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Abstract 

 

Background: The diagnostic odyssey for patients with rare and complex diseases—characterized by 

protracted, costly, and often inconclusive testing—represents a significant failure of traditional, siloed 

diagnostic paradigms. The integration of multi-omics data (genomics, transcriptomics, proteomics, 

metabolomics) within the clinical laboratory promises a paradigm shift from sequential analysis to a 

holistic, systems biology-based diagnostic model. The successful translation of this approach hinges on 

its integration across the broader healthcare ecosystem, including radiology, health administration, and 

nursing. 

Aim: This narrative review aims to synthesize current evidence on the convergence of multi-omics 

platforms within the advanced medical laboratory and to articulate its essential interdependencies with 

key clinical and operational domains to enable a system-wide transformation in rare disease diagnosis. 

Methods: An integrative narrative review methodology was employed. A systematic search of 

PubMed, Scopus, and Web of Science was conducted for literature published between 2010 and 2024, 

using terms related to multi-omics, rare diseases, diagnostics, and interdisciplinary care. 

Results: Multi-omics integration demonstrably increases diagnostic yield in rare diseases by 10-40% 

over exome sequencing alone. Its clinical impact is maximized when tightly coupled with quantitative 

imaging phenotypes from radiology, supported by strategic health administration frameworks for 

resource allocation and reimbursement, and operationalized by informatics-savvy nursing teams for 

precision patient management and longitudinal data collection. 

Conclusion: Integrated multi-omics represents the vanguard of precision diagnostics, offering a 

powerful path to end diagnostic uncertainty. Its translation into routine practice necessitates not only 

new laboratory competencies and bioinformatic standards but also a deliberate, collaborative redesign 

of workflows with radiology, health administration, and nursing. The future diagnostic paradigm 
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requires the medical laboratory to evolve from a provider of discrete results into the core of a 

multidisciplinary, data-integrated care team. 

 

Keywords: Multi-omics; Diagnostic Odyssey; Systems Medicine; Clinical Bioinformatics; Integrated 

Diagnostics; Rare Diseases. 

 

Introduction 

The journey to a definitive diagnosis for individuals with rare or phenotypically complex diseases 

remains one of the most formidable challenges in modern medicine. This "diagnostic odyssey," often 

spanning many years and involving numerous specialists, repeated testing, and therapeutic dead-ends, 

exacts a profound toll on patients, families, and healthcare systems (Sawyer et al., 2016). Historically, 

the diagnostic approach has been linear and reductionist, guided by the differential diagnosis and 

sequential testing—first biochemical assays, then targeted gene panels, and increasingly, exome or 

genome sequencing. While next-generation sequencing (NGS) has revolutionized diagnostic yields, a 

significant proportion of patients—estimated at 50-60% even after comprehensive genomic testing—

remain without a molecular diagnosis (Clark et al., 2018). This diagnostic impasse often stems from the 

inherent biological complexity of disease, where a single genomic locus provides an incomplete picture 

of a dynamic, interconnected system. 

Concurrently, the landscape of biomedical measurement has been transformed by the advent of high-

throughput "omics" technologies (Chen et al., 2023). Genomics maps the static DNA blueprint, 

transcriptomics captures the dynamic RNA expression, proteomics profiles the functional protein 

machinery, and metabolomics reflects the ultimate biochemical phenotype. Each layer offers a unique 

but partial snapshot of the pathophysiological state (Wekesa & Kimwele, 2023). The central thesis of 

systems medicine is that the integration of these multi-dimensional data layers—multi-omics—can 

reveal emergent properties and causal networks that are invisible to any single modality. This approach 

moves beyond the "one gene, one test" model towards a holistic understanding of disease as a perturbed 

network (Hasin et al., 2017; Ullah et al., 2022). 

