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Abstract — Fertility preservation has emerged as a leading field in contemporary reproductive medicine, driven by 

increasing cancer survival rates, delays in childbearing, gonadotoxic treatment protocols, and evolving societal values. 

Remarkable advances in cryopreservation, vitrification, ovarian tissue transplantation, and sperm preservation have 

expanded reproductive autonomy and clinical capabilities. This comprehensive analytical synthesis evaluates existing 

fertility preservation modalities for both female and male populations, examining laboratory innovations, precision medicine 

integration, assisted reproductive technology, ethical implications, and future translational challenges. Current modalities—

oocyte vitrification, embryo cryopreservation, ovarian tissue cryopreservation, sperm banking, and experimental germline 

stem cell methods—are evaluated on the basis of efficacy, safety, accessibility, and long-term reproductive success. The 

ethical debate surrounding elective fertility preservation, reproductive justice, and age-related fertility decline is critically 

examined. This review highlights the urgent need for precise patient stratification, equitable access models, interdisciplinary 

coordination, and integration of emerging biomedical technologies to optimise fertility outcomes in contemporary 

reproductive care. 
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1.  Introduction 
 

Fertility preservation has evolved from a relatively 

specialised practice historically limited to oncology patients 

to a central pillar of modern reproductive care, reflecting 

both clinical requirements and emerging sociocultural 

demands. Early restrictions stemmed from technological 

limitations resulting in poor gamete and gonadal tissue 

survival. Over the past two decades, breakthroughs in 

cryobiology, vitrification regimens, assisted reproductive 

technologies, and reproductive endocrinology have 

comprehensively transformed the field (Dolmans and 

Manavella, 2019; Fisch and Abir, 2018). 

 

Rising malignancy incidence in individuals of 

reproductive age, combined with progressively improving 

survival rates, has intensified the need for oncofertility 

interventions. Traditional oncologic treatments including 

chemotherapy, radiotherapy, and haematopoietic stem cell 

transplantation regularly cause gonadal toxicity leading to 

premature ovarian insufficiency or impaired 

spermatogenesis (Roberts and Oktay, 2005; Kim et al., 

2016). Concurrently, broader social trends including 

delayed childbearing and professional focus have expanded 

fertility preservation to include elective oocyte 

cryopreservation as a preventive measure against age-

associated fertility decline (Stoop et al., 2014). 

Contemporary fertility preservation thus represents an 

interdisciplinary nexus combining clinical oncology, 

reproductive endocrinology, cryobiology, bioethics, and 

public health policy. The transition from slow-freezing to 

vitrification has significantly improved post-thaw viability 

and pregnancy outcomes (Bagchi et al., 2008). Ovarian 

tissue cryopreservation has progressed beyond 

experimental status to become a clinically validated option 

with documented live births (Donnez and Dolmans, 2013). 

This review provides a critical assessment of modern 

fertility preservation methods, technological innovations, 

clinical indications, inherent limitations, and ethical 

dimensions within a precision medicine and reproductive 

justice framework. 

 

2. Technological Foundations of Fertility 

Preservation 

 
The technologies of cryopreservation form the 

technological foundation of modern fertility preservation. 

Early slow-freezing methodologies were foundational but 

produced ice crystal formation, cellular damage, and 

reduced post-thaw viability. The development of 

vitrification, characterised by extremely rapid cooling and 

high cryoprotectant concentrations, successfully minimised 

intracytoplasmic ice formation and dramatically improved 
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oocyte survival rates (Bagchi et al., 2008; Anderson, 2008). 

Vitrification has consequently become the gold standard of 

oocyte and embryo cryopreservation. 

 

Embryo cryopreservation offers the highest security 

with superior survival and implantation rates when 

combined with standard IVF protocols (Jensen et al., 2011). 

However, embryo freezing requires fertilisation prior to 

preservation, raising ethical and relational concerns, 

particularly for single women or minors. Oocyte 

cryopreservation has gained widespread acceptance as a 

viable alternative, particularly for women seeking 

reproductive autonomy. Vitrification innovations have 

yielded fertilisation and live-birth rates comparable to fresh 

oocytes when performed at younger ages (Stoop et al., 

2014), though success rates decline substantially with 

advancing maternal age. 

 

Ovarian tissue cryopreservation represents a major 

advancement particularly for prepubertal girls and women 

requiring urgent oncologic treatment (Donnez and Dolmans, 

2013; Henry et al., 2022). The procedure involves surgical 

recovery, freezing, and subsequent autografting of ovarian 

cortical tissue, with documented restoration of endocrine 

function and spontaneous conception. However, the risk of 

reintroducing malignant cells exists in haematological 

malignancies (Dolmans and Manavella, 2019). In males, 

sperm cryopreservation is well-established and highly 

successful in post-pubertal individuals. Prepubertal 

testicular cryopreservation and spermatogonial stem cell 

transplantation remain experimental methods for preserving 

fertility in prepubertal boys (Grin et al., 2021; 

Doungkamchan and Orwig, 2021). 

