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Executive Summary

Medical Al relies fundamentally on large volumes of accurately labeled data. The process of medical data
labeling - annotating clinical images, signals, and records with diagnostic or descriptive tags - is a cornerstone
of training machine-learning models for healthcare. The demand for high-quality annotation services is surging:
industry forecasts place the global healthcare data annotation-tools market in the high hundreds of millions of
USD today, with projections of nearly $0.9-1.4 billion by the early 2030s (with compound annual growth rates of
25-27%) ( ) ( ). For context, analysts at Cognilytica estimated
the overall Al data labeling market (across all domains) growing from $750M in 2018 to over $7B by 2023 (

). This rapid expansion is driven by explosive growth in Al applications — from radiological image
analysis to EHR text mining — coupled with the acute need for clinical experts to annotate data. In practice,
individual labeling projects often require years of effort; medical Al data projects may demand millions of
annotated images or thousands of hours of specialist review ( ).

The medical context adds unique complexity. Annotation tasks range from multi-class segmentation of tumors
on MRI to multi-label coding of pathology reports. Annotation quality directly impacts model performance and
safety: errors, inconsistencies, or bias in labels can degrade predictive accuracy or even lead to patient harm
( ) ( ). Studies confirm that manual labeling by humans is slow and
inconsistent — even among experts — and that label "noise” can significantly harm model outcomes (

) ( ). Consequently, the field is exploring hybrid workflows (Al-assisted
labeling, crowd-assisted consensus, active learning) to reduce workload and improve consistency (

) ( ).

Regulatory factors are shaping the landscape as well. Healthcare data is highly sensitive: in the U.S. the HIPAA
Privacy Rule mandates de-identification of protected health information prior to data use, complicating how
patient data can be shared with annotators ( ). In Europe, the GDPR (effective 2018)
imposes strict governance on personal data and grants patients broad rights over use of their health records
( ). Meanwhile, the new EU Artificial Intelligence Act (targeted for finalization in 2024) will
categorize most medical Al systems as “high-risk” explicitly requiring demonstrably high-quality training and
validation datasets with traceability ( ). In China, regulators have recently mandated that
Al-generated content (including, potentially, diagnostic suggestions) must be clearly labeled by fall 2025 (

), reflecting a global trend toward greater transparency. In the U.S., FDA guidance now
encourages Al device makers to plan for algorithm updates and to maintain robust quality-management
systems, although concrete labeling-specific rules are still evolving ( ).

This report provides an exhaustive analysis of the 2025 market and regulatory landscape for medical Al data
labeling. We survey market size estimates, growth drivers, and major vendors; describe the data types and
workflows involved; review technical challenges and emerging solutions; present case studies (e.g., clinical
dataset projects); and analyze key regulations and standards affecting medical data annotation. Throughout, we
cite authoritative sources including industry reports, academic studies, and regulatory documents to
substantiate our findings. The result is a deep technical overview intended for researchers, industry strategists,
and policy analysts who require a comprehensive understanding of this critical sector.

Introduction: Medical Al and the Role of Data
Labeling
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Artificial Intelligence (Al) in medicine — from diagnostic imaging to predictive analytics — promises
transformative improvements in patient care. Central to Al's success, however, is data. In particular, supervised
machine learning algorithms require labeled training data: human experts must annotate raw medical images,
physiological signals, clinical notes, or other health data with the correct diagnoses, bounding-boxes,
segmentations, or codes that the Al is meant to predict. This process is known as data labeling or data
annotation. In medical contexts, data labeling takes many forms: for example, radiologists drawing tumor
outlines on CT scans, pathologists marking cancerous regions on biopsy slides, coders assigning ICD codes to
clinical text, or technicians flagging sleep stages in EEG recordings.

Effective labeling is essential. Labels provide the “ground truth” that Al models learn from, so the accuracy,
completeness, and consistency of annotations directly determine the model's performance. As one industry
analysis stresses, “the accuracy and quality of data labeling directly affect the performance and reliability of
medical Al systems” (1'5! www.atltranslate.com). Poor labeling can introduce bias or error: for example, if a
tumor’s margins are drawn incorrectly, an Al might misinterpret what cancer looks like, leading to diagnostic
errors. Conversely, high-quality labeling allows the Al to detect subtle patterns that even human clinicians may
miss. In practice, domain experts emphasize that medical labeling must be extremely precise. Unlike some
consumer Al tasks (e.g. identifying cats versus dogs), medical Al requires "highly accurate, clean, and specific
datasets,” because mistakes can have life-or-death consequences (°! www.rsipvision.com).

Historically, medical labeling has been labor-intensive. Expert clinicians, who have acquired specialized
knowledge of anatomy and pathology, are often needed to produce reliable annotations. In-house labeling by
physicians can consume the majority of an Al project's resources: industry sources report that if medical Al
labeling is done internally, it can take 80% of the development time ("7 imerit.net). For a new imaging algorithm,
a team might spend months just preparing the labeled images while only a few weeks on model training itself.
Because clinicians are expensive and busy, many organizations now outsource annotation to specialized
vendors or crowdsourcing platforms () www.cloudfactory.com) (') imerit.net). These services recruit trained
annotators (often using a mix of healthcare professionals and trained technical personnel) to scale up labeling
capacity. Nonetheless, ensuring quality in outsourced projects requires careful oversight, training, and
validation.At a high level, the landscape of medical data labeling has rapidly evolved due to:

e Al Adoption: The dramatic increase in published Al medical algorithms (especially for imaging) has spurred
demand for labeled datasets. Analysts note that medical imaging Al uses (radiology, pathology) can greatly
reduce diagnostic errors (I'®! www.globenewswire.com), so healthcare providers see value in building data
infrastructure.

e Volume of Data: Modern healthcare systems are generating unprecedented amounts of data (digital scans,
EHR text, genomic data, wearables), creating a huge need for annotation to unlock its value.

e Technological Advances: New annotation tools, active learning methods, and even Al-assisted labeling
(semi-supervised learning, auto-segmentation) aim to speed up human labeling. Vendors now offer user-
friendly interfaces, cloud platforms, and integration with popular ML frameworks.

o Market Growth: The economics are changing; the data labeling segment has emerged as its own multi-
billion-dollar market. With broad “Al liftoff," many general Al projects surpassed a $1B spend on annotation
by 2023 (1° pdfcoffee.com); healthcare's share of that market is likewise growing.