The medical laboratory, traditionally organized into discrete departments (chemistry, hematology, 

molecular pathology), now stands at the precipice of a fundamental transformation. It is the logical 

nexus for this integration, possessing the technical expertise, quality frameworks, and clinical interface 

necessary. However, evolving into an integrated diagnostics hub requires navigating a confluence of 

unprecedented challenges: the computational complexity of big data fusion, the interpretative skill to 

translate multi-omics findings into a coherent clinical narrative, the ethical dilemmas of data-rich 

testing, and the economic realities of healthcare funding (Mazzarotto et al., 2020).  

This narrative review explores the convergence of genomics, transcriptomics, proteomics, and 

metabolomics within the advanced medical laboratory. It assesses the tangible progress made in using 

integrated multi-omics to end diagnostic odysseys, guide personalized interventions, and discover novel 

disease signatures. Furthermore, it provides a critical appraisal of the bioinformatic pipelines, clinical 

validation hurdles, reporting complexities, and the profound ethical and economic implications of 

bringing this powerful, systems-level approach into routine diagnostic practice. 

 

The Anatomy of a Diagnostic Odyssey and the Limits of Single-Omics 

To appreciate the promise of multi-omics, one must first understand the biological and systemic roots 

of diagnostic failure (Adachi et al., 2023). A diagnostic odyssey is not merely a delay; it is a systemic 

cascade of uncertainty. For patients, it translates to anxiety, inappropriate or absent treatment, and 

financial toxicity. For the healthcare system, it manifests as inefficient resource utilization and 

mounting costs (Boycott et al., 2017). The biological reasons for these odysseys are manifold. Genetic 

heterogeneity means hundreds of different genes can cause clinically similar presentations (e.g., 

intellectual disability, inherited neuropathies). Incomplete penetrance and variable expressivity obscure 

the genotype-phenotype correlation. The increasing recognition of non-coding pathogenic 

variants, structural variants, repeat expansions, and complex inheritance patterns (digenic, oligogenic) 

further complicates the picture (Wright et al., 2018). 

First-line genomic tools have intrinsic limitations. Exome sequencing captures only ~2% of the genome, 

missing deep intronic, regulatory, and structural variants. Genome sequencing, while more 

comprehensive, generates vast amounts of data of uncertain significance (Peymani et al., 2022). 
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Critically, a DNA sequence is a static code; it reveals potential but not actual function. It cannot reliably 

inform on RNA splicing efficiency, protein expression or stability, post-translational modifications, or 

the downstream metabolic consequences of a variant (Kremer et al., 2017). For example, a variant of 

uncertain significance (VUS) in a gene may be reclassified as pathogenic if RNA sequencing reveals 

aberrant splicing or absence of transcript. Similarly, a normal genomic sequence in a patient with a 

convincing metabolic phenotype may find its explanation in proteomic assays revealing an enzyme 

deficiency or metabolomic profiling showing a pathognomonic biochemical signature (Muñoz-Pujol et 

al., 2022). Thus, the diagnostic odyssey often persists because the chosen investigative lens is too 

narrow. Single-omics approaches, while powerful, provide a two-dimensional sketch of a multi-

dimensional problem. The integration of complementary omics layers is required to construct a three-

dimensional, mechanistic model of disease, effectively cross-validating findings and illuminating 

causal pathways from genotype to functional phenotype (Grigalionienė et al., 2023). Figure 1 illustrates 

the traditional diagnostic odyssey experienced by patients with rare and complex diseases. 

 

Figure 1. The Diagnostic Odyssey in Rare and Complex Diseases 

 
 

The Multi-Omics Toolkit Technologies and Their Diagnostic Synergies 

The practical implementation of multi-omics diagnostics relies on a suite of rapidly maturing 

technologies, each managed within or in close partnership with the modern medical laboratory (Hong 

et al., 2022). Genomics, the foundational layer, is dominated by NGS. Whole Genome Sequencing 

(WGS) is increasingly the genomic tool of choice for rare disease, offering uniform coverage and the 

ability to detect a broader range of variant types compared to exome sequencing (ES) (Turro et al., 

2020). Transcriptomics, typically via RNA sequencing (RNA-seq) from accessible tissues like blood or 

skin fibroblasts, serves as a powerful functional adjunct. It can validate the pathogenicity of non-coding 

and splice-region variants by demonstrating allele-specific expression, nonsense-mediated decay, or 

aberrant splicing (Cummings et al., 2017). In oncology, transcriptomics is pivotal for detecting gene 

fusions and characterizing expression subtypes (Zhou et al., 2022).  

