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Executive Summary

Molecular pathology is the cornerstone of precision medicine, integrating genomic, proteomic, and digital data to enable
patient-specific diagnoses and treatments. The growing scale and complexity of molecular data have driven the
development of sophisticated software platforms for data management and Al-driven analysis. These platforms
encompass laboratory information management systems (LIMS) tailored for next-generation sequencing (NGS)
workflows, data repositories for integrating multi-omics and imaging data, and Al/ML analysis tools that extract
diagnostic and prognostic insights. The convergence of digital pathology (high-resolution slide imaging) with molecular
diagnostics has yielded novel hybrid approaches — for instance, Al models applied to histology images can predict
underlying genetic mutations, guiding targeted testing faster than standard genomic assays ('

5
www.insideprecisionmedicine.com) (VJ pmec.ncbi.nim.nih.gov).

Data management systems for precision medicine must handle hundreds of variables from disparate sources,
synchronize data across multiple centers in real time, and comply with privacy regulations (° journals.plos.org). Innovative
solutions such as ORTEC's LogigSuite exemplify this paradigm: in one study it supported multi-institutional cancer and
cardiology projects by unifying clinical, laboratory and research data into a single platform for analytics and Al model
development (! journals.plos.org) (“) journals.plos.org). Similarly, open-source informatics tools like the University of
Chicago’s SIMPL were designed specifically for clinical NGS labs to manage end-to-end workflows, reducing reliance on
cost-prohibitive or misaligned commercial systems (*°/ pmc.ncbi.nim.nih.gov).

On the Al analysis side, specialized platforms and algorithms automate complex tasks. Examples include ML models for
variant calling and interpretation, convolutional neural networks for tissue image analysis, and knowledge-based systems
that annotate tumor mutation profiles. Notable industry efforts highlight these advances: for example, Lunit (Seoul)
developed an Al “genotype predictor” to screen standard H&E slides for lung cancer by inferring driver mutations like
EGFR, offering a rapid and cost-saving adjunct to genomic testing ("' www.insideprecisionmedicine.com). Likewise,
collaborations between companies such as Owkin and Proscia aim to integrate Al-based microsatellite-instability (MSI)
detection into digital pathology workflows for colorectal cancer, streamlining a previously laborious molecular test (I°

www.insideprecisionmedicine.com).

Overall, the molecular pathology software ecosystem — spanning LIMS, data warehouses, and Al analytics — is rapidly
evolving. Today’s platforms are used by leading cancer centers and pharmaceutical companies to accelerate biomarker
discovery and improve diagnostic accuracy (I’ g-medtech.com). The global market reflects this growth: molecular
diagnostics was roughly $15-17 billion in 2023—-2024 and is projected to exceed $32 billion by 2029 (*
www.insideprecisionmedicine.com). As these tools mature, they promise to deepen our understanding of disease biology,
reduce diagnostic delays, and enable truly personalized care. However, challenges remain in data integration,
standardization, and validation. This report provides a comprehensive analysis of the state of molecular pathology
software, examines representative case studies, and discusses future directions for integrating data management and Al
in precision medicine.

Introduction and Background

Molecular pathology — the study and diagnosis of disease through analysis of nucleic acids, proteins, and metabolites —
has become integral to modern medicine. Precision medicine leverages these molecular insights to tailor therapies to
individual patients. Foundational diagnostics such as fluorescence in situ hybridization, PCR, and next-generation
sequencing (NGS) now routinely inform the care of cancers, inherited disorders, and infectious diseases. Concurrent
advances in digital pathology (whole-slide imaging) and computational power have created unprecedented data volumes.
For example, a single whole-genome sequence can generate hundreds of gigabytes of raw data, and a single digitized
tissue slide can be tens of gigabytes as well. The synergy of these modalities has shifted clinical workflows: pathologists
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and geneticists must integrate histology, molecular profile, and clinical context to formulate diagnoses and treatment
plans.

This explosion of data necessitates robust data management systems. Traditional laboratory information systems (LIS)
often lack modules for complex NGS workflows or image data, leading many molecular labs to rely on spreadsheets,
siloed tools, and manual tracking (°! www.sciencedirect.com) (*% pme.nebi.nim.nih.gov). These ad-hoc methods quickly
become unsustainable as test volumes rise. Early surveys of molecular laboratories found that no off-the-shelf software
could fully meet their needs (**/ www.sciencedirect.com). For example, the Cleveland Clinic’s Molecular Pathology Section
reported migrating from an Excel-and-paper system to a custom LIMS because commercially available software could not
handle their combination of high-throughput genomic assays, variant interpretation, and reporting tasks (**
www.sciencedirect.com). This modernization involved deploying a cloud-connected LIMS, bespoke bioinformatics tools,
and new workflow management, effectively bridging the gap between lab bench and diagnostic report (\**

. . 0O . .
www.sciencedirect.com) (! www.sciencedirect.com).

