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Clinical Evidence Requirements for Al
Diagnhostic Tools

Executive Summary

Artificial intelligence (Al) is rapidly transforming medical diagnostics by analyzing complex clinical data—images, signals,
and records—to assist or automate disease detection. However, the translation of Al diagnostic tools into routine clinical
practice has been limited: over 90% of Al models developed remain unused in practice (\'! ww.sciencedirect.com). A
key barrier is the paucity of rigorous clinical evidence demonstrating safety, accuracy, and clinical utility. Experts note that
“little evidence exists so far for their effectiveness in practice” for Al medical devices (I pmc.ncbi.nim.nih.gov), and even
less is known about their safety or potential biases. In response, regulators and stakeholders worldwide now emphasize
stringent evidence requirements tailored to Al's unique attributes. Notably, the FDA and EU regulators require robust
clinical or performance evaluations using representative data (*°/ vwww.oshorneclarke.com). In the US, most Al tools
have been cleared through the 510(k) pathway (Premarket Notification), which demands substantially /ess clinical
evidence than a Premarket Approval (PMA) and instead relies on predicates (1! pme.ncbi.nim.nih.gov) (*°
pme.nchi.nim.nih.gov). This “predicate creep” can leave safety and effectiveness inadequately established. In contrast, the
EU’s Medical Device Regulation (MDR/IVDR) mandates clinical evaluation for diagnostic Al before CE marking, including
trials or real-world data demonstrating intended performance (*°! www.osborneclarke.com). Anticipating more Al-specific
laws, the forthcoming EU Al Act will impose high-risk requirements on many Al-active medical devices, such as strict data

governance and bias controls (I° www.oshorneclarke.com).

High-quality clinical evidence is needed at every stage of Al development. Retrospective validation on historical data is
a necessary minimum, but by itself is insufficient. Prospective studies in intended clinical workflows are strongly preferred
—ideally randomized trials or rigorous cohort studies that measure how Al use affects diagnoses, treatments, and patient
outcomes. For example, the landmark FDA-clearance study of IDx-DR (diabetic retinopathy Al) was a prospective trial
of 900 patients that showed 87.2% sensitivity and 90.7% specificity for detecting referable retinopathy, significantly
exceeding pre-set targets (") pmc.nchi.nim.nih.gov) (¥ vaww.medtechdive.com). Similarly, the first large randomized trial of Al
in breast cancer screening (the Swedish MASAI trial) demonstrated that an Al-assisted mammography overall improved
cancer detection by 29% without raising false positives, and reduced later-stage cancer diagnoses by 12% (!
ecancer.org) ("9 www.medicalnewstoday.com). These findings underscore that prospective clinical evaluation and
statistical significance against pre-specified endpoints are critical. Where trials are infeasible, well-designed real-
world cohorts and registries—with transparent reporting of sensitivity, specificity, and calibration—can help build the
evidence base.

Nevertheless, experts observe that current evidence generation is fragmented (**! pmc.nchi.nim.nin.gov). Many
published studies rely solely on in silico or retrospective analysis, often with biased or non-representative data (/**!
www.sciencedirect.com) (MY pme.nebi.nim.nih.gov). This leads to a “high risk of bias” identified in systematic reviews (**/
www.sciencedirect.com). The lack of standardized reporting (as highlighted by CONSORT-AI and STARD-AI initiatives)
makes it hard to compare studies or trust claims. Regulatory reviewers increasingly demand transparency: the FDA's own
Al-Enabled Device List stipulates that authorized devices have undergone appropriate clinical evaluation of safety and
efficacy (**! www.fda.gov). The EU’s new guidance explicitly requires “robust clinical evidence ... using data that is
representative of the intended patient population” (*) www.osborneclarke.com). In practice, companies are advised to
document data quality, plan for bias mitigation, and engage in post-market surveillance to ensure algorithms remain safe

as data drift and software updates occur (°) www.osborneclarke.com).
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In this report, we analyze the current state and future prospects of clinical evidence for Al diagnostics. We review
regulatory frameworks (US, EU, and other regions), detail the types and quality of data needed, and discuss study
designs (from in silico trials to randomized controlled trials). We highlight multiple case examples—from autonomous
retinal screening to stroke triage—to illustrate how evidence generation can succeed or fall short. We also examine
expert opinions and published findings on necessary performance standards, validation strategies, and post-market
monitoring. Ultimately, rigorous and standardized evidence generation will be essential to fully realize Al diagnostics’
promise of improved accuracy, efficiency, and patient outcomes.