Proteomics has advanced from low-throughput western blotting to mass spectrometry (MS)-based 

methods. Targeted proteomics can quantify specific proteins, validating the functional impact of a 

genetic variant at the protein level (e.g., absence of a dystrophin) (Usha Rani et al., 2023). Discovery 

proteomics can profile thousands of proteins, identifying novel biomarkers or disease 

subtypes. Metabolomics, the systematic study of small-molecule metabolites, provides the closest 

readout of cellular phenotype. Using technologies like liquid chromatography-mass spectrometry (LC-

MS) or nuclear magnetic resonance (NMR), it can identify inborn errors of metabolism, characterize 

mitochondrial disorders, and reveal metabolic signatures of dysregulated pathways (Miller et al., 2015). 

The diagnostic power lies not in the individual technologies, but in their synergistic integration. The 

canonical diagnostic cascade begins with an ambiguous WGS finding. RNA-seq can then be deployed 
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for functional validation. If the RNA is normal but clinical suspicion remains high, targeted proteomics 

can assess protein quantity and function (Stranneheim et al., 2021). Finally, metabolomics can reveal 

the downstream biochemical perturbations, confirming the diagnosis and often guiding therapy (e.g., 

recommending a cofactor or dietary modification). This sequential, hypothesis-driven integration is the 

most common current model. The frontier, however, involves parallel multi-omics—the simultaneous 

acquisition and integrated computational analysis of multiple data layers from a single sample, aiming 

for a unified diagnostic interpretation without pre-defined hypotheses. This approach is computationally 

intensive but holds the greatest promise for solving the most cryptic cases (Jiang et al., 2023). Figure 2 

provides a schematic overview of integrated multi-omics diagnostics within the advanced medical 

laboratory. 

 

Figure 2. Integrated Multi-Omics Diagnostics in the Medical Laboratory 

 
 

Bioinformatic Pipelines 

The transformation of raw multi-omics data into a clinically actionable result is entirely dependent on 

robust, reproducible bioinformatics. This represents perhaps the greatest technical challenge for the 

medical laboratory. The bioinformatic workflow for integrated diagnostics is a multi-stage pipeline far 

more complex than that for single-modality testing (Table 1). 

The process begins with data processing and quality control for each omics layer separately, using tools 

tailored to the specific technology (GATK for genomics, STAR for transcriptomics, MaxQuant for 

proteomics) (Pham et al., 2022). The next critical phase is data integration and fusion. This can be 

achieved through several computational strategies: Vertical integration aligns different data types from 

the same patient to a common reference (e.g., genomic variant -> transcript -> protein), enabling direct 

causal inference. Horizontal integration combines data from a cohort of patients to identify shared 

multi-omics signatures associated with a disease. More advanced methods use network-based 

approaches, mapping multi-omics data onto biological pathways or protein-protein interaction networks 

to identify dysregulated modules (Ritchie et al., 2015). 

A paramount challenge is interpretation and prioritization. The system must triage millions of data 

points to highlight the few that are clinically relevant. This requires tiered, knowledge-driven filtering 

against constantly updated databases of known pathogenic variants, gene-disease associations, and 

pathway information. Machine learning (ML) and artificial intelligence (AI) are increasingly employed 

to discover novel patterns, predict variant pathogenicity from multi-omics features, and match patient 

profiles to known disease signatures (Santiago et al., 2021). However, these "black box" models raise 

significant challenges for clinical validation and regulatory approval. The final output is not a simple 

positive/negative result, but an integrated data narrative—a report that synthesizes evidence from 
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multiple layers into a coherent argument for or against a diagnosis, complete with confidence scores 

and suggested functional validations. Developing standardized, interoperable, and clinically transparent 

bioinformatic pipelines is a prerequisite for the scalability and reliability of multi-omics diagnostics. 