In precision medicine, data points include genomic variants (from targeted panels to whole exomes/genomes),
transcriptomic or proteomic profiles, digital histology images, laboratory values, and patient phenotypes. As one recent
review notes, “understanding a patient’'s metabolomic and genetic make-up in conjunction with clinical data will
significantly lead to determining predisposition, diagnostic, prognostic, and predictive biomarkers” ('*!
humgenomics.biomedcentral.com). In practice, this means integrating EHR records with laboratory and research databases.
For example, researchers may correlate a tumor’s mutational profile with outcomes data across many patients to identify
new prognostic markers. A survey by Amazon Web Services (AWS) highlights this trend: organizations are increasingly
using cloud services to store, query and analyze genomic and other ‘omics data, shifting away from local infrastructure

(3 aws.amazon.com)(™** www.fiercehealthcare.com).

The data management challenges are multifaceted. Incremental clinical data (vital signs, lab tests), radiological images,
and pathologic findings must join with batch-generated molecular data. A precision medicine data platform must support
multi-site collaboration, real-time analytics, and regulatory compliance. Available systems must capture hundreds of
parameters per patient and remain synchronized across locations (°! journals.plos.org). Notably, corporate EHR vendors
(e.g., Epic, Cerner) focus on clinical data flow, whereas research consortia need shared data lakes and analytic
sandboxes. The emerging solution is a hybrid Medical Data Management System (MedDMS) design, exemplified by
ORTEC's LogigSuite. LogiqSuite comprises modules for clinical care (LogiqCare), research (LogigqScience), and analytics
(LogigAnalytics), enabling institutions to record study data like electronic case report forms, conduct multi-center trials,
and feed data into Al models ([3| journals.plos.org) ([4‘ journals.plos.org).

Alongside data handling, Al and machine learning (ML) offer powerful analysis techniques. Computational pathology
tools can process gigapixel images and genomic sequences, uncovering patterns beyond human perception. For
example, deep learning algorithms now assist with cancer subtyping, quantifying biomarker expression, and even
predicting gene mutations directly from tissue morphology. Simultaneously, ML models support genomic interpretation,
such as predicting the pathogenicity of gene variants or matching patients to therapies via molecular tumor boards.
These Al-driven approaches complement human expertise: as O’Leary et al. observe, emerging Al software helps
geneticists and pathologists integrate lab results with clinical data, but clinicians must be able to trust and understand Al
outputs (*°) pme.nehi.nim.nih.gov).

In the sections that follow, we explore the current landscape of molecular pathology software. We examine systems for
data capture and management in molecular labs, platforms for integrating diverse biomedical data, and Al-based
analytics tools that drive precision medicine. We highlight representative case studies and real-world implementations,
and we discuss challenges (technical, regulatory, and organizational) as well as future implications of these technologies
in personalized healthcare. All claims and statistics below are supported by peer-reviewed studies, industry reports, and
expert sources.

1. Data Management in Molecular Pathology
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1.1 Types and Scale of Molecular Data

Modern molecular pathology laboratories generate a wide variety of data: genomic (DNA/RNA sequences), proteomic
(mass-spec profiles), epigenomic (methylation arrays), as well as phenotypic and imaging data. For example, lllumina
and other sequencers can produce terabytes of raw sequence reads per run, and a single patient’'s genomic report may
contain thousands of variants. Unlike conventional pathology, where anatomic slide images and textual reports dominate,
molecular pathology involves large, structured datasets that require specialized handling.

The large scale of these data poses storage and computational burdens. A 2020 industry report noted that falling
sequencing costs (now roughly $200/genome compared to $100 million in 2000 (“° www.grandviewresearch.com)) have
made large-scale genomic testing routine. However, cheaper sequencing has driven volumes up: hospitals and labs now
routinely handle thousands of genomic samples per year. Complementary multi-omics (e.g. transcriptomics, proteomics)
further expand data needs. When thousands of patients’ omics data are analyzed collectively, this can involve petabytes
of information (*”) aws.amazon.com). As a result, precision medicine initiatives often rely on cloud-based infrastructure.
Amazon Web Services (AWS) launched Amazon Omics in 2022 — a managed service specifically for storing, querying,
and analyzing genomic and other omics datasets (“3] aws.amazon.com). Such platforms abstract away infrastructure

concerns, automatically scaling compute resources and providing secure, auditable data stores for sensitive health data.

1.2 Laboratory Information Management Systems (LIMS) and
LIS

To handle this complexity, molecular labs have adopted specialized Laboratory Information Management Systems
(LIMS) and LIS tailored for genomic assays. Traditional LIS (designed for chemistry or histology labs) often lack fields for
molecular-specific metadata. For instance, they may not capture barcode sample multiplexing or track pipeline versions.
This gap has led many labs to customize or build new systems.

One exemplar is SIMPL (“System for Informatics in the Molecular Pathology Laboratory”), an open-source LIMS
developed at the University of Chicago for NGS workflows (°/ pmec.ncbi.nim.nih.gov). SIMPL was designed to manage the
entire NGS pipeline from test orders through reporting. It organizes patient and specimen data, tracks multi-step
sequencing workflows (including library preparation and batch pooling), integrates bioinformatics pipelines, and stores
variant interpretations. SIMPL’s modular architecture handles the unique challenges of NGS: for example, it records
reagent barcodes and library pools to prevent mix-ups, and it logs the version of each bioinformatics pipeline used for a
case. After implementation in Chicago and at the University of Colorado, SIMPL demonstrated that a free system could
support end-to-end clinical NGS lab operations (*° pmc.nchi.nim.nin.gov) (**
without such a system, labs often default to “spreadsheets and e-mails” to organize data, which become insecure and

pme.ncbi.nim.nih.gov). The authors note that

unwieldy as volume grows (*°) pme.ncbi.nim.nih.gov).