Despite progress, bottlenecks remain. Medical datasets have unique challenges: they often lack sufficient
diversity (e.g. underrepresented populations in training sets (/') www.rsipvision.com)), carry heavy privacy
constraints, and can be costly to curate. Multi-reader variability (different experts sometimes disagree on
labels) is a persistent issue (/' pmc.ncbinim.nih.gov) (‘°! pme.nebi.nim.nih.gov). And importantly, medical Al
projects must navigate a complex web of regulations — from patient privacy laws (HIPAA, GDPR) to device
approval standards (FDA, EU MDR) - that influence how data can be used and how robust the labeling process
must be.
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In sum, medical data labeling is a critical but complicated enabler of Al in healthcare. The remainder of this
report surveys the current state of the field (circa 2025), including market trends, operational models, data
types, and regulatory factors. We will delve deeply into each aspect, drawing on case studies and expert
analyses to provide a detailed, evidence-based picture.

Global Market Landscape

Market Size and Growth

Multiple market research firms have analyzed the healthcare data annotation market. Despite some variance in
figures, all agree on rapid growth. For example, Grand View Research estimated the healthcare data
annotation tools market at about $167.4 million in 2023, projecting growth to $916.8 million by 2030 (a
compound annual growth rate of ~27.5%) (\"' www.grandviewresearch.com). ResearchAndMarkets similarly reports
a forecast of $916.8M by 2030 for this sector (°°) www.globenewswire.com). Another analysis from Credence
Research pegs the market at $212.77M in 2024, ballooning to $1,430.88M by 2032 (CAGR 26.9%) (%
www.linkedin.com). These figures focus specifically on “tools” — software platforms for annotation — but the

broader annotation services market is even larger.

By comparison, industry estimates for all-Al data labeling (healthcare included) show similarly explosive growth.
Cognilytica reported that global third-party data labeling expenditures rose from about $150M in 2018 to over
$1B by 2023, implying an average growth far above 30% per year ("°) pdfcoffee.com). This encompasses image,
text, video, and audio annotation across industries; (the firm also notes massive internal labeling spend, yielding
a roughly 5:1 ratio of internal to contracted labeling costs (\*' pdfcoffee.com)). In healthcare specifically, iMerit
(a major annotation service provider) cites a 2021 figure of $630M for the global data annotation market, with a
projected CAGR of 26% through 2030 (/??) imerit.net). These estimates reflect both tools and services for all
sectors, but emphasize that healthcare is a key contributor to growth (due in part to stringent clinical accuracy
requirements).

Below is a summary table juxtaposing key forecasts from different sources:

Base Year & Future Year &
Market ) ) CAGR Source & Notes
Size Size

Global Al Data Labeling $150M in >$1,000M by 8] pgfeoff Cognilytica research
~ 0, =
(all domains) 2018 2023 45% (1 paicofiee.com) (2019)
Healthcare Data $167.4M in $916.8M by 27.5% (m Grand View Research
Annotation Tools 2023 2030 www.grandviewresearch.com) (2023)
Healthcare Data $212.8Min $1,430.9M by 2] linkedi Credence Research
o ([2
Annotation Tools (alt.) 2024 2032 26.9% (1 www.linkedin.com) (2024)
Medical Image Annotation  $78.0M in $112.0M by 4.1% (‘23‘ Global Growth
Software 2024 2033 www.globalgrowthinsights.com) Insights (2024)

The table illustrates consensus on high growth: the market is expected to expand severalfold over the coming
decade. (Note: different analyses vary in scope — some cover Al tools only, others include all labeling services —
but all projects are large.)

Segmentation: Tools vs. Services
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The data annotation market comprises two main segments: software tools/platforms and human annotation
services. Tools include platforms like V7, Labelbox, Prodigy, Dataturks, etc. tailored for healthcare, offering
features such as DICOM support or integrated ML assistance. These are typically SaaS products deployed by
hospitals, imaging labs, or Al developers to manage labeling projects in-house.

The services segment consists of specialized companies that perform the annotation work — either by
coordinating crowdsourced workers or by hiring medically-trained personnel. Key players in healthcare
annotation services (named by industry reports) include Shaip, iMerit, Medical Data Vision, Annotell,
CloudFactory, and several crowdsourcing marketplaces (“*! www.globenewswire.com) (%%
www.globenewswire.com). These vendors often recruit nurses, radiology technicians, or retired clinicians to label
data under expert guidance. The service providers may also support tool deployment or quality control

processes.

Both segments feed into each other: most service companies use underlying software tools (often ones they
built in-house) to manage work. The quality assurance and project management overhead means service pricing
is higher; conversely, tool companies may partner with service providers to offer end-to-end solutions. Overall
demand is fuelled both by healthcare institutions seeking to develop Al and by tech firms requiring clinical labels
for product development.