 

Table 1: The Multi-Omics Diagnostic Cascade: Technologies, Applications, and Synergies 

Omics Layer Core Technology Primary 

Diagnostic 

Utility 

Synergistic Role in 

Integration 

Common 

Sample 

Type(s) 

Genomics Next-Generation 

Sequencing 

(WGS, WES) 

Identifying 

sequence variants 

(SNVs, indels), 

structural 

variants, mtDNA 

variants. 

Provides the 

foundational 

hypothesis. 

Identifies candidate 

genes for functional 

interrogation. 

Blood (DNA), 

Saliva. 

Transcriptomics RNA Sequencing 

(RNA-seq) 

Detecting 

aberrant splicing, 

allele-specific 

expression, gene 

fusions, 

expression 

outliers. 

Validates genomic 

findings. Diagnoses 

disorders of RNA 

processing. Can 

identify pathogenic 

non-coding 

variants. 

Blood 

(PAXgene), 

Skin 

Fibroblasts, 

Tissue Biopsy. 

Proteomics Mass 

Spectrometry 

(Targeted/Discov

ery) 

Quantifying 

protein 

abundance, 

detecting 

truncated 

proteins, 

identifying post-

translational 

modifications. 

Validates functiona

l impact at protein 

level. Diagnoses 

disorders of protein 

stability/trafficking. 

Biomarker 

discovery. 

Plasma/Serum, 

CSF, Tissue, 

Cultured Cells. 

Metabolomics Mass 

Spectrometry 

(LC-MS), NMR 

Profiling small 

molecules to 

identify inborn 

errors of 

metabolism, 

mitochondrial 

disorders, 

biochemical 

signatures. 

Reveals functional 

downstream 

consequences. Can 

diagnose disorders 

with normal 

genomics. Directly 

guides 

dietary/pharmacolo

gical therapy. 

Plasma, Urine, 

CSF, Dried 

Blood Spot. 

Integrative 

Analysis 

Bioinformatics 

Pipelines 

(Network 

Analysis, ML) 

Fusing multi-

omics data to 

build causal 

models, identify 

dysregulated 

pathways, match 

to known 

molecular 

phenotypes. 

Generates a unified 

diagnostic 

hypothesis from 

disparate data. 

Prioritizes variants 

of uncertain 

significance. 

Discovers novel 

disease 

mechanisms. 

Multi-omic 

data matrices 

from same 

individual/coh

ort. 

 

Clinical Impact in Solving Odysseys, Guiding Therapy, and Discovering Biomarkers 

The ultimate test of any diagnostic paradigm is its impact on patient care. Emerging evidence robustly 

demonstrates that multi-omics integration delivers tangible clinical benefits across three key domains: 

ending diagnostic odysseys, personalizing management, and enabling discovery. 
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Multiple studies have shown that the sequential addition of RNA-seq to exome or genome sequencing 

increases diagnostic yield by 10-35% in rare Mendelian diseases, particularly for neurodevelopmental 

disorders and muscular dystrophies (Frésard et al., 2019; Montgomery et al., 2022). This "seq-ing" 

combo directly resolves VUS by demonstrating their functional impact. Integrated proteogenomic 

approaches—combining genomics with mass spectrometry-based proteomics—have successfully 

diagnosed patients with immune deficiencies and muscular disorders where genomics alone was 

inconclusive, by revealing absent or abnormal proteins (Smirnov et al., 2023). Metabolomics is 

routinely diagnostic for many inborn errors of metabolism and is increasingly used to validate and 

subtype mitochondrial disorders identified by genomics (Jans et al., 2022).  

A definitive multi-omics diagnosis often directly informs management. It can identify druggable 

pathways (e.g., mTOR pathway activation in a rare overgrowth syndrome, suggesting sirolimus), 

recommend specific supplements or dietary changes (e.g., B-vitamins for certain mitochondrial defects 

identified by metabolomics), or guide repurposed drug therapy based on the elucidated mechanism. In 

oncology, integrated genomic and transcriptomic profiling is standard for selecting targeted therapies 

and immunotherapies. For rare diseases, this shifts care from generic symptom management to 

mechanism-based intervention. 