 

3. Precision Medicine and Personalised 

Fertility Preservation 

 
The integration of precision medicine into fertility 

preservation represents a major paradigm shift toward 

genuinely individualised reproductive care. Instead of 

standardised protocols, modern approaches adopt patient-

specific biological and clinical variables. Kim et al. (2016) 

emphasise the paramount importance of individual ovarian 

reserve evaluation through anti-Müllerian hormone levels, 

antral follicle count, and genetic profiling. These 

multidimensional assessments allow clinicians to optimise 

the timing and modality of preservation, considering age, 

cancer subtype, gonadotoxic regimen, urgency, baseline 

ovarian reserve, and long-term reproductive goals. 

 

Novel reproductive biotechnologies further expand 

the frontier of personalised fertility restoration. Artificial 

ovarian scaffolds, in-vitro folliculogenesis, and stem cell-

based gametogenesis represent experimental but potentially 

transformative advances in regenerative reproductive 

medicine. These technologies aim to reconstruct endocrine 

and reproductive functionality without tissue 

autotransplantation, potentially reducing malignant cell 

reintroduction risk. Artificial intelligence and digital health 

integration are simultaneously transforming fertility 

preservation workflows. Predictive modelling algorithms 

assist clinicians in estimating success probabilities based on 

age, ovarian reserve measures, and treatment exposures 

(Devi et al., 2025; Catherine et al., 2025). 

 

4. Assisted Reproductive Technology 

Integration 
 

The development and infrastructure of assisted 

reproductive technologies are closely interconnected with 

fertility preservation. Szamatowicz (2016) highlights that 

advances in intracytoplasmic sperm injection, embryo 

culture, blastocyst transfer methods, and cryo-warming 

procedures have significantly enhanced clinical success 

rates. Brezina et al. (2015) emphasise that outcomes are 

highly dependent on laboratory quality, embryological 

expertise, and institutional experience. Logistical and 

clinical challenges of ART integration include potential 

delays in urgent oncologic therapy for ovarian stimulation, 

ovarian hyperstimulation syndrome risk, monetary burden, 

and geographic inequality in ART centre distribution. 

Therefore, oncologic urgency, patient safety, laboratory 

capability, and socioeconomic feasibility are essential 

considerations in fertility preservation decision-making. 

 

5. Ethical Dimensions and Reproductive 

Justice 
 

The ethical debate on fertility preservation evolves 

continuously alongside technological advancement. 

Dondorp and De Wert (2009) challenge the medicalisation 

of reproductive timing in healthy women, highlighting 

societal pressures that may influence decision-making. 

Mohapatra (2014) places fertility preservation within a 

reproductive justice framework, identifying inequalities in 

access based on socioeconomic status, race, and geographic 

location. Elective oocyte freezing for age-related fertility 

decline, while expanding reproductive freedom, may create 

unrealistic expectations about future fertility outcomes 

(Stoop et al., 2014). Transparent guidance regarding age-

related success rates, predetermined limitations, and 

outcome probabilities is therefore morally necessary. 

Consent issues in fertility preservation are particularly 

complex in paediatric oncology. Parents must make 

decisions regarding experimental treatment of prepubertal 

children, balancing reproductive autonomy with procedural 

risks. In all contexts, equitable access remains a central 

ethical concern. High procedure costs, low insurance 

coverage, and geographic concentration of specialised ART 

centres create systemic injustices that disproportionately 
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affect marginalised populations. Public health systems 

should promote insurance coverage mandates for medically 

indicated fertility preservation, particularly for cancer 

patients facing gonadotoxic treatment effects. 

 

6. Challenges, Future Directions and 

Conclusion 

 
Despite impressive progress, significant challenges 

persist. Long-term safety of ovarian tissue transplantation 

requires further characterisation. Cryoprotectant toxicity, 

ischaemic injury during graft revascularisation, and 

malignant cell reintroduction risk require ongoing 

investigation (Dolmans and Manavella, 2019). Male 

fertility preservation in prepubertal individuals remains 

dominated by experimental approaches requiring extensive 

in-vitro validation. Psychosocial consequences of fertility 

preservation programmes, including anxiety about future 

gamete use, financial burden, and ethical dilemmas 

surrounding unutilised embryos, require structured 

psychological support integration. 

 

Future fertility preservation developments are most 

prominently associated with regenerative medicine, 

biomaterial scaffolding, artificial gametogenesis, and gene-

editing technologies. Omics profiling can enhance 

predictive analysis of ovarian senescence and therapeutic 

sensitivity. Standardisation of clinical practices, equitable 

insurance systems, and implementation of electronic 

decision support systems will guide responsible field 

development. Multidisciplinary cooperation between 

oncologists, reproductive endocrinologists, cryobiologists, 

ethicists, psychologists, and public health policymakers is 

essential to ensure that fertility preservation growth 

remains safe, ethically stable, and equitably accessible. 

Fertility preservation has transformed from nascent 

experimental technology into an essential component of 

modern reproductive medicine. Advances in vitrification, 

ovarian tissue transplantation, sperm cryopreservation, and 

ART integration have significantly expanded reproductive 

autonomy and improved quality of life for cancer patients 

and individuals who delay parenthood. Precision medicine 

frameworks now enable individual-level risk stratification 

and preservation strategy optimisation. However, ethical 

debates, socioeconomic inequalities, long-term safety 

uncertainty, and psychosocial consequences remain 

important concerns requiring sustained translational 

research, equitable policy reform, systematic counselling, 

and interdisciplinary regulation. 
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