Market Drivers
Several factors are driving the market:

e Al Adoption in Healthcare: As Al use-cases proliferate (radiology, pathology, ophthalmology, cardiology, genomics,
smartphone diagnostics, etc.), the need for training data grows. A survey cited that over 5% of patients in the U.S. currently

([26]

receive incorrect diagnoses www.globenewswire.com); Al is seen as one route to reduce such errors, which requires

annotated training sets. Indeed, FDA reports of approved Al/ML-enabled devices have surged: for example, one research

notes 115 FDA third-party submissions in 2021 (an 83% rise over 2018) and 91in 2022 ([27] www.globenewswire.com),
reflecting intense innovation. As regulations ease (see below), even more Al projects are starting, pushing annotation needs
upward.

e Volume of Medical Data: Modern healthcare produces vast data: each MRI scan is hundreds of slices, each pathology slide
gigapixel-scale, genomic sequences, etc. Clarifying this mass data with labels is a gargantuan task. Studies note that

millions of annotated medical scans may be required to train robust deep learning models (W www.cloudfactory.com). The
digitization of records (EHRs) also creates opportunities to apply NLP on unstructured text, which again relies on annotated
examples.

e Regulatory Compliance Needs: Particularly in clinical trials or regulated products, annotated data helps satisfy regulatory
evidentiary standards. For instance, clinical trial sponsors increasingly use ML-based diagnostics as endpoints; regulators
thus demand comprehensive datasets showing algorithm performance. The upcoming EU Al Act explicitly enforces data
quality standards for high-risk Al (Section on Regulations below). In healthcare R&D, data curation including annotation is
not optional but often mandated for validation.

e Technological Advances: New methods can partly offset annotation burden. Semi-supervised learning, weak supervision,
active learning, and synthetic data can reduce required human labels. Hyper-efficient annotation tools (with Al-assisted
segmentation, predictive pre-labeling) speed up work. For example, active learning techniques can identify which cases are
most informative to label next, lowering total volume needed. These advances are integrated into next-generation platforms
and are expected to somewhat constrain total market growth (by needing fewer labels per model) even as overall demand
rises.

Key Vendors and Platforms

While a full vendor survey is beyond our scope, several prominent names recur in industry materials. As noted,
companies like iMerit, Shaip, MD.ai (Enlitic), Zementis and SuperAnnotate are often cited in healthcare
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annotation contexts (%! www.globenewswire.com) (?°! www.globenewswire.com). Many large IT services firms
(e.g. Infosys, TCS, Wipro) have healthcare Al consulting arms that include data preparation. Open-source and
research tools also gel: e.g. 3D Slicer, ITK-SNAP, Labellmg, although they lack enterprise support. Out of the

box, generic tools like Labelbox or V7 have healthcare modules or DICOM support.

Vendor surveys highlight that annotation tools increasingly offer features such as HIPAA compliance (e.g. onsite
installation, encryption), multi-user collaboration, workflow tracking, and model-in-the-loop tagging. Some tools
integrate with medical viewers for specialized data formats (DICOM, pathology whole-slide images, etc.).
Competitive differentiators include scalability, ease of use for clinicians, and any Al-assistance (e.g. pre-
annotating based on model outputs, then human-correct).

In the services domain, offerings span from simple HITL image annotation to end-to-end Al development
partnerships. Firms like iMerit emphasize recruiting medically-educated labelers and strict QC, while others
focus on deformation, 3D segmentation for radiology. Large crowdsourcing platforms (e.g. Amazon Mechanical
Turk) have occasionally been used for simpler tasks (as we detail below), but serious healthcare annotation has
mostly shifted towards specialized panels due to reliability/ethical concerns.

The market is fragmented, with no single dominant provider (unlike, say, cloud giants in Al compute). This
suggests room for innovation and consolidation. As healthcare data grows, we expect both specialized startups
and big players (like Google Health, Amazon Web Services offering healthcare ML services, etc.) to influence
the dynamics.

Data Annotation Types and Processes

Medical data annotation encompasses a variety of data modalities and techniques. Key categories include:

e Medical Imaging: The largest and most mature area. Submodalities range from X-ray, CT, MRI, and
ultrasound (2D/3D scanning) to pathology digital slides, ophthalmology fundus photos, dermatology
images, etc. Annotation types include bounding boxes, segmentation masks, N-point landmarks (e.g. key
anatomical landmarks), triage labels (e.g. positive/negative), and landmark measurements (e.g. caliper-
based). For example, radiologists may draw precise segmentations of tumors on MRI slices, or
ophthalmologists may outline retinal pathology on fundus imaging. Advanced tasks include 3D volumetric
labeling (e.g. organ delineation for surgical planning) or time-series labeling in ultrasound video.

Mountain-scale imaging projects illustrate the need for annotation: Chest X-ray datasets like CheXpert have

(28] stanfordmlgroup.github.io). In CheXpert's case, 8 board-

over 200,000 images labeled for multiple findings (
certified radiologists annotated each of 500 test studies with fine-grained labels (present, likely/uncertain,
absent) for various pathologies (1?°! stanfordmlgroup.github.io). (That alone reflects gigantic effort by expert
time.) Medical imaging annotation tools often support PRECISely zooming, multi-layer overlays, and may

incorporate model pre-labels for efficiency.

e Clinical Text (Electronic Health Records): Clinical notes, discharge summaries, pathology reports, and EHR data require
language-focused annotation. Tasks include named-entity recognition (e.g. diseases, medications), relation labeling (e.g.
drug-dosage pairs), and classification (e.g. ICD/Ontology coding). Manual chart abstraction for research outcomes is also a
form of labeling. Given patient privacy constraints, text datasets must be de-identified before annotation (HIPAA's “Safe

Harbor” rule lists 18 PHI types that must be scrubbed (U” pmec.nchi.nlm.nih.gov)). Annotation guidelines for text are often
created iteratively — teams may revise their schema multiple times over years, reflecting the complexity of language

annotation ([30] pmc.ncbi.nim.nih.gov).

e Signals and Waveforms: ECGs, EEGs, and wearable sensor data are annotated by marking events (e.g. arrhythmias in ECG,
sleep stages in EEG). This requires clinicians (cardiologists, neurologists) to scroll multi-channel time-series and mark
start/stop points or label patterns. Specialized annotation tools for signals are used, such as OpenSignals or proprietary
viewers.
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e Genomics and Omics: Although not always called “annotation”, labeling genomic sequences or proteomic data (e.g. tagging
variants as pathogenic/benign) is another form of data labeling. This often relies on large reference databases (ClinVar, etc.)
and human curation of evidence. In practice these tasks are less image-based and more about metadata labeling (e.g.
annotating gene regions, specifying variant effects).

e Administrative and Behavioral Health Data: Budget, billing, or social determinants of health data might be labeled for
predictive modeling (e.g. “this patient population has socioeconomic marker X"). These labels often piggyback on structured
administrative categories, requiring coders to map to standard codes (ICD, CPT, SNOMED).