Multi-omics is a powerful engine for discovering novel, non-invasive biomarkers. By correlating 

genomic variants with specific proteomic or metabolomic signatures, labs can develop simpler, follow-

up biochemical tests for monitoring disease progression or treatment response. Furthermore, integrating 

omics data from patient cohorts can reveal molecularly distinct subtypes within a clinically 

homogeneous disease, a critical step towards stratified medicine (Subramanian et al., 2020). These 

discovered signatures can later be distilled into targeted assays for routine clinical use. 

 

Integration with Radiology, Health Administration, and Nursing 

The full potential of multi-omics diagnostics can only be realized through deep, systematic integration 

with three critical pillars of the healthcare system: radiology, health administration, and nursing 

(Subramanian et al., 2020). 

 

Correlating Molecular Signatures with Imaging Phenotypes (Radiomics) 

The integration of multi-omics with radiology—often termed “radiogenomics” or “radiomics”—creates 

a powerful diagnostic synergy (Lambin et al., 2017). While omics data reveals the molecular “why,” 

advanced imaging such as MRI, CT, and PET provides the structural and functional “where” and “how 

much.” For rare diseases, specific imaging phenotypes can guide targeted omics testing; for example, a 

distinctive pattern of brain iron accumulation on MRI may directly prompt genetic testing for 

neurodegeneration with brain iron accumulation disorders (Schneider & Bhatia, 2013). Conversely, an 

ambiguous multi-omics finding—such as a variant of uncertain significance in a cardiomyopathy 

gene—can be validated or refuted by precise quantitative imaging metrics of cardiac structure and 

function (Greene et al., 2023). Quantitative imaging features, or “radiomic signatures,” extracted via 

artificial intelligence can serve as non-invasive, in vivo biomarkers that correlate with underlying 

molecular subtypes, enabling disease monitoring without repeated invasive biopsies (Bakas et al., 

2018). Realizing this synergy requires establishing shared data platforms and structured reporting 

protocols where imaging findings and omics data are co-analyzed, moving beyond parallel reporting to 

truly integrated interpretation (Gillies et al., 2016). 

 

Health Administration in Building the Operational and Economic Framework 

Health administrators are the critical enablers for scaling multi-omics from a research endeavor to a 

routine clinical service (Manolio et al., 2022). Their role encompasses strategic planning and resource 

allocation, which involves administering the significant capital investment in sequencing and mass 

spectrometry platforms, high-performance computing infrastructure, and specialized personnel such as 

clinical bioinformaticians and data scientists (Rehm et al., 2021). A key responsibility is reimbursement 

and value demonstration, which entails developing innovative payment models to cover the high upfront 

cost of integrated testing (Payne et al., 2018). This involves conducting rigorous health economic 

analyses to demonstrate long-term cost savings by ending diagnostic odysseys—thereby preventing 

unnecessary tests, hospitalizations, and ineffective treatments (Gonzalez et al., 2023). Advocacy for 

new Current Procedural Terminology codes and value-based bundled payments for diagnostic pathways 
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is essential (Garrison et al., 2023). Additionally, administrators must lead workflow design and 

interoperability efforts, redesigning patient pathways to incorporate multi-omics testing at the 

appropriate juncture and ensuring seamless health information technology interoperability so that omics 

data can flow into the electronic health record in an actionable format accessible to all relevant 

specialists (Overby & Tarczy-Hornoch, 2013). Finally, ethical governance and equity require 

establishing institutional policies for informed consent, data privacy, security, and the reporting of 

incidental findings, with a core administrative responsibility to develop strategies that promote 

equitable access and prevent the creation of a two-tier diagnostic system (Bombard et al., 2019). 

