology and throughout its 30-year history, various socio-ethical concerns have been raised regarding its applications and expanding scope . For example, the use of PGT for conditions that will not develop until adulthood has led to concerns around its benefits, where to draw the line, and the person’s “right to an open future” . Furthermore, the introduction of PGT for indications without full penetrance, such as hereditary breast and ovarian cancer (BRCA1/2 mutations), have led to ethical questions not only about adult-onset versus childhood-onset conditions, but also about risk versus certainty. The use of PGT for non-medical sex selection has also been met with ethical debates and is associated with concerns about sex discrimination (Lemke and Rüppel, 2018, Ginoza and Isasi, 2020, Siermann et al., 2022). PGT-HLA raised concerns about creating so-called ‘saviour siblings’ and the instrumentalization of one person for the health of another person (Lemke and Rüppel, 2018). Considering these ethical concerns, many countries restrict the use of PGT and have legal frameworks in place that limit the scope of PGT, e.g. prohibition of non-medical sex selection and requirements related to ‘seriousness’ or ‘severity’ of a condition (Lemke and Rüppel, 2018, Ginoza and Isasi, 2020, Siermann et al., 2022).
[bookmark: _Hlk150337785][bookmark: _Hlk156473599]An emerging development within the field of PGT is currently bringing new ethical tensions to the forefront. Recently, the use of polygenic risk scoring in embryo selection, in which embryos are screened for their genetic susceptibility to various multifactorial conditions or potentially even non-medical traits, has been introduced in a commercial setting in the United States. This is referred to as PGT-P or polygenic embryo screening (Treff et al., 2019). The validity and utility of PGT-P has been quantified in several scientific publications (Treff, et al., 2019, Treff et al., 2019, Lello et al., 2020, Treff et al., 2020, Lello and Tellier, 2021, Lencz et al., 2021, Widen et al., 2022, Lello et al., 2023). This research, for example based on simulated data derived from biobanks, has shown that relative risk reduction via embryo selection based on polygenic risk scores (PRS) is possible for various polygenic indications, such as type 1 diabetes and hypothyroidism (Treff, et al., 2019, Treff, et al., 2019, Treff, et al., 2020, Widen, et al., 2022). The expected risk reduction depends on the selection strategy used, with the achieved risk reduction being higher when selecting the embryo with the lowest PRS than when excluding the embryo with very high PRS (Lencz, et al., 2021). 
However, some see the potential of PGT-P to reduce risk as rather limited, and are concerned about its validity, utility, and probabilistic nature. Concerns have furthermore been raised regarding psychological impact on prospective parents and socio-ethical implications related to eugenics, commercialization and discrimination (Karavani et al., 2019, Lázaro-Muñoz et al., 2021, Siermann et al., 2023, Siermann et al., 2024). While many healthcare professionals in Europe and North-America have concerns about the clinical introduction of PGT-P (Barlevy et al., 2023, Siermann, et al., 2023, Siermann, et al., 2024), the general population and some IVF users in the Unites States are seemingly more positive about PGT-P (Eccles et al., 2021, Zhang et al., 2021, Barlevy, et al., 2023, Furrer et al., 2023, Meyer et al., 2023, Neuhausser et al., 2023). 
[bookmark: _Hlk156399992]In light of this new and controversial development within PGT, it is important to investigate whether PGT-P fits within current regulatory and legal frameworks in Europe. Because of the many discussions surrounding PGT-P’s validity, utility and ethics, it is imperative to see whether implementation of PGT-P would currently be possible within European countries at all. This is especially relevant because the characteristics of PGT-P distinctly differ from current PGT offerings. By investigating how the current regulatory frameworks are applicable to PGT-P, the future of PGT-P and potential need for more guidance can be navigated. Little information has yet been published on how exactly the (clinical) application of PGT is legally and practically arranged in different European countries, and how and by whom decisions are made regarding approval for PGT requests or indications. Bayefsky (2016) previously compared PGT policies of a few countries, but did not focus specifically on how the approval process is organized practically for each included country. For this reason, we present an overview of the current regulatory frameworks for PGT in seven European countries that have diverse legislation and history regarding PGT, focussed particularly on how PGT approval functions in practice. By analysing how the demarcation of the scope of PGT is currently arranged in Belgium, France, Germany, Italy, the Netherlands, Spain and the United Kingdom, we aim to provide a baseline of possible models for PGT regulation. The aim is not to give an overview of PGT and its regulation in Europe at large, but rather to give in-depth insights into the regulatory processes of a few selected countries. This overview of current PGT regulation and models in the selected countries provides a basis to examine what these regulatory models would mean for the opportunities to clinically introduce PGT-P in these countries.

[bookmark: _Hlk149207064]Materials and methods
[bookmark: _Hlk156398340][bookmark: _Hlk149306070][bookmark: _Hlk158651799]We have reviewed legal documents, regulatory frameworks, scientific articles, guidelines from scientific organizations and regulatory bodies and relevant online material to gather relevant information about each country included in the analysis. Since much of the information relevant for our research question is published in grey literature, we did not focus on academic databases, but performed a thorough and extensive search of websites of governments and governmental agencies, websites of scientific and professional organisations, and academic articles in which laws and regulations are described. We used snowballing (i.e. reviewing the references of relevant documents) to find additional sources relevant for this analysis. The search took place between July and September 2023. The main sources of information were national laws relating to PGT. An overview of the relevant national laws relating to PGT can be found in Table 1. Our analysis is based on publicly available written information and documents, with efforts to map the clinical practice that follow from laws and regulation. Not all potential discrepancies between law and practice might have been identified. More insight and openness about the way PGT evaluation and approval is organized in practice in each country would be valuable. Importantly, this analysis is based on our interpretations of the law and other relevant documents. It is not meant to provide a legal standpoint or recommendation regarding the use of PGT-P and its regulatory possibilities in Europe.
[bookmark: _Hlk156400143]We have summarized all relevant aspects of legal and regulatory aspects of PGT for each included country, in particular related to how approval decisions are made for PGT requests and indications, after which we investigated the main characteristics and themes of the country’s regulations in order to find similarities and differences. Based on these similarities and differences in regulatory characteristics, we divided the approaches into three models.