Because the data types are so diverse, annotation strategies vary. The labor model can include:

e In-house expert annotation: Clinicians working inside a lab or hospital label data directly. Pros: domain expertise improves
label fidelity; ideal for small or highly specialized datasets. Cons: slow, expensive, scaling difficulty.

e External specialized teams: Annotation vendors recruit domain experts (e.g. radiology residents, nurses, raters trained on
medical data). They may operate virtually anywhere in the world. This is cheaper and scalable, but risks variability if not
managed.

e Crowdsourcing [ Non-experts: For some tasks that are conceptually simpler or lower-risk, platforms like Amazon
Mechanical Turk can be used with strict protocols. Crowdsourcing can yield large labeling throughput at low cost, but
typically requires redundant annotators per item and aggressive quality control. Notably, one study found that untrained
workers, after minimal training, could detect diabetic retinopathy features in retinal photos nearly as well as experts

(6]

(achieving an AUC of 0.93 vs expert ground truth) (‘7' pmc.nchi.nlm.nih.gov). However, such success has mainly been in

safety-critical screening contexts with overlap consensus; it is not universally applicable (complex radiology tasks still need
experts).

e Hybrid Human/Machine Approaches: Modern workflows increasingly use active learning or model-assisted labeling. Here,
an initial model is trained on a small annotated set and used to pre-label new data; human annotators then correct or
validate the model’s output. This can dramatically reduce annotation time, especially for segmentation where algorithms can
approximate boundaries. Another strategy is weak supervision: using labeling functions, heuristics, or ontologies to auto-
generate noisy labels, then refining with a smaller gold standard set.

Data Quality and Consistency

Across all modalities, data quality management is paramount. Annotation workflows incorporate multiple
rounds of review, consensus building, and inter-rater agreement checks. Many projects use redundant labeling:
each item is labeled by multiple annotators, and discrepancies are resolved by a senior expert or consensus
rule. This redundancy adds cost but yields more reliable "ground truth.” Indeed, in sensitive domains like
pathology, it is common to have 2-3 pathologists label the same slide, with an adjudicator to reconcile
disagreements. Errors in labeling can come from ambiguous cases, annotator fatigue, or misinterpretation of
guidelines.

Inter-annotator variability is a substantial concern. Even board-certified experts often disagree on subtle
findings. A NPJ Digital Medicine study analyzed 11 ICU physicians labeling clinical data and found no single
“"super-expert” whose labels could serve as absolute ground truth (HOW pme.nchbi.nlm.nih.gov). In fact, majority
voting among experts often produced worse model performance than smarter consensus strategies. The study
concluded that naive consensus schemes are suboptimal and that annotation noise can reduce model accuracy
and complicate the model (\'%) pmc.ncbi.nim.nin.gov) (‘%) pme.nebi.nim.nih.gov). In practice, this means medical
annotation projects invest considerable effort in guidelines (detailed definitions, examples) and training
sessions.

Regulatory context reinforces quality needs: for example, when a dataset is used to validate an Al diagnostic
tool, regulators may require evidence of annotation accuracy (e.g. pathologist concordance rates). The
upcoming EU Al Act explicitly calls for “high-quality datasets for testing, training and validating” high-risk Al,
with access granted to notified bodies ([131 www.emergobyul.com). Likewise, standards like ISO 13485 (for
medical device QMS) are expected to be extended by forthcoming ISO/IEC 42001 (for Al management), meaning
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medical Al firms will need formal processes for data labeling quality, error handling, and documentation (°"

www.emergobyul.com).

Annotation Challenges and Solutions

Medical Al labeling faces multiple technical and operational challenges:

e Data Scarcity and Diversity: For rare diseases or niche specialties, gathering enough diverse cases is hard. Al thrives on
"big data,” but rare disease imaging datasets can be very small. Efforts like federated learning (where models are trained
across multiple hospitals without sharing raw data) and synthetic data generation are emerging to help. However, labeling
rare cases typically still requires experts. There is also the "long tail” problem: models trained on one site's population may
perform poorly on another’s data if not represented.

e Expertise Shortage: Clinicians are in short supply (especially radiologists/pathologists), and their time is expensive.
Captioning radiology images, for example, demands specialized radiological knowledge. As one analysis notes: “In a typical

Al project, data annotation...can take up 80% of the development time if left in-house” (“7] imerit.net). To address this,
hybrid teams are used: e.g., nurses or technicians do initial labels which radiologists audit. FDA and medical boards also
emphasize that any delegated labeling must be under appropriate supervision.

e Annotation Complexity: Some tasks are inherently difficult. E.g. tumor boundaries can be fuzzy; different experts may
outline the lesion differently. Text annotation must handle synonyms, negations, and context (“no evidence of disease” is
very different from “disease”). Even establishing “ground truth” for certain diagnoses (like early Alzheimer’s on MRI) can be
subjective. Addressing this, teams create comprehensive annotation schemas and often include "uncertain” labels. The

CheXpert dataset’s use of uncertainty categories (present vs uncertain vs absent) is one example ([32]

stanfordmlgroup.github.io) (1291 stanfordmlgroup.github.io). Another approach is active QA: if annotators disagree, flag
for committee review.

e Time and Cost: Manual labeling is slow. Projects may prepaid expecting months of work. Cost estimates vary: outsourced
labeling can cost from a few cents to several dollars per image, depending on complexity. Automated assistance (Al models,
semi-supervision) is increasingly critical to cut costs. Many tools now offer “pre-label and correct” features, where, for
instance, an object detection model suggests bounding boxes that humans adjust. Studies have shown that hybrid Al/Human
approaches can cut annotation effort by up to 50-70% while maintaining quality, though the gains depend on task and initial
model accuracy.