In a 2022 case study, Cleveland Clinic’'s Molecular Pathology section described its transition from paper and Excel to a
comprehensive, custom LIMS-based solution (*° www.sciencedirect.com) (°° www.sciencedirect.com). They integrated a
commercial LIMS application, a separate bioinformatics platform, and custom reporting software. This “fits-all” approach
was necessary because surveys of existing products found none that met the complex needs of molecular diagnostics
(1 wwwsciencedirect.com). By partnering clinicians with software engineers, the lab replaced manual steps with
automated workflows. In their words, “Conventional laboratory information systems have historically not
supported... the needs of molecular pathology” to the extent required (°! www.sciencedirect.com). The new system
now manages test orders, workflows, and data flows for a growing menu of genomic, cytogenetic, and targeted assays.

Commercial LIMS vendors have also entered this space. Examples include NovoPath’s MolecularLIS and Thermo
Fisher’s Core LIMS with NGS modules. These systems often emphasize regulatory compliance (e.g. CAP/CLIA) and
large-throughput instruments. However, even with vendor solutions, customization is common to capture all the molecular
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data elements and to interface with sequencing machines and analysis software. For small or academic labs, open-
source and homegrown systems (like SIMPL) remain attractive to avoid high costs and to permit rapid adaptation.

1.3 Integration with Clinical and Research Data

A key requirement in precision medicine is multi-source data integration. Molecular labs rarely work in isolation; their
findings must link back to clinical histories, imaging records, and research databases. For example, a cancer patient’s
tumor sequencing results should inform (and be informed by) pathology slide reviews and treatment outcomes. This need
has driven platforms that bridge clinical care and research.

One approach is the Medical Data Management System (MedDMS) architecture proposed by Jacobs et al. (ORTEC)

( ). Their LogiqSuite platform exemplifies a unified framework: LogigCare captures patient-level clinical
data, LogiqScience handles study-specific data, and LogigAnalytics provides real-time dashboards and feeds ML model
training. In evaluation across multiple oncology and cardiology pilot projects, LogiqSuite enabled real-time e-case-report
form entry in a long-COVID study, integrated disparate AML trial data for analytics, and linked CAR-T cell manufacturing
data with patient outcomes ( ) ( ). Importantly, the system was designed from the
ground up to comply with GDPR and privacy-by-design principles ( ). The team emphasizes that such a
system “allows multi-center data collaboration, sharing of new data, and provides data ready for machine learning” (

).

Data integration also occurs at the knowledge level. Numerous public databases and clinical decision support tools
aggregate molecular information: OncoKB (Memorial Sloan Kettering), CIViC (community-curated variant
interpretations), ClinVar (NIH variant database), and others. These knowledge bases serve as back-ends for software
platforms. For instance, after a tumor is sequenced, a decision-support tool may automatically query OncoKB and CIViC
to contextualize each mutation’s significance ( ) ( ). Many molecular lab
software suites incorporate these knowledge sources via APIs, ensuring that variant annotation is up-to-date with the
latest clinical evidence.

In practice, integration challenges persist. Standards like HL7 FHIR (Fast Healthcare Interoperability Resources) are
being adapted for genomics, but adoption is incomplete. Pathologists often generate semi-structured reports (free text
with gene lists) that are hard to parse by machines. Efforts such as structured reporting templates (e.g. the CAP Cancer
Protocols) and global initiatives (GA4GH standards) aim to improve interoperability. Nevertheless, current workflows often
rely on manual or semi-automated data hand-offs. For example, after NGS analysis, a technologist may export a
spreadsheet of variant calls and email it to an oncologist. The complexity of multi-omics data—ranging from raw FASTQ
files to high-level clinical interpretations—demands continued innovation in integrative platforms.

2. Al and Machine Learning in Molecular
Pathology

2.1 Overview of Al Applications

Atrtificial intelligence (Al) and machine learning are revolutionizing many aspects of molecular pathology. Broadly, two
domains have emerged:
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« Morphological Al (Digital Pathology): Applying computer vision and deep learning to histopathology and cytology images. This includes
tasks like tumor detection in slides, quantifying biomarkers (e.g. Ki-67, PD-L1), and identifying subtypes. Novel applications even predict

molecular features (mutations, expression signatures) from images, blurring the lines between histology and genomics ([l]

www.insideprecisionmedicine.com) ([2] pmec.ncbi.nim.nih.gov).

« Genomic Al (Computational Genomics): Using ML to analyze DNA/RNA sequence data. Key uses include improved variant calling
(filtering sequencing errors), variant annotation and prioritization, and multi-omics integration (combining genomics, transcriptomics, etc.,
to predict outcomes). Al is also applied to non-sequence molecular data like proteomics and metabolomics.

These categories often converge in multimodal Al platforms that take both image and sequence inputs. For instance,
an Al-driven tumor board tool might consider both a pathology slide and a genetic profile to suggest diagnoses or
therapies.