Results
In the seven countries analysed, we identified three models for the regulation of PGT: the medical indication model, the individual requests model, and the clinical assessment model. An overview of these models and included countries can be found in Table 1. The mechanisms and criteria of each country for decision-making regarding acceptability of PGT can be found in Table 2. An overview of which types of PGT are permitted in each analysed country can be found in Table 3. 

[bookmark: _Hlk149207133]The medical indication model
The first model for PGT regulation requires authorization for new PGT indications, based on laws that specify and limit the medical indications for which PGT can be used. Both the United Kingdom and the Netherlands have laws in place that dictate that PGT can only be used for specific indications and that a national regulatory body has to authorize the use of PGT for each newly requested medical indication.

The United Kingdom
In the United Kingdom, ARTs including PGT are regulated by the Human Fertilization and Embryology Authority (HFEA) (Corveleyn et al., 2007). The HFEA is a statutory body and independent regulator of fertility treatments and research that uses human embryos in the United Kingdom. Clinics carrying out PGT need to have a license from the HFEA and are obliged to follow their regulations (Soini et al., 2006, Nakasato et al., 2022). HFEA regulation is based on the 1990 and 2008 Human Fertilisation and Embryology Acts and is summarized in the HFEA Code of Practice (1990, 2008, Human Fertilisation & Embryology Authority, 2021). PGT is allowed “where there is a particular risk that the embryo to be tested may have a genetic, mitochondrial or chromosomal abnormality, and the Authority is satisfied that a person with the abnormality will have or develop a serious disability, illness or medical condition” or for sex selection of embryos for conditions that affect only or mostly one sex and that meet the same requirements (1990, 2008, Human Fertilisation & Embryology Authority, 2021). Non-medical sex selection is forbidden by law (1990, 2008, Human Fertilisation & Embryology Authority, 2021). PGT-A is not explicitly included in the 1990 and 2008 Human Fertilisation and Embryology Act, but according the HFEA’s interpretations, use of PGT-A to test embryos for a particular chromosomal abnormality is only allowed if “(a) that abnormality may affect its capacity to result in a live birth, or (b) there is a particular risk that it has that abnormality, and where the Authority is satisfied that there is a significant risk that a person with that abnormality will have or develop a serious medical condition” (Human Fertilisation & Embryology Authority, 2021). PGT-M/SR with HLA matching is permitted (1990, 2008). The HFEA requires that the situation of the affected child, the child who will possibly be born, and the family situation are considered (Human Fertilisation & Embryology Authority, 2021). HFEA’s interpretations of the 1990 and 2008 Human Fertilisation and Embryology Act further state that selecting an embryo that will have significant risk of a medical condition is prohibited, except if there is no other embryo available for transfer. In this case, approval from a clinical ethics committee is needed and the welfare of the future child needs to be considered (Human Fertilisation & Embryology Authority, 2021). According to HFEA’s Code of Practice, if patients are already using PGT-M/SR for an approved indication, centres can offer PGT-M or PGT-SR for additional condition(s) that do not meet risk requirements but are seen to be of significant risk, if patients provide consent for this (Human Fertilisation & Embryology Authority, 2021). While PGT-P is not yet included in HFEA’s Code of Practice, the HFEA has already issued a statement saying that "The use of polygenic risk scores in preimplantation genetic testing is currently illegal in the UK. Embryo selection is only legal in the UK to avoid serious inherited illnesses, usually by means of pre-implantation genetic diagnosis authorised by the HFEA, known as PGT-M or PGT-SR” (Blakely, 2022). 
The HFEA creates a list of conditions for which PGT is permitted, which currently includes over 600 conditions. The list of conditions that have been approved for PGT or are under consideration by the HFEA for PGT is publicly available (Human Fertilisation & Embryology Authority, 2023, Human Fertilisation & Embryology Authority, 2023). The HFEA and its Statutory Approvals Committee (SAC) decide on approval of PGT indications that are not already on the approved list (Human Fertilisation & Embryology Authority, 2023). When PGT is requested for an indication that is not on the list, fertility clinics can submit an application to the HFEA on behalf of their patients (Corveleyn, et al., 2007, Bayefsky, 2016, Nakasato, et al., 2022, Human Fertilisation & Embryology Authority, 2023). The HFEA considers various elements when deciding whether to approve PGT for an indication, including the likelihood of inheritance, the seriousness of the condition, and experiences of people affected by the condition (Human Fertilisation & Embryology Authority, 2023). It is stated that “When deciding if it is appropriate to provide PGT-M or PGT-SR in particular cases, the centre should consider the circumstances of those seeking treatment rather than the particular heritable condition” (Human Fertilisation & Embryology Authority, 2021). This suggests that not only the pre-established criteria for what is considered a ‘serious’ condition, but also the specific situation and experiences of those requesting PGT are considered relevant to take into account. Approval of PGT-HLA is given on a case-by-case basis for the specific situation of those requesting it, while approval for PGT-M is given for the indication (Human Fertilisation & Embryology Authority, 2023). Decisions about approval of PGT for a condition are usually made within two to three months (Human Fertilisation & Embryology Authority, 2023). According to the HFEA’s ruling (Blakely, 2022), PGT-P is currently not allowed in the United Kingdom.