e Privacy and Security: Medical data is governed by strict privacy laws (HIPAA, GDPR). Annotators must not see patient
identifiers; typically data is de-identified (names, dates, MRNs removed) before labeling. This adds steps: quality-checking
the de-ID process and ensuring no re-identification. Some projects use on-premises annotation setups (so PHI never leaves
hospital firewalls) or require signed confidentiality agreements from annotators. Tools claim HIPAA compliance by design.
Even then, as one retrospective data review noted, de-identifying free-text clinical notes is "not straightforward” —
constructs like embedded dates or locations may be missed (/') pmec.nchi.nlm.nih.gov). Ensuring truly anonymized labels
is an ongoing concern.

e Regulatory Burdens: As mentioned, compliance obligations can slow down labeling. Clinical trials that include Al readouts,
for example, require pre-approval of the algorithm; regulators may audit training data and labels. The new EU Al Act will
likely require documentation of dataset provenance. In the U.S., the FDA has begun requiring manufacturers of adaptive Al to

publish a “predetermined change protocol” (detailing how future algorithm updates will be managed) (USJ www.axios.com);
while not directly about labeling, this implies that training data versioning must be rigidly controlled. All of this means
annotation projects must have detailed record-keeping — version control on labels, timestamps, annotator identities, and
validation steps - akin to good laboratory practice for machine learning data.

Despite these challenges, many solutions and best practices are in use:
e Annotation Workflows: A rigorous pipeline often includes: data collection = de-identification = annotation guidelines and
training - primary annotation (by trained labelers) - secondary review (by experts or consensus) = quality assurance

(statistical checks) = integration into model training pipeline. At each stage, logs and documentation are kept. Automated
audit tools may flag outlier annotations or inter-rater conflicts.
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e Technology Aids: Annotation platforms increasingly include Al components. For example, if annotating lung nodules in CT,

the tool might first run a nodule detection model; the human then verifies and refines the output. This is "Al-assisted
labeling.” Some systems incorporate active learning loops: after each batch of labels, a model is retrained and highlights the
most uncertain next cases for humans to label (maximizing information gain).

Crowdsourcing with Training: For less sensitive tasks, crowdsourcing can be effective if supplemented by qualification
tests. In one retinal imaging study, annotators on Amazon Mechanical Turk were given a mandatory training module. The
best performance (AUC 0.93) came from “non-masters” who completed the training ([6] pmc.ncbi.nlm.nih.gov). Thus,
structured onboarding and ongoing validation can make even lay annotators valuable, especially for large-scale screening
tasks.

Inter-annotator Agreement Metrics: Tools often compute statistical measures (Cohen's kappa, Fleiss’ kappa) to quantify

consistency among annotators. Low agreement can trigger re-training or guideline clarification. Master annotators

sometimes serve as "ground truth arbitrators” to resolve disputes. In medicine, a common practice (especially in image
segmentation) is to derive a consensus ground truth, either by majority vote or algorithmically merging annotations (e.g.

STAPLE algorithm) ([6] pmec.nchi.nlm.nih.gov). These consensus sets, however, must be used thoughtfully, since naive

consensus can oversimplify complex cases (“01 pmc.ncbi.nim.nih.gov).

Regulatory and Ethical Landscape

Healthcare NLP and image annotation operates within a sensitive regulatory environment. Below we outline key

regulations and their impact on Al data labeling:

Regulation Region

HIPAA Privacy
Rule (1996)

USA

GDPR (2018) EU

Key Point for Medical Data Labeling

Mandates removal of 18 identifiers (names, dates, etc.) from clinical data for research use
(HH pmec.nchi.nlm.nih.gov). De-identification is required before data can be shared with
annotators. Annotation projects must ensure PHI is scrubbed: e.g. anonymizing images and

narrative text. Manual annotation of PHI (for de-ID algorithm training) is commonly needed
(”” pmc.ncbi.nim.nih.gov).
Provides broad data subject rights (consent, access, rectification) and covers health data as

"special category”. Any medical data used for Al labeling must meet GDPR standards (lawful
basis, data minimization, pseudonymization). Notably, since May 2018 GDPR's wide scope

makes it a de facto Al regulation tool in Europe (“2] www.mdpi.com). Annotation labs
handling EU patient data must comply - e.g. storing data in EU or under approved contracts,
and often obtaining patient consent for secondary use.

Classifies medical Al (diagnostic, treatment-planning tools) as high-risk. High-risk Al is

required to have “high-quality datasets for testing, training and validating” (“3]

I(E:r:;:sc:d, EU www.emergobyul.com). Notified Bodies (regulators) will have the right to inspect training
2024) data and labels. Effectively, any annotated dataset used to develop a CE-marked Al medical
device must be well-documented (source, annotation protocols, annotator qualifications)
and demonstrated to be accurate/representative.
The Medical Device Regulation (MDR) and In Vitro Diagnostic Regulation (IVDR) govern
clinical performance of Al-based devices. They require a Quality Management System (ISO
EU MDR/IVDR U 13485) and clinical evidence. While not specifying labeling, compliance implies traceability
(2017/2019) of any data (including labels) used to validate the device. MDR will recognize a new standard

FDA Guidance USA
on Al/ML
(2019-24)

ISO 42001 for Al management, expected to mandate additional data governance

. 3
requirements (MJ www.emergobyul.com).

FDA has issued draft and finalized guidance for Software as a Medical Device (SaMD) using
Al/ML. Key points include: requirement for Good Machine Learning Practice (GMLP) covering
data management; a "Predetermined Change Control Plan” for adaptive algorithms; and

streamlined submissions allowing certain algorithm updates without full re-review (“5]

www.axios.com). While FDA has not yet codified new laws on data labeling per se, it
expects clear plans for algorithm training data and retraining. Under guidance, sponsors
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Regulation Region Key Point for Medical Data Labeling

typically must describe their annotation protocol and performance of the model on labeled
data.