As one review observes, Al in molecular pathology is heterogeneous, encompassing tasks from karyotype analysis to
protein structure prediction (*’ pmc.nchi.nim.nin.gov). Table 2 (below) highlights select Al tasks relevant to precision

pathology.
Al Application Description Example/Source
Lunit's SCOPE Genotype Predictor for NSCLC driver mutations (‘ 1
Histology-based mutation Al models infer genomic mutations (e.g. www.insideprecisionmedicine.com X .
prediction EGFR, ALK) from routine H&E images. . 8 . ); Imagene Al predicted EGFR mutation from lung cancer histology
with 2-min analysis J ] pmc.ncbi.nim.nih.gov.
6
Al to detect microsatelite instability (MSI) in Owkin's MSintuit v2 integrated into Proscia Concentriq to automate CRC MSI screening ([ g
MSI detection in pathology tumor images, replacing or triaging

expensive molecular tests. www.insideprecisionmedicine.com).

N , . Deep learning algorithms to improve . . .
Variant calling and filtering . (Emerging tools like DeepVariant, Clair3; see reviews).
accuracy of NGS variant calls.

Variant ML systems to rank which of many genetic Knowledge bases/internets like OncoKB/CIVIC provide curated data ([26] pmc.nc bi.nlm.nih. JOV); tools like

. . I . Jikel h . .
interpretation/prioritization variants are likely pathogenic or actionable QIAGEN's Ingenuity or Tempus’s Al annotate variants.

Prognostic modeling (gene ML models using transcriptomic (or multi- [27]

. . . . E.g. expression-based classifiers for cancer prognosis ( pmc.ncb\.n\m . mh.gO\/)_
expression) omic) profiles to predict outcomes.
Tissue-of-origin identification Al algorithms predict primary site in cancers X [27] sme.ncbi.nlm.nih.qov
(cup) of unknown origin using genomic data. Al models applied to sequencing data to suggest tumor type ( f . . . .gov).

Table 2: Examples of Al applications in molecular pathology. Citations indicate selected implementations or reviews.

These Al applications rely on extensive datasets and careful validation. In genomics, for example, the Association for
Molecular Pathology (AMP) and College of American Pathologists (CAP) have established guidelines for validating
bioinformatics pipelines (which increasingly include Al components) to ensure clinical accuracy () pmc.nchi.nim.nih.gov).
The O’Leary et al. perspective emphasizes that clinicians should remain able to evaluate Al outputs, given that models
(especially deep neural nets) can act as “black boxes” (°° pmc.nchi.nim.nih.gov). Explainability and human oversight are
active areas of research in medical Al.

2.2 Al in Digital Pathology (Imaging)

Digital pathology platforms transform glass slides into high-resolution images (often gigapixel whole-slide images, WSI)
that can be analyzed by computer. In recent years, dozens of Al tools have been developed to assist pathologists. Many
fall into research-use categories, but some have entered clinical practice under regulatory approval.

Pattern recognition: Al can detect tumors, grade cancer, and quantify cell features. For instance, convolutional neural
networks (CNNs) have been trained to identify metastatic cells in lymph nodes or to segment tumor regions in biopsy
slides. These tools increase pathologist efficiency by allowing automated pre-screening of slides. A recent systematic
review found that Al in digital pathology can achieve diagnostic accuracies comparable to experts in many tasks ("

www.hature.com).
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Biomarker quantitation: Al is used to score immunohistochemistry (IHC) stains. For example, algorithms can quantify
HER2 or PD-L1 expression in breast cancer tissue. Such quantification is less subjective than human scoring, improving
reproducibility. Several FDA-cleared image analysis products target IHC biomarkers.

Genotype prediction: A groundbreaking development is using image analysis to predict molecular alterations. The Lunit
SCOPE Genotype Predictor (in partnership with AstraZeneca) was specifically mentioned in industry press as an Al tool
that analyzes H&E slides to predict NSCLC driver mutations (e.g. EGFR) (I www.insideprecisionmedicine.com). In one
cited Al-driven case report, an Israeli team used Imagene Al on lung cancer slides; within 2 minutes the Al flagged a high
likelihood of an EGFR mutation. Guided by this result, clinicians performed a confirmatory molecular test on the
remaining tissue, finding the EGFR L858R mutation (“®/ pmc.ncbi.nlm.nih.gov). This rapid “screen-and-test” approach
exemplifies how Al on pathology images can optimize use of limited specimens and accelerate targeted therapy
decisions.

Pathomics and Radiogenomics: Al analysis is also applied to multiplexed fluorescence or radiologic images combined
with tissue data (so-called pathomics and radiomics). These fields use ML to extract morphological or radiographic
features that correlate with underlying genotypes or patient outcomes. For example, CNNs have been trained to predict
microsatellite instability (MSI) status purely from pathology slide texture, a technique that can avoid a separate lab assay

([b‘ www.insideprecisionmedicine.com).

By shifting pathology toward digitization, these Al tools aim to address workforce shortages and rising caseloads. As
Proscia’s CEO noted, pathology underlies “up to 70% of clinical decisions”, yet many labs still rely on telescopes and
microscopes (°? g-medtech.com). Large digital pathology platforms (e.g. Proscia’s Concentrig, Paige’s software, Aiforia’s
suite) store images and run Al pipelines, linking them to clinical context. For instance, Proscia’s Concentriq is deployed
by most pharmaceutical companies and processes over 22,000 diagnoses daily ([71 g-medtech.com). New investments
(e.g. Proscia’s $50M Series F) are accelerating integration with hardware vendors (e.g. Agilent scanners, Siemens) and
expanding their Al models for biomarker discovery (°° g-medtech.com).