Introduction and Background

Artificial intelligence (Al) in medicine promises to augment or even automate diagnosis by leveraging machine learning on
large clinical datasets. An Al medical diagnostic device (AIMDD) uses algorithms to analyze multi-source data—such
as symptoms, vital signs, medical images, and lab results—to determine disease type, stage, or severity, and to assist
clinicians (") www.sciencedirect.com). In practice, Al diagnostics often manifest as software-as-a-medical-device (SaMD).
For example, convolutional neural networks in imaging (radiology, pathology) perform automated lesion detection or
grading, while natural language processing can flag mentions of disease in clinical notes. Al tools are positioned as
second readers or prescreeners, relieving workload and improving consistency by catching findings a human might miss
(" www.sciencedirect.com). Indeed, studies have shown that Al assistance can increase sensitivity and diagnostic
consistency for clinicians (*°/ www.sciencedirect.com). Clinical implementations today include diabetic retinopathy
screening (IDx-DR), stroke detection systems (e.g. Viz.ai), and tools for lung nodule triage, arrhythmia alerts, and more.

The potential market for Al in healthcare is enormous: projections estimate the global Al medical technology market
reaching ~$188 billion by 2030 (") vww.sciencedirect.com). However, despite impressive research prototypes, actual
deployment lags. A recent survey found “over 90% of Al models have not been applied in routine clinical practice” ('
www.sciencedirect.com). Barriers include the limited availability of high-quality, representative data for training; concerns
over patient privacy and data security; and the “black-box” nature of many algorithms which hinders clinician trust (**
www.sciencedirect.com). Ethical and legal issues—such as algorithmic bias, liability for misdiagnosis, and equitable access
—also complicate adoption. Crucially, the lack of robust evidence of accuracy and safety in real clinical settings
undermines both regulators’ and clinicians’ confidence () pmc.ncbi.nim.nin.gov) (! www.sciencedirect.com). As one expert
review observes, although Al diagnostics are widely anticipated to improve care processes, “little evidence exists so far
for their effectiveness in practice”, raising questions about when, how much, and whom they truly help (*/

pmc.ncbi.nim.nih.gov).

Regulators, health systems, and professional groups are striving to address these gaps. International guidelines (e.g.
SPIRIT-Al, STARD-AI, CONSORT-AI) have been proposed to standardize the design and reporting of Al studies (*°
pmec.nchi.nim.nih.gov). Regulatory agencies (FDA, EMA, NMPA, etc.) are updating rules and issuing guidance on Al-
specific considerations (data quality, bias, updates). Concurrently, health technology assessment bodies like NICE have
developed evidence frameworks to guide Al adoption (*°) pmc.nebi.nim.nih.gov) (°) www.sciencedirect.com). Despite these
efforts, the field is still maturing: as Weissman et al. note, “the rate of investment has outpaced the rate of high-quality
evidence production” for Al systems (i“*! pmc.ncbi.nim.nih.gov). For Al diagnostics to be safe, effective, and trusted, a
rigorous body of clinical evidence—on par with traditional medical devices—must be developed.

This report systematically examines clinical evidence requirements for Al diagnostic tools. We begin with an overview
of regulatory landscapes globally, then delve into what constitutes appropriate evidence. We consider both statistical
measures of performance (sensitivity, specificity, AUC, etc.) and clinical outcomes (impact on patient care). We discuss
study designs—from retrospective validations to prospective trials—and challenges unique to Al (e.g. dataset shift,
transparency). Multiple real-world case studies illustrate how evidence has been generated (or neglected) in practice.
Throughout, we incorporate the latest data, expert analyses, and regulatory announcements to paint a comprehensive
picture of current and emerging standards for evidence in Al diagnostics.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 3 of
reserved. 17