The Netherlands
PGT in the Netherlands is regulated by the Ministry of Health, Welfare and Sports (Corveleyn, et al., 2007). In the Netherlands, the Special Medical Procedures Act (‘Wet op Bijzondere Medische Verrichtingen’) states that certain medical acts are not allowed unless the Minister of Health, Welfare and Sports provides a license for these acts (Nederlandse Overheid, 2021). The regulation for PGT (‘Regeling preïmplantatie genetische diagnostiek’) is part of this Act and was created in 2009 and revised in 2013 (2009). The 2009 regulation indicates that an institution needs a license in order to perform PGT and states that University Hospital Maastricht is designated as the only licensed Dutch PGT centre (though ‘transport PGT’ is allowed with other Dutch clinics having a specific agreement) (2009). The regulation furthermore states PGT is permitted only if there is a high risk of a serious genetic condition in the offspring (2009). According to Dutch regulation, the following decision framework needs to be used when eligibility for PGT is evaluated: the type and seriousness of the condition (e.g. severity, age of onset, risk), any existing treatment options, other medical criteria (e.g. age of the requesting woman, egg cell quality), and psychological and ethical factors (e.g. psychological burden experienced by the gene carrier and previous experience of parents related to e.g. pregnancy termination) (2009). Sex selection for conditions with unequal sex incidence is permitted since 2020 (2002 (revised in 2021)). Non-medical sex selection is not allowed according to Article 26 of the Dutch Embryo Law (2002 (revised in 2021)). Other types of non-medical selection via PGT are also not permitted in the Netherlands (2009). PGT-A is not performed in the Netherlands, as it does not fall under the scope of PGT in the Netherlands (Geraedts et al., 2016, Calhaz-Jorge et al., 2020, PGT Nederland, 2020, Paternotte and Hermans, 2023). HLA typing in PGT is only allowed to also prevent a serious genetic condition in the future child itself, not solely to provide treatment possibilities via stem cells for a sibling (2009). Selection for non-carriers, that will most likely not be affected but could pass the condition to their offspring, is not a permitted indication for PGT. When carriers of a condition are identified in a PGT-M cycle that was initiated to prevent a recessive condition, prioritization of non-carriers for transfer is permitted (2009). In 2023, a bill was proposed to allow PGT specifically to select for carrier status, for which no final decision has been made (Paternotte and Hermans, 2023).
The Netherlands has a national indication committee (‘Landelijke Indicatiecommissie PGT’ or ‘LIC’) that decides whether PGT can be used for indications that have not previously been approved for PGT. This committee consists of clinical geneticists, ethicists, gynaecologists and a policy officer on behalf of patient organizations (PGT Nederland, 2023). When PGT is requested for a new indication, the case is first discussed with a multidisciplinary team (including at least one ethicist and if relevant an oncologist) at University Hospital Maastricht (2009). If they conclude that the medical indication is indeed new and the couple’s request for PGT is eligible, they ask the LIC to discuss the indication. The LIC looks mainly at two criteria of the aforementioned decision framework of the regulation of the Ministry of Health, Welfare and Sports (severity and nature of the disease, and treatment options) (2009, PGT Nederland, 2023). The advice the LIC gives is conditional: the LIC can conclude with ‘yes, provided that…’ or ‘no, except…’ for an indication. Taking the advice of the LIC and the specific context of the case into consideration, the University Hospital Maastricht decides on PGT approval for the specific case . In case of a ‘no, except…’ conclusion from the LIC, Maastricht can decide in individual cases to allow PGT (PGT Nederland, 2023). If the LIC allows PGT for a certain indication, there is permission to allow PGT for the same genetic predisposition in the future, and the LIC does not need to be asked for permission again (PGT Nederland, 2023). As PGT-P does not meet the Dutch regulatory requirements pertaining to high risk of a serious genetic condition, it seems unlikely that PGT-P would be approved by the LIC.

[bookmark: _Hlk149207169]The individual requests model
[bookmark: _Hlk146202715]The individual requests model stipulates that every single request for PGT must be evaluated by a regulatory body, according to whether the request meets the country’s legal criteria for PGT. France and Germany have laws in place that restrict the use of PGT and require approval on a case-by-case basis by a regional regulatory body.