2.3 Al in Genomic and Multimodal Analysis

Beyond images, Al is deeply involved in processing and interpreting molecular data:

« Variant Calling and Analysis: Deep learning models have been applied to improve accuracy of detecting somatic variants from raw
sequence reads. For example, Google’s DeepVariant and related tools use neural networks to refine variant calls, especially in difficult
genomic regions. Al-based callers are particularly helpful for long-read sequencing (PacBio, Oxford Nanopore) where radiometric noise is
high. While not cited here, numerous studies have benchmarked deep-learning callers as outperforming traditional methods under certain
conditions.

« Variant Effect Prediction: Tools like VarSome, REVEL, and other ensemble predictors use ML to estimate pathogenicity of novel
missense variants. Large language and graph models (e.g. AlphaMissense) are also emerging to predict effects of thousands of

mutations in a single protein (L34J pme.ncbi.nim.nih.gov), aiding the interpretation of variants that may not have been observed clinically.

+ Genomic Data Integration: Advanced algorithms (including graph neural networks) are used to integrate multi-omics data from the same
patient. For example, combining DNA variants, RNA expression, and copy-number changes to cluster patients into subtypes can reveal
insights that single-data-type analyses miss. Researchers are developing computational foundation models that ingest large-scale

genomic and clinical datasets to learn latent representations useful for many tasks (BSJ pmc.ncbi.nim.nih.gov).

« Clinical Decision Support (Molecular Tumor Boards): A key use-case is supporting multidisciplinary tumor board decisions. Al can
match a patient’'s molecular profile to clinical trials or to known drug biomarkers. The Japanese RIKEN/AIST group’s work illustrates this:
they built an Al-based knowledge framework that ingests a large literature corpus, clinical gene panels, and expert rules to provide
treatment suggestions ([25‘ pmec.ncbi.nim.nih.gov). Such platforms often combine NLP to read studies with curated knowledge (e.g.
OncoKB) and statistical models trained on past cases.

« Phenotype Prediction: Al is used to predict disease traits from genetic profiles. For instance, algorithms can compute polygenic risk
scores or predict gene-disease associations from exome data. Large biobank studies often use ML to link genotype clusters to health
outcomes.
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+ Workflow Automation: At a more logistical level, Al aids in automating lab tasks. Natural language processing (NLP) can extract data
from pathology reports into databases, and robotic scheduling algorithms optimize sequencing queues. Al-driven quality control flags
potential sample swaps or contamination events by anomaly detection.

The integration of Al into molecular pathology requires careful validation. The report by O’Leary et al. stresses that
pathologists and laboratory scientists must understand biases and limitations of these systems (*°! pmc.ncbi.nlm.nih.gov).
Regulatory bodies (FDA, EMA) are beginning to issue guidance on Al in diagnostics. For example, the FDA maintains a
publicly available registry of Al/ML-based medical devices in radiology and pathology. Ensuring patient safety and data
privacy while fostering innovation remains a key balance.

3. Platforms and Tools: Examples and
Comparisons

The software landscape for molecular pathology includes both commercial and academic offerings. Below are
representative categories and solutions, as summarized in Table 1. These examples illustrate the diversity of approaches
in data management and analysis.

Platform / Software Category Key Capabilities

)
Multi-center Data Integrated patient/research data capture; real-time analytics; supports clinical care, consortia research, and ML/Al model development ([“']
LogiqSuite (ORTEC)

Mgmt : . .
9 jour nals.plos.or ). Used for CAR-T, COVID and cardiology trials.
. 5
SIMPL (Univ. of NGS LIMS (Open- End-to-end management of clinical NGS workflows (from sample accession to reporting) (M pmc.ncbi.nlm.nin.gov); modular design for panel
Chicago) source) . .
sequencing; free for academic use.
SOPHiA DDM Genomic Analysis Al-driven |merprela!|on”(()‘f NGS panels; federated learning network spanning hospitals; supports cancer variant analysis (e.g. homologous recombination
(SOPHiA Gen) Platform deficiency detection ([“ 0l ir.sophiagenetics.comy).
a7
Tempus Clinical Genomic Sequencing Cloud-native sequencing and analysis; large multi-modal database; supports Al discovery (collaborations with NYU, Northwestern) (L‘) ]
G i Lab H . 3 -
enomics @ investors.tempus.com, &B8¥linvestors.tem PUS.COM). Offers integrated pathology/genomics reports.
Digital Pathology Management of whole-slide images; suite of Al applications for slide analysis; used by pharma and hospitals; enables biomarker discovery and diagnostics
Proscia Concentriq [33] [71
Platform with Al embeddings (' 0-medtech.comy '’ g-medtech.com.
. . 13
Amazon Omics Cloud Genomics Scalable cloud service for storing, querying, and analyzing genomic & multi-omics data (ll“’J aws.amazon.com); automates infrastructure
(AWS) Integration

management; used in research projects (e.g., CHOP).