 

Nursing as The Bridge to Precision Patient Care 

Nursing professionals are the essential human interface that translates complex multi-omics diagnoses 

into safe, effective, and compassionate patient care (Calzone et al., 2018). Their evolving role begins 

with pre-test coordination and education, providing clear, compassionate pre-test counseling to explain 

the scope, potential outcomes, and limitations of multi-omics testing, thereby supporting the informed 

consent process (Loeb et al., 2022). Precision specimen management is another critical function, 

ensuring the correct collection, handling, stabilization, and transport of biospecimens critical for 

different omics assays—such as PAXgene tubes for RNA or rapid processing for metabolomics—which 

is fundamental for data quality (Ellervik & Vaught, 2015). Following testing, nurses engage in post-test 

interpretation and care planning, collaborating with genetic counselors and physicians to explain 

diagnostic results to patients and families and helping them understand the implications for their health 

and lifestyle (Buaki-Sogo, & Percival, 2020). They are central to implementing precision management 

plans, such as administering a newly prescribed targeted therapy or educating patients on a specific 

metabolic diet. Finally, longitudinal monitoring and data collection involve monitoring for treatment 

response or adverse events linked to a genomically guided therapy, while also facilitating the collection 

of longitudinal phenotypic data and patient-reported outcomes (Weinshilboum & Wang, 2017). These 

activities are invaluable for refining genotype-phenotype correlations and assessing the real-world 

utility of multi-omics testing (Biesecker & Harrison, 2018). 

 

The Evolving Laboratory Report 

The complexity of multi-omics data necessitates a complete re-imagination of the laboratory report. 

The traditional report, presenting a single analyte value or a list of DNA variants with brief 

interpretations, is insufficient. The integrated multi-omics report is a data-driven narrative that tells the 

diagnostic story (Chierici et al., 2020). It must synthesize evidence from multiple lines of inquiry, weigh 

conflicting data, and present a clear, actionable conclusion (Table 2). 

Key elements of this next-generation report include: 1) A unified summary statement that provides the 

integrated diagnosis or conclusion. 2) A results synthesis section that lays out the evidence, layer by 

layer ("WGS identified a VUS in Gene X. RNA-seq from fibroblasts confirmed aberrant splicing, 

supporting pathogenicity. Targeted proteomics showed the absence of the protein, confirming the 

functional impact.") (Nicora et al., 2020). 3) Visual data integration, such as an integrative genomics 

viewer (IGV) tracks showing genome, transcriptome, and proteomic data aligned, or pathway diagrams 

highlighting the dysregulated node. 4) Clear clinical correlation and management 

recommendations directly linked to the findings. 5) An appendix of detailed data for specialists, 

including access to raw data files in compliance with standards (Ivanisevic & Sewduth, 2023). 

This shift turns the laboratory director and clinical bioinformatician into diagnostic synthesists. Their 

role is to curate and interpret complex data, not merely to validate technical accuracy. It also demands 

new modes of communication with clinicians, often requiring direct consultation to explain the 

integrated findings and their implications. The report becomes a living document that may be re-

interpreted as knowledge evolves, challenging traditional notions of finality in laboratory medicine 

(Canzler et al., 2020).  

 

Table 2: Challenges and Proposed Solutions for Implementing Integrated Multi-Omics 

Diagnostics 

Challenge 

Domain 

Specific Barriers Potential Solutions & Future 

Directions 
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Technical & 

Analytical 

• Lack of standardized, 

validated multi-omics 

bioinformatic pipelines. 

• Difficulties in analytical 

validation of integrated tests. 

• High computational 

storage/processing costs. 

• Sample quality/availability 

for all omics layers. 

• Development of open-source, 

benchmarked software suites (e.g., 

GA4GH standards). 

• Use of reference materials and inter-

laboratory comparison programs. 

• Cloud computing adoption; efficient 

data compression. 

• Biobanking protocols optimized for 

multi-omics. 

Interpretive & 

Clinical 

• "Information overload" for 

clinicians. 

• Lack of training in 

integrated data interpretation. 

• Difficulty establishing 

clinical utility for regulatory 

approval. 

• Managing and reporting 

secondary/incidental findings 

across omics layers. 

• Investment in decision-support tools 

and visualization aids. 

• New curricula for lab professionals and 

genetic counselors. 