France
[bookmark: _Hlk156400558]PGT in France is regulated by the Law on Bioethics (enacted in 1994, revised in 2004, 2011 and 2021) (Duguet and Boyer-Beviere, 2017, Creux et al., 2020, 2021). Centres offering PGT in France have to be licensed and monitored (2021, 2021). The 2021 Law on Bioethics and Article L.2131-4 of the French Public Health Code state that PGT is only allowed for couples and women having a high probability of having a child with a severe and incurable disease (2021, 2021). In France, there is no list available of conditions for which PGT is seen as appropriate, as there are concerns that this could lead to stigmatization of people with these conditions (Duguet and Boyer-Beviere, 2017). PGT-A is not included in the PGT regulation and its application does not meet the established PGT criteria, meaning PGT-A is not authorized in France (2011, Calhaz-Jorge, et al., 2020, Creux, et al., 2020, 2021). France has ratified the Oviedo Convention, which states that “techniques of medically assisted procreation shall not be allowed for the purpose of choosing a future child's sex, except where serious hereditary sex-related disease is to be avoided” (Oviedo Convention, 1997). This would however exclude PGT for non-medical indications. The Agence de la Biomédecine, created by the Law on Bioethics (No. 2004–800), oversees assisted reproductive technologies and PGT and can extend the uses of PGT that are specified in the bioethics law of France (2004, Bayefsky, 2016). The Agence de la Biomédicine extended the use of PGT in 2013 to allow PGT for HLA tissue matching to select a potential tissue donor for the existing child on a case-by-case basis (Article L.2131-4-1) (L'agence de la biomédecine, 2013, L’Agence de la biomédecine, 2022).
In France, every individual PGT request is reviewed by a regional Centre Pluridisciplinaire de Diagnostic Prénatal (CPDPN) on a case-by-case basis (Bayefsky, 2016, Duguet and Boyer-Beviere, 2017). A CPDPN consist of practitioners from different fields, such as genetics, gynaecology, paediatrics, biology and psychiatry (Agence de la Biomédecine, 2022). First, the physician in one of the five PGT centres has to confirm that the person or couple is likely to have a child that has a genetic condition that is severe or severely disabling and is incurable (Duguet and Boyer-Beviere, 2017, Agence de la Biomédecine, 2022). The genetic condition must have been identified in at least one of the parents or in one of their direct offspring (Corveleyn, et al., 2007, Council of Europe, 2015, Duguet and Boyer-Beviere, 2017, 2021). Then the CPDPN evaluates and decides whether or not to allow PGT, based on the severity and incurability of the condition and the potential suffering of the prospective parents (Bayefsky, 2016, Duguet and Boyer-Beviere, 2017). For PGT with HLA matching, a request has to be authorized by the Agence de la Biomédicine. The agency considers the suffering of the affected sibling and the benefit of PGT-HLA for the affected sibling as well as the integrity of the future child, e.g. preventing that the child is solely used as an ‘instrument’ for the existing sibling (Duguet and Boyer-Beviere, 2017). Seeing as every PGT request has to be approved on a case-by-case basis according to criteria related to probability, severity and incurability, it would be unlikely that PGT-P would be accepted in France.

Germany
The legislation for PGT in Germany has historically been restrictive, due to interpretations of the Embryo Protection Act/Embryonenschutzgesetz/EschG (1990), which grants a high level of protection to the human embryo (Krones and Richter, 2004, Fahrenkrog, 2006, Nippert, 2016). While no explicit regulation for PGT existed, discarding embryos was not permitted under the 1990 Embryo Protection Act, thereby disallowing selective transfer of embryos (1990). While direct testing of embryos (including cleavage stage embryos and blastocysts) was not allowed, an exception was made for the analysis of polar bodies, which is conducted in the oocytes and is thus not considered testing of embryos (Soini, et al., 2006, Corveleyn, et al., 2007, Corveleyn et al., 2008). As polar body biopsy only gives information about the egg cell, PGT via polar body testing is not possible for conditions inherited via the father (Corveleyn, et al., 2007, Bock von Wulfingen, 2016). These restrictions led German patients to go abroad for PGT, though formal referral by German physicians of patients to other countries in order to access PGT was prohibited (Corveleyn, et al., 2007). In 2010, a court case centred around a German gynaecologist who, in 2005 and 2006, had previously performed PGT on blastocyst embryos for three couples that carried a predisposition for a severe genetic condition. While his acts seemed in violation of interpretations of the German law of that time, the German Federal Court of Justice ruled in favour of the gynaecologist, and stated that his application of PGT was in accordance with the law and was not in violation of the Embryo Protection Act, as it did not breach the law’s purpose of protecting embryos from abuse (Bundesgerichtshof, 2010, Tuffs, 2010, Bock von Wulfingen, 2016, Nippert, 2016). Following this court case, the German parliament then voted in favour of creating regulation for PGT in 2011 and an amendment was made to the Embryo Protection Act (Federal Law Gazette I, p. 2228, section 3a). This amendment states that PGT is generally prohibited but allowed for limited exceptions (2011).
The regulation detailing the necessary procedures and organization for PGT came into force in 2014 (Council of Europe, 2015, Nippert, 2016). PGT can only be performed by qualified physicians in centres that have been approved for PGT (2011, Nippert, 2016). Every state has to establish licensed PGT centres and an interdisciplinary independent PGT ethics commission, which has to approve the PGT request on a case-by-case basis (2011, Nippert, 2016). All requested cases of PGT – including those not approved by an ethics committee - need to be reported in anonymised form to a national registry (2011, Nippert, 2016). At the moment, the limited exceptions for which PGT is allowed in Germany are: if one of the parents has a severe hereditary genetic condition that can be passed on to the offspring, or if there is a high risk of stillbirth or miscarriage (2011, Koehler et al., 2013, Kim, 2015). Non-medical sex selection is not allowed (2011). PGT-A and PGT-HLA are not included in the exceptional uses of PGT that the German law allows. Because PGT-P does not fall under the limited exceptions of PGT use that Germany allows, it seems unlikely that it will gain acceptance in this country.