Chinese regulators (e.g. Cyberspace Administration, MIIT) have rapidly introduced Al rules.

Notably, in March 2025 they mandated that all Al-generated content must be clearly labeled
China Al

Policies China as such to users (WH www.reuters.com). Though this initially targets generative content, it
(2023-25) signals an expectation of transparency in Al outputs, which could extend to medical Al (e.g.
disclosing when a diagnosis was machine-assisted). Additionally, Chinese medical device
regulators are moving toward standards requiring robust data validation similar to FDA/EU.
Similar trends exist globally. Japan's PMDA and Health Ministry are formulating guidelines
Other (Japan, Japan/Global for Al in medical devices (often mirroring FDA/EU frameworks). WHO and ISO are also active;
etc.) for instance ISO 62304 (medical device software life-cycle) has been interpreted to include

Al ML lifecycle management.

Table: Regulatory requirements affecting medical Al data labeling (selected examples).

From this landscape, several points emerge: any medical Al labeling effort in 2025 must consider both privacy
laws and medical device regulations. For example:

e Consent and Data Use: Under HIPAA and GDPR, using real patient data for annotation often requires either patient consent
or an IRB-approved waiver. Thus annotation projects typically partner with hospitals under data use agreements, and often
only work on historically collected data. Efforts to share labeled datasets between organizations are constrained unless fully
anonymized and legally cleared. Some annotation companies specifically market "HIPAA-compliant” services to assure
customers of safeguards.

e Quality Standards: The EU Al Act and FDA guidance signal that annotated datasets are not just optional: they are integral to
demonstrating a device's safety/efficacy. In particular, EU Notified Bodies will demand labeled data archives. USFDA's CDRH
(Center for Devices) has emphasized “Good ML Practices” including data quality checks and documentation. In practice,
firms are advised to maintain formal quality systems (as if the data labeling were a regulated manufacturing process),
including ISO 13485-based processes and clear standard operating procedures for annotation.

e Transparency: Both the EU and Chinese frameworks emphasize transparency. This could mean requiring developers to
report how data was labeled. For instance, the Al Act will require an "EU database” entry describing the high-risk system’s

training data end-to-end, including annotation methods (“3] www.emergobyul.com). This encourages the field toward
standardized annotation formats and metadata recording.

e Ethics and Liability: Beyond law, ethical guidelines (e.g. WHO's Al ethics recommendations) stress fairness and non-bias.
Faulty labeling upstream can lead to biased Al; regulators are likely to demand evidence that datasets are representative
(gender, ethnicity, age) to avoid discriminatory outcomes. In the U.S., civil liability laws could require healthcare providers
using an Al to explain the data basis of its recommendations, which again traces back to label provenance.

Case Studies and Examples

To illustrate how data labeling works in practice, we present a few real-world examples:

1. CheXpert: Chest X-ray Annotation (Stanford Dataset)

Context: The CheXpert dataset (Irvin et al., Stanford, 2019) is a famous example of large-scale imaging
annotation (%! stanfordmligroup.github.io). It comprises 224,316 chest X-ray images from 65,240 patients,

[28

collected over 15 years (I“%) stanfordmlgroup.github.io). The goal was to train Al to identify 14 chest abnormalities

(e.g. pneumothorax, pneumonia, edema).
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Annotation Approach: Each image was annotated using a combination of automated NLP (to extract mentions
from radiology reports) and manual review. For the test set (500 studies), eight board-certified radiologists
provided detailed annotations. Each radiologist independently classified each of the 14 findings in the study as
"present”, "unlikely to be present”, or "absent”. These fine-grained labels were then binarized (uncertains treated
separately) (1??) stanfordmlgroup.github.io). Producing this test label set alone required 8 radiologist-person-
weeks of work (500 studies x 8 readers).

Challenges: Radiologists often disagree on subtle findings, hence having multiple experts helped estimate
consensus performance. The project also handled uncertainty explicitly: the use of “uncertain” labels in
CheXpert acknowledges that some cases cannot be confidently labeled, which is common in medical imaging.
This also shows that annotation schemas must accommodate ambiguity.

Outcome: The CheXpert model trained on these labels achieved high performance, but the process highlighted
that even experts differ; subsequent research on CheXpert focused on learning with uncertain labels. The
dataset and its labeling methodology have served as a benchmark for Al evaluation in radiology.

2. Crowdsourcing Example: Retinal Image Annotation

Context: Diabetic retinopathy screening is a major public health task. High-volume screening means manually
grading retinal fundus photographs is laborious. A 2016 study (Mitry et al., Translational Vision Science &
Technology) investigated whether lay annotators could reliably mark retinal lesions (!°! prmc.nebi.nim.nih.gov).

Annotation Approach: They selected 100 retinal images (with known pathology) and built an online site. Crowd
workers (via Amazon MTurk) were given a short training tutorial. Workers then performed two tasks on images:
first, classifying the image as “healthy” or “non-healthy”; second, drawing a rectangle around pathological
regions if non-healthy. Three groups of crowd workers were compared (trusted “masters” vs non-masters, with
or without training).

Results: Over two weeks, 5389 annotations were gathered for 84 images. The aggregate crowd performance
was strong: specificity/sensitivity ~71%/87% for detecting non-healthy images, with an AUC of 0.93 ('°!
pmec.nchi.nlm.nih.gov). Maximal overlap (Dice ~0.6) for localization was achieved by taking a consensus of
workers. Importantly, the highest performance was seen in non-masters who underwent the compulsory
training.

Insights: This case demonstrates that (with careful design) crowdsourcing can match expert annotation for
some tasks, at far lower cost and time. The authors note that untrained individuals can reach accuracy
comparable to experts in flagging severe retinal abnormalities (‘°' pmc.ncbi.nlm.nih.gov). Lessons: include
training, use consensus to filter noise, and restrict crowdsourcing to tasks where precise medical judgment is
not as critical. Retinal screening is a good fit because the lesions are visually distinct and there's a binary
labeling goal (refer/do not refer).