• Prospective outcome studies measuring 

impact on diagnosis, management, and 

cost. 

• Development of consensus reporting 

guidelines (e.g., from ACMG, AMP). 

Ethical & Legal • Informed consent for open-

ended, data-rich testing. 

• Data ownership, privacy, 

and security of highly 

identifiable multi-omics data. 

• Potential for discrimination 

(employment, insurance). 

• Equity of access due to high 

cost and complexity. 

• Dynamic, tiered consent models 

allowing patient choice in data use. 

• Strong encryption, federated learning 

models to analyze data without 

centralizing it. 

• Advocacy for robust legal protections 

(e.g., GINA expansion). 

• Development of cost-reduction 

strategies and advocacy for insurance 

coverage. 

Economic & 

Operational 

• Very high per-test costs 

with unclear reimbursement. 

• Need for new laboratory 

roles (clinical 

bioinformatician, data 

scientist). 

• Long turnaround times for 

complex analyses. 

• Intellectual property issues 

around algorithms and 

databases. 

• Health economic analyses to 

demonstrate long-term cost savings from 

ending odysseys. 

• Development of innovative payment 

models (e.g., bundled payments for a 

diagnostic pathway). 

• Automation of pipeline steps; 

investment in workforce development. 

• Promotion of open-science and data-

sharing consortia. 

 

Ethical, Legal, and Economic Implications 

The implementation of multi-omics diagnostics extends beyond technical hurdles into profound ethical, 

legal, and economic territory. Ethically, informed consent becomes vastly more complex (Lee & Lee, 

2022). How does one adequately consent a patient for a test that may generate millions of data points, 

with implications across their genome, transcriptome, and metabolome, many of which are not fully 

understood? Traditional consent is inadequate; there is a shift towards dynamic or tiered consent models 

that enable patients to have ongoing choice about how their data is used, stored, and re-analyzed (Kaye 

et al., 2015). The management of incidental findings is magnified; a metabolomic screen for a metabolic 

disorder might reveal evidence of an unrelated cancer, while proteomics could suggest a previously 

unknown immune condition. Clear, pre-test protocols outlining the findings that will be reported are 

essential (Zenker et al., 2022).  

Legally, issues of data ownership, privacy, and security are paramount. Multi-omics data is the ultimate 

personally identifiable information. Robust cybersecurity and clear policies on data sharing for research 
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are non-negotiable. There is also a significant risk of exacerbating health inequities. These advanced 

tests are expensive and require sophisticated infrastructure, potentially creating a two-tier system where 

only the wealthy or well-insured can access them, widening existing diagnostic disparities (Manolio et 

al., 2022). 

Economically, the model is challenging. The upfront costs of equipment, bioinformatics infrastructure, 

and specialized personnel are enormous (Bouttell et al., 2022). Current reimbursement structures, 

designed for single-analyte tests, are ill-suited to value-based payment for a comprehensive diagnostic 

evaluation. Demonstrating cost-effectiveness is crucial. While the per-test cost is high, a successful 

multi-omics test that ends a years-long odyssey may prevent countless unnecessary consultations, 

imaging studies, and ineffective treatments, yielding substantial long-term savings for the healthcare 

system (Gonzalez et al., 2023). New economic models, such as bundled payments for a diagnostic 

pathway or value-based contracts, must be developed to support sustainable implementation (Payne et 

al., 2018). 

 

Conclusion and Future Directions 

The integration of multi-omics data within the medical laboratory represents a paradigm shift from 

reactive, siloed testing to proactive, systems-based diagnosis. This approach offers a powerful and 

ethical shortcut out of the diagnostic odyssey for countless patients with rare and complex diseases, 

providing not just a diagnostic label but a mechanistic understanding capable of guiding targeted 

therapy. While the evidence for its diagnostic utility is compelling and continues to grow, the path to 

routine clinical implementation is strewn with interdependent challenges that extend far beyond the 

laboratory walls. Success is contingent upon parallel advancements and deep collaboration across the 

entire healthcare ecosystem. Consequently, the medical laboratory must evolve from a mere producer 

of data into the integrative hub of a new diagnostic paradigm.  