[bookmark: _Hlk149207188]The clinical assessment model
A third model for PGT regulation is to largely leave decisions about the use of PGT to the discretion and clinical judgment of relevant healthcare professionals, within broadly defined or more restrictive laws. Belgium and Italy do not have regulatory bodies in place that decide for which indications or individual couples PGT is allowed. In Spain, decisions within the legal framework are left to PGT providers and only request of PGT-HLA and exceptional requests of PGT need to be authorized by Spain’s National Committee on Assisted Human Reproduction.

Belgium
[bookmark: _Hlk158730929]In Belgium, there is no regulatory body and little directive legal regulation for PGT indications at the national level. Belgium’s 2007 Law on Medically Assisted Reproduction and the Disposition of Supernumerary Embryos and Gametes states that a specific collaboration agreement between a fertility centre and centre for human genetics is necessary for centres to be allowed to offer and carry out PGT (Belgisch Staatsblad, 2007). The number of fertility centres that is allowed to perform PGT is decided by Royal Decree and can be no fewer than eight centres (Belgisch Staatsblad, 2007). The 2007 law prohibits PGT for so-called ‘eugenic selection’ as well as non-medical sex selection (Belgisch Staatsblad, 2007, Pennings, 2007). Other than that, no specific requirements for PGT-SR, PGT-M and PGT-A are provided in the law (Belgisch Staatsblad, 2007, Pennings, 2007, Pennings and Mertes, 2019). There is also no list indicating for which conditions PGT is seen as accepted (Pennings, 2007, Council of Europe, 2015). The Belgian law does thus not indicate what the aim of PGT is or should be, but specifies what applications of PGT are not allowed (Belgisch Staatsblad, 2007, Pennings and Mertes, 2019). PGT-HLA matching is allowed, but according to Article 68 of the 2007 law, two criteria have to be met (Belgisch Staatsblad, 2007, Pennings, 2007). First, HLA typing is allowed for therapeutic benefit of an existing child of the parents, and second, it needs to be evaluated by the fertility centre and confirmed by the genetics centre that the wish for another child and use of PGT-HLA is not solely for the benefit of the existing child (Belgisch Staatsblad, 2007). In 2011, a proposal was submitted for amendment of the 2007 law to allow PGT for the detection of healthy carrier embryos that do not have the condition but can pass it to offspring, similar to the recent proposal about this topic in the Netherlands (Defraigne and Brotchi, 2011, Pennings and Mertes, 2019). This change of law was not accepted (Belgian Advisory Committee on Bioethics, 2009, Pennings and Mertes, 2019, Paternotte and Hermans, 2023). The Advisory Committee on Bioethics issued a statement on the topic and concluded that it is allowed to deselect healthy carrier embryos if one is already involved in a PGT trajectory, but that is not justifiable to start a PGT cycle specifically to avoid carrier embryos (Belgian Advisory Committee on Bioethics, 2009, Pennings and Mertes, 2019). 
The Belgian government did not want to establish strict rules with their 2007 ‘reproductive medicine law’ and left decision-making about the use of PGT to the discretion of centres and physicians (Pennings and Mertes, 2019, Arzheimer, 2020). This implies that the genetic and fertility centres in Belgium have the authority to make decisions regarding appropriateness of PGT (Pennings and Mertes, 2019). It is common practice that each centre evaluates individual PGT requests or indications with a multidisciplinary team and specific medical specialists when needed (De Rycke, et al., 2020). Centres can also make use of local ethics boards (e.g. the ethical committee of the specific hospital) for evaluation of PGT requests (De Rycke, et al., 2020). PGT-M, PGT-SR and PGT-A are being performed in several centres across Belgium (Pennings and Mertes, 2019). PGT-P for medical indications seems to be allowed in Belgium, though healthcare professionals or centres would still need to evaluate its use.