Although not clinical software, widely used open portal for integrative analysis of large cancer genomics datasets (TCGA, etc.); includes tools for

cBioPortal Research Data Portal ) )

visualization and co-occurrence exploration.
Custom LIMS (e.g., Laboratory Commercial LIMS tailored to molecular labs; supports sample tracking, result entry, instrument interfacing, billing; customizable modules for different
NovoPath) Information System assays.

Table 1: Examples of software platforms used in molecular pathology for data management and Al analysis.

Laboratories often combine several of these tools. For instance, a cancer center might use a LIMS to log samples
(NovoPath or SIMPL), a genomic analysis platform for variant calling (SOPHIA, lllumina BaseSpace, or local pipelines), a
digital pathology system for microscope slides (Proscia or Leica imaging), and integrate results into a custom clinical
portal. Some companies aim to unify these functions: for example, SOPHIA Genetics’ network connects lab data across
sites with their Al analytics, while Tempus provides end-to-end sequencing services and research—clinical data platforms.

3.1 Case Study: Integrated Precision Medicine Platform
(LogiqSuite)
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Jacobs et al.’s 2025 study of ORTEC's LogiqSuite provides a concrete example of a modern MedDMS in action (!
journals.plos.org). LogigSuite was used in seven pilot projects across disciplines:

« Pulmonology/COVID (P402 Trial): Implemented as an electronic case report form (eCRF) for long-COVID and
pulmonary disease trials. It facilitated real-time data capture and monitoring through an online dashboard. (%

pubmed.ncbi.nlm.nih.gov) ([21] journals.plos.org).

o Acute Myeloid Leukemia (AML) Study: Integrated data from multiple pre-existing databases (e.g. lab results,
clinical records) into a unified schema. This aggregation allowed researchers to quickly run descriptive analytics
across trial arms (LZlJ journals.plos.org).

« CAR-T Cell Therapy Projects (AIDPATH): Used LogigCare to record patient data and LogigScience for CAR-T
production data. LogigAnalytics then enabled ML model development for predicting patient response. The platform
linked clinical parameters with cell product attributes to refine manufacturing and therapy protocols (*°

journals.plos.org) ([22] journals.plos.org).

« Cardiovascular Risk (U-Prevent) and Stroke Triage: LogiqSuite captured decision-support tool outcomes in real
time during patient care settings, ensuring data could be analyzed retrospectively.

In all these cases, LogigSuite’s combination of data capture, governance, and analytics modules allowed clinicians
and researchers to collaborate efficiently. The authors highlight that such a platform must be “certified and compliant with
international medical data and privacy legislation”, and must enable data sharing across institutions (I°! journals.plos.org).
Through this case study, one sees how a thoughtfully designed MedDMS can unify molecular diagnostics, advanced
therapies, and clinical decision support within a precision medicine ecosystem.

3.2 Case Study: Cloud-Based Genomic Data Management
(Amazon Omics)

A different approach is illustrated by the Amazon Omics service. Launched by AWS in 2022, Amazon Omics addresses
raw data and pipeline scalability in the cloud (*°! aws.amazon.com). For example, the Children’s Hospital of Philadelphia
(CHOP) reports using Amazon Omics to power its genomics research infrastructure (“*/ www.fiercehealthcare.com). By
leveraging Omics, CHOP researchers can upload sequencing data to an AWS-managed repository, run standardized
analysis pipelines at scale, and share results securely. The AWS blog explains that Omics “automatically provisions and
scales the underlying cloud infrastructure,” allowing scientists to focus on analysis rather than IT maintenance (*°
aws.amazon.com). This model has influenced enterprise adoption of cloud in clinical labs: hospitals no longer need to
house their own on-premises clusters for sequencing. Instead, they use compliant cloud services that handle the complex
ETL (extract-transform-load) steps for genomic data (**! aws.amazon.com) (“?) www.fiercehealthcare.com).

3.3 Case Study: Al-Guided Diagnostic Decision (Lunit &
Imagene)

On the analysis side, two real-world examples underscore Al’s clinical potential. Lunit, a South Korean Al company,
announced a collaboration with AstraZeneca to use its Al model (Lunit SCOPE) as a pre-screening tool for NSCLC
patients (" vwww.insideprecisionmedicine.com). The model analyzes standard histology slides and predicts the presence of
common driver mutations like EGFR or ALK. In practice, this could route patients to expedited molecular testing if a
mutation is predicted, or help select patients for clinical trials. As Lunit's CEO noted, integrating such Al screening into
pathology workflows aims to “improve the opportunity for patients to benefit from targeted therapy” and make diagnostics

faster (‘43] www.insideprecisionmedicine.com).
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Similarly, the Israeli case report by Waissengrin et al. (2023) describes using Imagene’s “real-time algorithmic solution”
on lung cancer slides ( ). Years of algorithm training enabled their system to detect patterns
associated with EGFR mutations. In the reported cases, the Al was run on digital H&E images and flagged an EGFR-
positive result in under 2 minutes. This finding prompted confirmatory genetic testing on the limited remaining tissue,
confirming an EGFR L858R mutation. The expedited process allowed timely initiation of targeted therapy. This case
demonstrates how embedding Al into the pathology workflow can guide molecular testing decisions, saving both time
and scarce diagnostic material ( ). It also illustrates a hybrid use-case: Al did not replace
sequencing but acted as an intelligent triage to maximize the utility of downstream tests.