This transformation necessitates: (1) Technical Synthesis, through the development of standardized, 

clinically validated, and reproducible bioinformatic pipelines; (2) Clinical-Radiological Correlation, by 

forging formalized pathways for the integrated interpretation of omics data with quantitative imaging 

phenotypes to create a more complete picture of disease; (3) Administrative Enablement, which 

involves partnering with health administrators to build sustainable economic models, efficient 

workflows, and governance structures that recognize the long-term value of precise, timely diagnosis 

and ensure equitable access; and (4) Nursing Integration, by empowering nursing professionals with the 

knowledge and tools to serve as the critical bridge, translating complex molecular findings into 

precision care plans, patient education, and longitudinal monitoring.  

The future medical laboratory will therefore function as the core of a multidisciplinary Integrated 

Diagnostic Unit (IDU), where data from the genome to the metabolome are fused with imaging and 

clinical data to generate actionable health intelligence. Achieving this vision will require breaking down 

traditional departmental silos, forging deeper collaborations with radiology, administration, and 

nursing, and embracing a culture of continuous learning and adaptation. By leading this collaborative 

transformation, the laboratory can fulfill its highest potential: to illuminate the darkest corners of human 

disease and translate that light into personalized, effective, and compassionate pathways of care, finally 

bringing the diagnostic odyssey to an end. 
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والذي يتميز بالاختبارات المطولة والمكلفة   —يعُد مسار التشخيص الطويل للمرضى الذين يعانون من أمراض نادرة ومعقدة  :الخلفية

المتعدد الأوميكس داخل المختبر    —وغالباً غير الحاسمة   بيانات  يعد تكامل  التقليدية المعزولة.  التشخيصية  في الأساليب  كبيراً  فشلاً 

 .طي من التحليل الجيني التسلسلي جيناً بجين إلى نموذج تشخيصي شامل قائم على علم الأحياء النظميالسريري وعداً بتحول نم

تهدف هذه المراجعة السردية إلى تلخيص الأدلة الحالية حول التقارب وتكامل منصات المتعدد الأوميكس داخل المختبر الطبي  :الهدف 

 .المتقدم

البيانات :الطرق قواعد  في  منهجي  بحث  أجُري  تكاملية.  سردية  مراجعة  منهجية  استخدام  وPubMed  ،Scopus تم   ،Web of 

Science  2024و 2010للأدبيات المنشورة بين عامي. 

% مقارنة بتسلسل الإكسوم  40- 10يظُهر تكامل المتعدد الأوميكس زيادة ملحوظة في العائد التشخيصي للأمراض النادرة بنسبة   :النتائج 

وحده، خاصة في الاضطرابات التي تشمل المتغيرات غير المشفرة، وعيوب الربط، وخلل التنظيم الوراثي فوق الجيني. ومع ذلك، تظل  

بملكية هناك عوائق رئيسية: غياب إطا المتعلقة  الكبيرة  التكاليف، والتحديات الأخلاقية  التفسير، وارتفاع  رات تحليلية موحدة، وتعقيد 

 .البيانات، والنتائج العرضية، والتفاوتات الصحية

يمثل تكامل المتعدد الأوميكس طليعة التشخيص الدقيق، مقدمًا اختصارًا قوياً لإنهاء عدم اليقين التشخيصي. يتطلب نقل هذا  :الخاتمة 

وإطارات   مبتكرة،  تعويض  ونماذج  بيوإنفورماتيكية مصدقة،  ومعايير  كفاءات مخبرية جديدة،  تطوير  الروتينية  الممارسة  إلى  النهج 

 .قلالية المريض. يجب أن يتطور المختبر الطبي من مزود لنتائج منفصلة إلى أمين لروايات بيولوجية معقدةأخلاقية تعطي الأولوية لاست 

 .متعدد الأوميكس؛ مسار التشخيص الطويل؛ طب النظم؛ بيوإنفورماتيكس سريرية؛ تشخيص متكامل؛ أمراض نادرة :الكلمات المفتاحية
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