Italy
Italy’s regulation for PGT is based on interpretations of Law No. 40/2004 (2004). This law on reproductive medicine was initially interpreted to forbid PGT, as it enforced that only people diagnosed with infertility could use ARTs, that maximum three embryos could be created during IVF and that all viable embryos had to be transferred to the prospective parent’s uterus at the same time (2004, Molinelli et al., 2012, Gianaroli et al., 2014, Vesto, 2017). However, the law did not explicitly prohibit PGT (2004, Vesto, 2017). The implicit ban on PGT was declared unconstitutional by the Regional Administrative Court of Latium in 2008 and the rule that only three embryos could be created and all embryos had to be transferred at once was declared unconstitutional by the Italian Constitutional Court in 2009 (Molinelli, et al., 2012, Gianaroli, et al., 2014, Bayefsky, 2016). By law, however, access to IVF/ICSI remained accessible only to couples with fertility problems. In 2012, the European Court of Human Rights ruled in favour of an Italian couple with no fertility issues wanting to access PGT to prevent the birth of a child with cystic fibrosis, stating that the Italian law was in violation of Article 8 “the right to respect for private and family life” (Gianaroli, et al., 2014, Vesto, 2017, Ginoza and Isasi, 2020). The discrepancy of PGT not being allowed while prenatal testing and pregnancy determination were allowed for cystic fibrosis, played a role in the court’s decision (Sándor, 2015). In 2015, the Italian Constitutional Court abandoned the requirement of infertility for PGT (sentence n. 96/2015) and stated that selective transfer of embryos for genetic diseases meeting severity criteria was no longer illegitimate (sentence n. 229/2015 (La Corte Costituzionale, 2015, La Corte Costituzionale, 2015). These criteria are the same criteria that are used to determine the permissibility of termination of pregnancy outside the legal period of 90 days and refer to “significant anomalies or malformations of the unborn child” that could be a danger to the mental or physical health of the woman (Article 6b of Law N. 194/1978) (1978). PGT for “eugenic purposes” is not allowed, as is stated in Article 13 of Law No. 40/2004 (2004, Vesto, 2017). One can opt for PGT through Centres for Medically Assisted Reproduction that are affiliated with the national health service or that are private in Italy (Granato, 2021). There is no regulatory body or mechanism to determine for which indications PGT is allowed in Italy (Bayefsky, 2016, Vesto, 2017).
[bookmark: _Hlk145928387][bookmark: _Hlk156400537]	Therefore, while PGT has been allowed in Italy for several years, it is not clear for which conditions PGT is used, or being seen as acceptable (Bayefsky, 2016, Vesto, 2017). According to recommendations of the Società Italiana di Genetica Umana, a request for PGT needs to be evaluated by a multidisciplinary team consisting of specialized staff, including at least a geneticist and a gynaecologist (Società Italiana di Genetica Umana, 2017). The medical and psychological situation, safety and chance of success for the ones requesting PGT have to be considered (Società Italiana di Genetica Umana, 2017). The recommendations of the Società Italiana di Genetica Umana suggest that PGT for late-onset conditions without full penetrance, such as breast and ovarian cancer associated with the BRCA1/2 genes, can be performed, following recommendations of the European Society of Human Reproduction and Embryology (Shenfield et al., 2003, Società Italiana di Genetica Umana, 2017). The recommendations of the Società Italiana di Genetica Umana also suggest that PGT-A and PGT for HLA typing can be performed in specific circumstances (Società Italiana di Genetica Umana, 2017). As criteria for approved PGT use do not seem to be clearly defined, this might leave open the possibility for PGT-P implementation for medical indications in Italy.

Spain
Spain introduced legislation for ARTs in 1988 (Act 35/1988) (1988, Corveleyn, et al., 2007). The Act states that the use of ARTs for prevention or treatment of hereditary or genetic diseases is permitted (1988, Corveleyn, et al., 2007). The 1988 national law did not yet include explicit regulation for PGT (Pavone and Arias, 2011, Pavone and Lafuente Funes, 2018). The National Committee on Assisted Human Reproduction (Comisión Nacional de Reproducción Humana Asistida/CNRHA), which was envisaged in the 1988 Act, was constituted in 1997 and tasked with providing guidance for assisted reproduction (1988, Corveleyn, et al., 2007, Pavone and Arias, 2011, Pavone and Lafuente Funes, 2018). The CNRHA is the collegiate body of the Ministry of Health and consists among others of government representatives, a bioethics expert and representatives from national societies related to reproductive medicine (Comisión Nacional de Reproducción Humana Asistida, 1988). Explicit regulation of PGT was not introduced until the National Assisted Reproduction Law was established in 2006 (Law 14/2006), in a reform of 1988 and 2003 laws (2006), even though PGT (except for HLA-matching) was already being performed at that time (Pavone and Arias, 2011, Pavone and Lafuente Funes, 2018). This new law permits the genetic selection of embryos for conditions that are “serious, early-onset and for which no treatment exist” or “to detect the alterations that may affect negatively the viability of the embryos” (2006). The National Assisted Reproduction Law thus provides a framework for the evaluation of the appropriateness of PGT but does not include a list of conditions for which PGT is permitted (Pavone, 2010, Pavone and Arias, 2011, Pavone and Lafuente Funes, 2018). In practice, PGT has been performed for adult-onset conditions, such as Huntington’s disease and hereditary breast and ovarian cancer (BRCA1/2) (Pavone, 2010). It is said that the Spanish regulation and criteria for PGT are broadly defined in order to leave room for future PGT applications without needing to change the regulative framework (Pavone, 2010, Pavone and Lafuente Funes, 2018). PGT for non-medical indications, including non-medical sex selection, is not permitted in Spain (2006). Spain has also ratified the Oviedo convention, which indicates that sex selection for non-medical purposes is not allowed (Oviedo Convention, 1997). PGT-HLA matching for an ill sibling is permitted according to the law, but does need authorization from the CNRHA (2006). 
If PGT requests meet the criteria of the 2006 law described above, PGT providers are expected to submit this information to the CHRHA through regional authorities. No authorization from the CNRHA or regional authorities is required (Pavone and Lafuente Funes, 2018). If there is uncertainty about whether a PGT request falls within the criteria indicated in the regulation and in case of requests for PGT-HLA, specific authorization from the CNRHA via a case-by-case approach is needed (Comisión Nacional de Reproducción Humana Asistida, 2006, Pavone and Arias, 2011, Pavone and Lafuente Funes, 2018). The use of PGT-A falls within the criteria of the 2006 law and therefore does not need authorization of the CNRHA (Pavone and Arias, 2011, Pavone and Lafuente Funes, 2018). Spain seems to leave open the possibility for permitting PGT-P, in so far as is would be used for medical indications only.
 