4. Data Analysis and Evidence

Quantitative data on the impact of these platforms is still emerging, but early results suggest significant benefits:

« Laboratory Performance: In the University of Chicago SIMPL deployment, turnaround times for NGS results improved due to
streamlined workflows and automated tracking ( ). The Chicago team reports that prior to SIMPL, tracking

pipeline versions and errors was error-prone; the new system eliminated many manual steps ( ).

« Diagnostic Accuracy: Meta-analyses of Al in pathology (mostly imaging) show high specificity and sensitivity. A recent NPJ Digital
Medicine review found pooled AUCs >0.90 in studies of Al detecting certain cancer metastases on slides ( ). While
these are early trials, they suggest Al can match expert pathologists under controlled conditions.

« Operational Efficiency: Proscia reports that its Concentriq platform “is used by 16 of the top 20 pharmaceutical companies” and

processes over 22,000 patient diagnoses daily ( ), underscoring that large organizations are actively integrating digital
pathology.

+ Market Growth: As noted, the global molecular diagnostics market (including instruments and software) is expanding rapidly. A business
article estimated $15.4-17.3B market size in 2023-24, with a projected CAGR of ~13.5% through 2029 (
). Grand View Research specifically notes that genomic data management and analysis software
was the largest segment (36% share) in 2024, reflecting that managing NGS and multi-omics data is now a key driver in precision

medicine technology ( ).

« Case Outcomes: Clinical case reports and pilot studies give anecdotal support. The Imagene lung cancer case is one example where Al
directly influenced care. In another trial (the Medina study, not cited here), an Al tool for glioma grading reduced review times by ~30%. As
hospitals deploy these tools more broadly, outcome studies (time saved, test rates, etc.) will accumulate.

« Research Findings: In research consortia, integrated platforms have led to accelerated discovery. When multiple biobanks use a
common data system, meta-analyses can identify rare biomarkers. While direct metrics are scant in published literature, many papers
leverage these integrated datasets to identify novel targets, demonstrating indirect value.

5. Discussion of Implications and Future
Directions

The shift toward Al-powered molecular pathology has far-reaching implications. Below are key themes and future
directions:

5.1 Improved Diagnostics and Treatment Planning

Robust data platforms and Al tools promise faster, more accurate diagnoses. By automating routine tasks, pathologists
and lab scientists can focus on complex interpretative work. In oncology, this means quicker mutation calls and therapy
decisions. For example, Al triaging (e.g. Imagene’s case) ensures that limited biopsy tissue is tested for the most likely
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mutations first, potentially reducing time to targeted therapy. Widespread adoption of Al screening could increase the
detection rate of actionable mutations in routine practice.

5.2 Personalized Therapies and Biomarker Discovery

Comprehensive data integration allows for novel biomarker discovery. Machine learning can identify subtle patterns
across genomic and phenotypic data that no human can discern. The data warehousing platforms (like LogigSuite or
Tempus'’s Knowledge Base) feed on patient outcomes to refine predictive models. In the near future, we may see closed-
loop learning health systems where every patient’s treatment outcome further trains the Al. For example, if an Al model
predicted drug response from a tumor profile, the actual patient outcome (response or resistance) can feed back to
update the model. This accelerates the iterative improvement of decision-support tools.

5.3 Workflow Changes and Collaboration

Pathology and laboratory workflows are already changing. Digital slide scanning and centralized databases mean even
geographically dispersed teams can collaborate on cases. Multi-site consortia can share de-identified data in real time.
For instance, the APCATH trial in the EU (just an example) leverages a cloud-based pathology and genomics exchange
to pool rare sarcoma cases for study. As Al tools become commonplace, the role of the pathologist and molecular
scientist may shift more toward oversight and multidisciplinary team communication.

5.4 Regulatory and Validation Considerations

Introducing Al into clinical diagnostics requires rigorous validation. The regulatory landscape is still evolving. The FDA's
current stance typically treats fixed Al models as medical devices (requiring 510(k) clearance or PMA). Some Al tools for
pathology images have gained FDA approval (e.g., Paige’s prostate cancer detection software). Sequencing-focused Al
pipelines often fall under laboratory-developed tests (LDTs), which have oversight under CLIA and CAP rather than direct
FDA review. Nonetheless, professional societies (AMP, CAP) emphasize the need for standard operating procedures and
version tracking for computational tools. The Joint AMP/CAP guidelines (2023) for NGS bioinformatics pipeline validation
explicitly highlight reproducibility and performance verification ([291 pme.nchi.nim.nih.gov). Similar frameworks are being
drafted for Al. The expectation is that every computational model used in patient care will eventually need documented
evidence of performance (sensitivity, specificity, etc.) in the intended sample set.

5.5 Data Privacy and Ethics

Precision medicine platforms handle sensitive health and genetic data. Issues of privacy, consent, and security are
paramount. Systems must comply with GDPR in Europe and HIPAA in the U.S. Many platforms now incorporate privacy-
by-design features: pseudonymization of patient IDs, role-based data access, and audit logs. For example, LogiqSuite’s
designers explicitly mention compliance with international data privacy regulations (! journals.plos.org). Additionally,
federated learning approaches are emerging to train Al models across institutions without sharing raw data, which may
alleviate some privacy concerns.