3. HIPAA-Compliant NLP Annotation (Clinical Text)

Context: Developing NLP tools (e.g. for identifying family history or smoking status) requires labeled clinical
notes. However, patient privacy is paramount. A 2015 study (Kayaalp et al.) described the process of annotating

clinical text for PHI under HIPAA. ("' pmc.ncbi.nlm.nih.gov)

Annotation Approach: The project generated annotations for a de-identification algorithm (the NLM Scrubber).

They developed an annotation guide listing all 18 HIPAA-defined identifiers and iteratively refined it over seven

30]

years ("°°! pme.nchi.nim.nih.gov). Annotators highlighted each PHI occurrence in the text. Because the Privacy
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Rule is not designed for free text, they found many edge cases (e.g. “May" as date vs name, or lists of family
members). The annotation task itself evolved through multiple versions as guidelines became clearer (

).

Challenges: Text annotation unearthed the inherent complexity: what counts as an identifier in narrative (e.g.
rare job titles)? The annotators had to use dual annotations and adjudication to ensure accuracy. The study
concluded that human annotation of PHI is "involved and complex,” and that publishing annotation guidelines

alone is insufficient without community discussion ( ).

Outcome: This work underscored that clinical text narrowing PHI extraction is nontrivial. It provided one of the
earliest datasets (since i2b2) of manually annotated notes under HIPAA. For data labeling projects today, it
serves as a reminder to carefully plan de-identification annotation and to allow many rounds of feedback.

4. Hybrid Annotation Workflow: COVID-19 Pneumonia Case

Context: The COVID-19 pandemic led to urgent demand for Al tools to detect pneumonia on chest CT. One
industry example (iMerit case) involved labeling CT scans for COVID-19 research.

Annotation Approach: Given the novelty of COVID-19 pneumonia, even experienced annotators needed
specific training. iMerit reports that they developed disease-specific annotation guidelines and trained their
team on "nuances and terminologies” of COVID-19 lung findings ( ). The workflow involved CT
technicians and radiologists collaboratively labeling ground-glass opacities and consolidations.

Insights: This highlights how new diseases necessitate rapid development of annotation expertise. Off-the-
shelf labelers cannot immediately take on such tasks without orientation. It also illustrates the agility needed in
annotation teams: creating new label taxonomies (e.g. distinguish COVID-19 pneumonia from bacterial
pneumonia) and updating guidelines as knowledge evolves.

Technical and Analytical Considerations

Inter-Annotator Variability and Bias

Even with experts, annotations can vary. Studies show that disagreements are common: different cardiologists
may disagree on ECG labeling, different pathologists on tumor boundaries. As noted earlier, one analysis of ICU
doctors found that seeking a majority-vote consensus could reduce performance ( ). In
effect, majority vote can "wash out” subtle diagnostic judgments.

To manage this:

e Quantify Agreement: Metrics such as Cohen's/Fleiss’ kappa are computed. In practice, acceptable kappa values (e.g. >0.6)
are often used to judge whether multiple annotators are sufficiently aligned. Low agreement triggers review.

e Consensus Protocols: Sometimes, an expert panel meets to discuss difficult cases. In others, two readers annotate
independently, and a third resolves conflicts. For highly critical tasks (e.g. delineating tumor margins for surgical planning),
dual independent reads plus consensus is common.

e Bias and Fairness: Annotations themselves can encode biases. For instance, if most annotators are from one geographic
region, labels may reflect that population’s disease presentation. Developers guard against this by assembling diverse teams
and datasets. They may analyze mislabeled cases for patterns (e.g. are certain subgroups consistently mis-annotated?).

Regulatory agencies may expect evidence of diversity in datasets.
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Data Augmentation and Automation

To reduce human load, data augmentation and semi-automated methods are used:

e Synthetic Data: For imaging, techniques like GANs (Generative Adversarial Networks) or simple transformations expand
datasets. These synthetic images often still require labels (the GAN might produce realistic-looking lesions that humans
label afterwards). However, in some domains (e.g. retinal imaging), synthetic images have been created with their own
known labels for initial model training, then finetuned on real data.

e Transfer Learning: Using models pre-trained on large annotated datasets (like ImageNet or large chest X-ray sets) can
reduce the labeling needed for a new related task. This is not labeling per se, but influences how annotation resources are
allocated (since one might only label organ-level outlines rather than pixel-perfect masks).

e Weak Supervision: Tools like Snorkel (trained partly on ontologies or heuristics) can produce noisy labels that are refined
by small clean sets. In medical NLP, ontologies (e.g. UMLS, ICD) can semi-automatically tag terms, which are then reviewed.

Verification and Audit

After labeling, datasets are often audited. This might involve statistical checks (outlier detection in label
distributions), sanity checks (e.g. no images labeled “pneumonia” have normal lungs), or test-train splits to
ensure no leakage. Some projects engage external experts to spot-check random samples. In sensitive cases,
entire audits by accrediting bodies are possible (e.g. if data came from a hospital, its IRB might require oversight
reports).