Discussion
[bookmark: _Hlk158652527]In this paper, we have analysed how various European countries regulate PGT, in order to evaluate the legal possibilities for implementation of PGT-P. We found that there are large differences between PGT regulation, regarding the focus on the PGT indication or on the specific case of the people requesting PGT, regarding the formulation of strict rules or broadly interpretable laws, and regarding having a clear regulatory and decision-making framework in place or leaving more room to PGT providers to make decisions. We captured these differences in three models: the medical indication model, the individual requests model, and the clinical assessment model. New developments within PGT, in particular the recent introduction of PGT-P, make it crucial to look critically at policy and regulation. We therefore assess the potential acceptability of PGT-P within these European countries, based on our analysis of current regulatory frameworks for PGT. With the exception of the United Kingdom, who have issued a statement on PGT-P, this analysis is therefore based on an extrapolation of current PGT regulations.

Opportunities for PGT-P within the analysed European countries
In countries regulating PGT with the medical indication model (The Netherlands, The United Kingdom), PGT-P would need to meet the criteria in place for PGT indications and would need to be approved by a national authority. In the United Kingdom, the HFEA already indicated that PGT-P does not meet their current PGT requirements and highlighted that there is no scientific consensus for PGT-P at the moment. They furthermore stated that “Before this could be introduced into UK law it would need a shift in public policy, and a range of ethical concerns to be addressed, which would require parliamentary approval and the backing of society more generally" (Blakely, 2022). In the Netherlands, potential requests for PGT-P would likely not be approved by the LIC at this moment, since PGT-P does not meet PGT requirements relating to high risk and potentially to seriousness and lack of medical treatments. The fact that PGT-A is not performed in the Netherlands and receives different ratings of effectiveness from the HFEA depending on its use (Geraedts, et al., 2016, Calhaz-Jorge, et al., 2020, PGT Nederland, 2020, Human Fertilisation & Embryology Authority, 2023), also implies that enough evidence of validity and utility is required before a screening or testing option is performed in these countries – evidence which is currently lacking for PGT-P (Karavani, et al., 2019, Lázaro-Muñoz, et al., 2021, Lencz, et al., 2021, Turley et al., 2021). The proposal of offering PGT for genetic conditions without full penetrance (e.g. hereditary cancers) in 2008 already caused a lot of political debate in the Netherlands. Especially Christian parties were not in favour of allowing this and were afraid of a ‘slippery slope’ with regards to embryo selection if this would be allowed. The discussion around this topic led to the 2009 Dutch PGT regulation, which outlined the evaluation framework and mechanism for PGT requests (Winter et al., 2012, Ministerie van Volksgezondheid, 2019). Based on the existing requirements, evidence and cultural contexts, a change to PGT regulation that would allow PGT-P in the countries with this model thus seems improbable in the foreseeable future.
Similarly, the countries with the individual requests model have criteria in place to decide for which indications PGT is allowed (France, Germany), relating to the knowledge that the parents are likely to have a child with a severe genetic condition or experience stillbirth or miscarriage. Knowledge of a high risk or heritability of a specific genetic condition is thus necessary, which would not necessarily be present with PGT-P, especially if PGT-P would be performed for a panel of various conditions regardless of known familial risk. PGT-P would thus not fall within the authorized use of PGT in the included countries following the individual requests model, and requests to regional authority bodies for PGT-P would likely not be approved. Especially considering Germany’s initial prohibition of PGT, which can be said to be related to the level of protection attached to the embryo, to anti-discrimination against disabilities, and to a particular carefulness after the eugenic practices of Germany’s Nazi past (Krones and Richter, 2004, Fahrenkrog, 2006), it seems unlikely that the law would be changed in order to authorize PGT-P.
With the clinical assessment model, decision-making about the appropriateness of PGT for specific indications is left to PGT providers within the limits of the law (Belgium, Italy, Spain). Especially in countries where the regulation in place with regards to PGT requirements is broadly defined, this would leave space for potential implementation of PGT-P. These broadly defined regulatory approaches can for example be related to Belgian’s interest in the development of new reproductive technologies and its liberal position to the status of and research on human embryos (Pennings and Mertes, 2019, Arzheimer, 2020) and to the historical influence of private centres on PGT regulation in Spain (Pavone and Arias, 2011). However, the healthcare system and associated regulation also plays a role: in Belgium, for example, PGT may only be performed in recognized fertility and genetics centres. Currently, no commercial entities are recognized to offer PGT in Belgium. In Italy and Spain, by contrast, PGT is largely offered privately, and commercial clinics are said to influence the field of PGT and its regulatory development in Spain (Pavone and Arias, 2011). Potentially, there might be more room for new commercial PGT offers in countries where space is already provided to private offerings of PGT and where the law is framed flexibly. However, considering that Italy’s legal framework for PGT does refer to criteria regarding severity and considering the influence of the Catholic Church and their position on the moral status of the human embryo in Italy, which led to the strict 2004 law on assisted reproductive technologies that made PGT practically impossible (Parfenchyk, 2018), the space for PGT-P in Italy might be limited despite the medical assessment model and private offerings of PGT.
PGT for non-medical sex selection (e.g. for family balancing) or non-medical selection in general is not allowed in all countries included in the analysis. Even when PGT-P would be offered in any of the included countries in the future, it seems reasonable to believe that it would be limited to medical indications only and not offered for non-medical traits.
[bookmark: _Hlk158622711][bookmark: _Hlk158813203]Importantly, our discussion concerns the use of PGT-P as a stand-alone tool for reproductive decision-making and embryo selection. In practice, it is also possible that PGT-P will be offered as an add-on to people making use of PGT-A (potentially in addition to PGT-M/SR), or that PRS could potentially be used to improve the accuracy of risk predictions for monogenic conditions without full penetrance. While the former would likely meet the same regulatory roadblocks as we have described in this paper, the latter might be evaluated differently within current legal frameworks. This is however beyond the scope of this paper.