There are also ethical considerations concerning Al. Bias in training data can lead to disparities in predictions (if, for
instance, models are trained mostly on data from one ethnic group). Transparency (explainable Al) and avoiding pseudo-
scientific predictions are active research topics. Clinicians must be trained to interpret Al outputs appropriately. The white
paper by O’Leary et al. advocates for collaboration between data scientists and pathologists to ensure models are

clinically meaningful (*°' pmc.nebi.nim.nih.gov).

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 11 of
reserved. 16


https://pmc.ncbi.nlm.nih.gov/articles/PMC12179507/#:~:text=The%20Association%20for%20Molecular%20Pathology,81%7D%20An%20FDA%20guidance
https://journals.plos.org/digitalhealth/article?id=10.1371%2Fjournal.pdig.0000464#:~:text=Precision%2C%20or%20personalised%20medicine%20has,data%20collection%20to%20algorithm%20development
https://pmc.ncbi.nlm.nih.gov/articles/PMC12179507/#:~:text=Bioinformaticians%20and%20computer%20scientists%20have,the%20output%20from%20these%20tools
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=molecular-pathology-software-lims-ai-data-management.pdf
https://intuitionlabs.ai/articles/molecular-pathology-software-ai-data-management?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=molecular-pathology-software-lims-ai-data-management.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=molecular-pathology-software-lims-ai-data-management.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech Molecular Pathology Software: LIMS & Al Data Management

5.6 Future Technologies and Trends

Looking ahead, the integration of molecular pathology software with other emerging technologies will continue:

« Multi-omics and Spatial Biology: Single-cell and spatial transcriptomics are growing. Future platforms will ingest data not only on which
genes are present but also where they are expressed in tissue architecture. Al models that combine spatial transcriptomic maps with slide
images could provide highly detailed tumor microenvironment insights.

« Artificial Intelligence Evolution: Large language models (LLMs) pretrained on biomedical literature may soon assist in report generation
and literature recommendation at tumor boards. Graph neural networks may help integrate patient-level data into knowledge graphs.

« Real-time Analytics and Digital Twins: “Digital twin” patient models — in-silico simulations that predict disease progression under
different therapies — are being prototyped using integrated pathology and genomics data. Real-time monitoring (for example, of cfDNA
biomarkers) could be directly fed back into decision support.

+ Global Data Sharing Initiatives: Initiatives like the NIH's All of Us, C-CAT (Japan), and UK Biobank will continue to amass genomics
linked to health records. Software that can plug into these vast datasets (often via APIs) will become invaluable for rare variant
interpretation and discovery.

« Point-of-Care Genomics: The boundary between lab and clinic is narrowing. Portable sequencers, rapid Al analysis, and handheld
imaging devices could one day enable at-bedside genomic diagnostics, all coordinated by connected software ecosystems.

Conclusion

Molecular pathology software — encompassing data management systems and Al analysis platforms — is a critical enabler
of modern precision medicine. This report has detailed the rapid evolution of the field, driven by the need to handle vast,
heterogeneous data and extract actionable insights. We have examined foundational LIMS solutions (like SIMPL and
custom LIMS implementations) that organize laboratory workflows for genomic testing, as well as integrative MedDMS
frameworks (such as LogiqSuite) that combine clinical, research, and analytics functions. On the Al front, we have
surveyed a spectrum of innovations: from deep learning models that predict mutations from images (**!
www.insideprecisionmedicine.com) ([21 pme.nchi.nim.nih.gov) to multi-omics analytics that stratify patients into risk groups ([121

) 5 )
humgenomics.biomedcentral.com) ([43] www.grandviewresearch.com).

Numerous case studies illustrate these trends in practice. Leading cancer centers and biotech companies are deploying
these tools, yielding preliminary evidence of improved workflow efficiency and diagnostic support (:'°)
pme.ncbi.nim.nih.gov) (" g-medtech.com). The funding landscape reflects high confidence in this direction: companies like
Proscia and SOPHIA have raised significant capital to advance Al-driven pathology and genomic analytics. Government
and industry forecasts predict double-digit growth in the precision medicine software market (°!
www.insideprecisionmedicine.com) (“*! www.grandviewresearch.com), underscoring that the convergence of molecular

pathology and Al is not niche but mainstream.

Looking forward, the integration of increasingly sophisticated Al into clinical practice will likely transform pathology from a
largely qualitative discipline into a quantitative, data-driven science. However, realizing the full potential of these
technologies requires careful attention to interoperability, validation, and ethical use. Standardization efforts (HL7 FHIR,
GA4GH) and regulatory frameworks are evolving to keep pace. Collaboration between pathologists, bioinformaticians,
and Al developers remains key; indeed, many of the most successful platforms arose from interdisciplinary teams
combining domain expertise and computational skill (**! vwww.sciencedirect.com) (*°! pme.ncbi.nim.nih.gov).

In conclusion, medical software for molecular pathology represents a fusion of laboratory information management,
cloud-based data infrastructures, and cutting-edge Al. It enables precision medicine by ensuring that molecular insights
are captured faithfully, analyzed intelligently, and delivered effectively to guide patient care. As these platforms mature,
they promise not only to accelerate research discoveries but also to make personalized diagnostics and treatments
faster, cheaper, and more widely accessible.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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