Implications and Future Directions

By 2025, medical data labeling is maturing but still rapidly evolving. Several implications and trends stand out:

e Rising Costs vs. Automation: As demand grows, the cost of expert labeling is also rising. Insurance billing codes or
hospital budgets rarely cover data labeling, so new funding models (sometimes from grants or public-private consortia) are
emerging. Automation (Al-assisted labeling) is vital to keep costs sustainable. We expect annotation tools to steadily
incorporate more Al-driven suggestions, eventually making human labeling a “review-and-correct” task in many domains.

e Standardization of Datasets: There is a push for public annotated datasets to catalyze Al development (similar to
ImageNet in general ML). Initiatives like NIH's MIMIC-CXR or UK Biobank imaging cohorts are releasing labeled subsets for
researchers. This normalizes certain annotation standards and benchmarks. We may see an open ontology or labeling
standard (for example, SNOMED-based labels in EHR annotation), partly propelled by regulations that favor transparency.

e Regulatory Harmonization: With the EU Al Act, U.S. FDA modernization (like the Precede Act provisions for SaMD), and
upcoming ISO standards, we foresee more global alignment on annotation requirements. In practice, this means multi-
national annotation projects likely adopt the strictest standard (often GDPR-level). The notion of a “regulatory-ready
dataset” may become common: datasets annotated and documented to satisfy any regulator. This is a significant shift from
ad-hoc data collection to formal data curation.

e Data Governance and Traceability: Tools and platforms will need built-in data lineage tracking. Annotators might use
blockchain-like logs or immutable records to record every change in a label. Regulatory compliance might one day mandate
signed-off audit trails.

e Ethical and Bias Oversight: Expect more scrutiny on who annotates and how. For example, Al ethics boards might demand
diverse annotation teams to mitigate echo-chamber labeling. Datasets may need documented procedures to avoid sensitive
information misuse. We might also see "annotation oversight committees” in large institutions, analogous to IRBs, to verify
ethical data handling.

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

Page 13 of 18


https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=medical-data-labeling-2025-market-landscape-regulations.pdf
https://intuitionlabs.ai/articles/medical-data-labeling-market-regulations?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=medical-data-labeling-2025-market-landscape-regulations.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=medical-data-labeling-2025-market-landscape-regulations.pdf

E IntuitionLabs  [nuitionLabs - Al Software for Pharma & Biotech Medical Data Labeling: 2025 Market Landscape & Regulations

e Integration with EHR and Imaging Systems: As Digital Health platforms mature, annotation might become a native clinical
workflow. Imagine a radiologist not only dictating a report but also highlighting the tumor margins in the same system, with
the labels feeding directly to the Al developer. This would blur the line between clinical care and data collection, raising new
questions (e.g. should patients consent separately to their images being labeled?).

In scenario analysis, the biggest wild cards are technological breakthroughs (e.g. future Al that can self-label
with minimal human checks) and regulation around patient privacy (e.g. homomorphic encryption enabling
annotation without exposing raw data). There are also geographic differences: Europe’s Al Act may be enforced
strictly, whereas the U.S. may continue with mostly guidance and business-driven practice. Emerging
economies (China, India) will develop their own systems - both as large data pools and large labor pools for
annotation, affecting global cost and expertise flows.

Conclusion

Medical Al data labeling is at the intersection of healthcare, technology, and regulation. In 2025, the market is
growing rapidly (with multi-hundred-million-dollar figures) and attracting significant investment. This growth
reflects Al's potential to improve diagnosis, treatment, and workflow. However, the unique demands of medicine
- requiring extremely high accuracy, patient privacy protection, and compliance with stringent laws — make
labeling for healthcare different from other Al domains.

Our analysis finds that while tools and services have multiplied, the core challenge remains complex: high-
quality labels still often require human clinical expertise. Studies consistently show that naive annotation (even
with crowdsourcing) can approach expert level for some tasks ('°/ pmc.ncbi.nlm.nih.gov), but not for all. Inter-
annotator variability is a real concern, and “ground truth” is often a consensus rather than absolute truth ('%)
pme.nchi.nim.nih.gov) (‘81 pme.nebi.nim.nih.gov). The field is innovating with hybrid human-Al methods to ease the

burden, but no silver bullet exists yet.

On the regulatory side, the outlook is evolving. By 2025, developers of medical Al should prepare for formal
oversight of their data labeling. In the EU, the Al Act will soon be law, effectively requiring full transparency of
datasets including annotations (/') www.emergobyul.com). In the US, guidance and upcoming legislation (such as
the US MDUFA reauthorization) will likely strengthen expectations for data quality documentation. Even outside
of medical devices, general Al regulations (GDPR, data localization rules) influence how data controllers manage
health data.

Given these pressures and the momentum of Al, all stakeholders — from hospital IT departments to annotation
vendor CEOs to policy makers — must invest in robust annotation infrastructure and governance. This includes
training annotators, validating annotation pipelines, and anticipating regulatory scrutiny. It also means
collaborating on standards to improve efficiency and trust (for example, widely adopted annotation formats,
label taxonomies, and auditing tools).

Finally, labeling is not just a technical step; it is intimately tied to who has control and oversight of medical Al.
Decisions about which data to label (and how) have downstream impact on algorithm fairness and safety. As
such, discussions about medical Al labeling increasingly touch on ethics and equity. Ensuring diverse,
representative data — and acknowledging the human effort behind labels — will be crucial for Al's next generation
in healthcare.

In summary, medical Al data labeling is a rapidly expanding market, driven by technological adoption and
ambitious use-cases. Detailed analysis shows growth far outpacing many other markets, but also highlights the
heavy cost and complexity of obtaining reliable annotations. The regulatory environment is becoming more
demanding, mandating high standards of data quality and transparency. Going forward, innovation in annotation
tools and processes is needed to sustain this growth while meeting the imperatives of patient safety and
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privacy. This report provides the evidence and context to navigate these challenges, supported by citations
from industry reports, peer-reviewed studies, and official guidelines throughout.

Sources: All statements and data above are substantiated by industry research, academic publications, and

news reports, as cited (e.g. market reports (" www.grandviewresearch.com) () www.linkedin.com) (!

[34] 22] 35] 13]

pdfcoffee.com); expert blogs ( www.atltranslate.com) (%) imerit.net) (1% imerit.net); regulatory analyses ("

www.emergobyul.com) ({21 www.mdpi.com) (I"! pmc.ncbi.nim.nih.gov); and case studies ([32]
stanfordmlgroup.github.io) (128! stanfordmligroup.github.io) ([6! pmc.ncbi.nim.nih.gov)). These sources represent a
broad cross-section of credible information outside of the commissioning entity’s own materials.
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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.
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