[bookmark: _Hlk156397273]Perspectives of scientific organizations and healthcare professionals
Besides current legal frameworks, the stances of European scientific organizations such as the European Society of Human Genetics and the European Society of Human Reproduction and Embryology need to be considered. Both these societies have warned about PGT-P’s prematurity with regards to its validity, utility and ethics and the European Society of Human Genetics has described PGT-P as “an unproven, unethical practice” (Forzano et al., 2021, European Society of Human Reproduction and Embryology, 2022). These recommendations likely impact local stances on potential implementation of PGT-P, regardless of legal possibilities. Furthermore, national, European and global guidelines generally have not covered PGT-P specifically, but on the basis of PGT-M guidelines, the support for PGT-P appears to be limited at the moment (Siermann, et al., 2022). Furthermore, according to empirical research, the majority of healthcare professionals in Europe in this study are negative about current clinical implementation of PGT-P, due to concerns about the scientific validity and utility of PGT-P, limited benefits for prospective parents, difficulties of choices and counselling, and larger socio-ethical concerns (Siermann, et al., 2023, Siermann, et al., 2024). Concluding, even in countries following the clinical assessment model, where we have shown that offering PGT-P might be possible within these countries’ existing legislation, implementation of PGT-P is unlikely.

[bookmark: _Hlk156397308]PGT regulation and opportunities for PGT-P in other countries
[bookmark: _Hlk156567196]For our analysis, we have focussed on seven European countries, which means that certain geographical diversity is missing. We were able to find only limited information regarding the regulatory processes for PGT in other European countries. Lithuania’s Law on Assisted Reproduction of 2016 limits PGT to preventing serious or severely disabling diseases, the criteria for which are determined by the Minister of Health (Grubliauskienė, 2022). In Denmark and Finland, PGT-M/SR can be provided in cases where prenatal diagnosis is seen as acceptable (i.e. high risk of a severe genetic disease), and in Sweden, in case one of the prospective parents carries a mutation or structural chromosomal aberration associated with a high risk of having a child with a serious condition (Hreinsson et al., 2020). In Finland and Iceland, PGT-A can be offered unconditionally, whereas in Denmark and Sweden, it is allowed only within a research protocol that is approved by a local ethics committee (Hreinsson, et al., 2020). PGT-HLA needs to be approved on a case-by-case basis by a national board of health and welfare in Denmark, Norway, and Sweden (Hreinsson, et al., 2020). In Norway, all couples requesting PGT need approval from the National Office for Health Service Appeals (Hreinsson, et al., 2020). Norway thus falls within the individual requests model for all offered forms of PGT, on a national level. The same applies to Denmark and Sweden, but only for PGT-HLA. However, while some information is present regarding what PGT at large is allowed for in Sweden, Denmark, Finland and Lithuania, it is unclear how approval decisions are made and by whom. It is uncertain whether this means that these countries fit with the clinical assessment model. For the countries that specify criteria for approval of PGT, it seems that these criteria largely exclude PGT-P.
The regulation for PGT in the included European countries can be contrasted with other countries, outside of Europe, where there is more lenient or no regulation at all regarding PGT, such as the United States or Mexico (Soini, 2007, Bayefsky, 2016, Kettering, 2019). The United States for example do not have state or federal laws for PGT and the evaluation of appropriateness of PGT is left to recommendations of professional organizations (such as the American Society of Reproductive Medicine) and decisions of individual centres, teams or healthcare professionals (Bayefsky, 2016). The limited regulation in the United States can be linked to the fact that that there is no government-funded healthcare system, but a market system for fertility care (Bayefsky, 2016). PGT for any condition or trait, including non-medical sex selection for example, is allowed in the United States (Ethics Committee of the American Society for Reproductive Medicine. Electronic address, 2022). PGT-P is allowed and currently offered. The differences between European countries and countries such as the United States could potentially cause cross-border reproductive tourism among European citizens seeking more extensive PGT. In general, reproductive tourism is associated with health and legal risk as well as psychological and financial stress (Corveleyn, et al., 2007, Soini, 2007, Ferraretti et al., 2010, Bayefsky, 2016).

Conclusion
The regulation of PGT differs per country, for which we identified three models. Some countries require central approval of PGT for each new indication (the medical indication model: the United Kingdom, the Netherlands), some countries evaluate each individual PGT request at the local level (the individual requests model: France, Germany), and other countries largely leave decision-making about clinical application of PGT to healthcare professionals (the clinical assessment model: Belgium, Italy, Spain). Although the three regulatory models are different - including the latitude each would offer for implementation of PGT-P - that latitude seems limited in all three models. Only in countries following the clinical assessment model, does there seem to be fewer barriers to the introduction of PGT-P in fertility clinics. However, in countries where centres providing PGT have to be licenced and where PGT is not offered commercially (Belgium), there seem to be few opportunities for the provision of PGT-P. The fact that European scientific organizations have voiced concerns about implementation of PGT-P and that healthcare professionals in Europe are generally negative about clinical introduction of PGT-P due to scientific and socio-ethical concerns demonstrates that, even if legally possible, the chance that PGT-P would be offered in European countries in the near future appears to be low. Whether legal and regulatory frameworks would be adapted to allow PGT-P in the future, likely depends on whether the scientific and socio-ethical barriers of PGT-P are ever resolved.
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