https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=In%20the%20field%20of%20medicine%2C,6
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=AI%27s%20role%20in%20diagnostics%20is,9
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=These%20advancements%20facilitate%20the%20intelligent,3
http://viz.ai/
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=capabilities%2C%20AIMDDs%20have%20become%20an,5
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=However%2C%20despite%20the%20promising%20prospects,driven%20clinical%20decision
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=However%2C%20despite%20the%20promising%20prospects,driven%20clinical%20decision
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=However%2C%20despite%20the%20promising%20prospects,driven%20clinical%20decision
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=However%2C%20despite%20the%20promising%20prospects,driven%20clinical%20decision
https://pmc.ncbi.nlm.nih.gov/articles/PMC12339208/#:~:text=predicting%2C%20and%20even%20generating%20important,Different
https://www.sciencedirect.com/science/article/pii/S2950489926000011#:~:text=However%2C%20despite%20the%20promising%20prospects,driven%20clinical%20decision
https://pmc.ncbi.nlm.nih.gov/articles/PMC12339208/#:~:text=predicting%2C%20and%20even%20generating%20important,Different
https://pmc.ncbi.nlm.nih.gov/articles/PMC12339208/#:~:text=predicting%2C%20and%20even%20generating%20important,Different
https://pmc.ncbi.nlm.nih.gov/articles/PMC11410966/#:~:text=CONSORT,In%20addition
https://pmc.ncbi.nlm.nih.gov/articles/PMC11410966/#:~:text=CONSORT,In%20addition
https://pmc.ncbi.nlm.nih.gov/articles/PMC8236783/#:~:text=used%20to%20identify%20the%20most,2%20%E2%80%93%2019
https://www.sciencedirect.com/science/article/pii/S2589750022000309#:~:text=a%20medical%20device%2C%20a%20new,specific%20complexities%2C%20which%20include
https://pmc.ncbi.nlm.nih.gov/articles/PMC12339208/#:~:text=growing%20financial%20incentives%20%2816%20%29,medical%20devices%20presents%20itself%20today
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=clinical-evidence-requirements-for-ai-diagnostic-tools.pdf
https://intuitionlabs.ai/articles/clinical-evidence-requirements-ai-diagnostics?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=clinical-evidence-requirements-for-ai-diagnostic-tools.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=clinical-evidence-requirements-for-ai-diagnostic-tools.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech Clinical Evidence Requirements for Al Diagnostic Tools

Regulatory Landscape for Al Diagnostic Tools

Al diagnostic software generally falls under medical device regulations worldwide. However, frameworks differ by
jurisdiction:

United States (FDA)

In the U.S., Al diagnostic tools are regulated by the Food and Drug Administration (FDA) as medical devices if they
meet the statutory definition (intended for diagnosis/treatment and not exempt). Most Al tools are Software as a Medical
Device (SaMD). The FDA's Digital Health division has released guidance clarifying when clinical decision support (CDS)
software is a device and how Al/ML-specific devices are categorized (22! pmc.nchi.nlm.nin.gov) () pme.ncbi.nim.nih.gov).
Broadly, software that provides recommendations “to inform or influence” clinical decisions is a medical device, whereas
software that merely presents data or guidelines without interpretation is often not (per FDA's 2017 Final Guidance on
Clinical Decision Support) (“*! pmc.nchinim.nin.gov) (“°! pme.nebinim.nin.gov). Importantly, if an Al system substitutes for
or automates clinician judgment in a diagnosis (especially in time-critical conditions), it is classified as a medical device

26]

subject to FDA review ([ pmc.ncbi.nim.nih.gov) ([251 pmc.ncbi.nim.nih.gov).

FDA Pathways and Evidence Expectations

Once deemed a device, an Al diagnostic tool typically enters the FDA market via one of three pathways:

1. Premarket Approval (PMA): The highest-risk category requiring substantial clinical evidence (usually from RCTs or
trials) demonstrating safety and efficacy. Very few software products go PMA.

2. Premarket Notification (510(k) or PMN): The most common route for Al software. Here the manufacturer must
show the device is “substantially equivalent” to a predicate device already legally marketed. Crucially, this ~requires
much less clinical evidence than a PMA (“/ pmc.ncbi.nim.nih.gov) (°! pme.nchi.nim.nih.gov). In practice, most cleared Al
tools rely on comparisons to older devices. Weissman et al. report that “the PMN pathway that requires little clinical
evidence if substantial equivalence to a predicate device is established may undermine efforts to establish safety
and effectiveness for modern Al medical devices” (*°' pmc.ncbi.nim.nih.gov). They describe instances of “predicate
creep,” where chains of predicates (some dating to the 1980s) vitiate meaningful evaluation (*’' pmc.nchi.nlm.nih.gov).
Indeed, since 2020 the FDA has maintained a public database of AlI/ML devices showing that the majority of FDA-
authorized Al devices were cleared through 510(k)/PMN (1 pmc.nchi.nim.nih.gov).

3. De Novo Classification: For novel, moderate-risk devices without a suitable predicate. This pathway can require
clinical data but is less burdensome than PMA. Some Al systems (especially truly pioneering ones) may use De
Novo.

The FDA explicitly reviews safety and effectiveness evidence in these applications. Its own Al-Enabled Devices list notes
that included products “have met the FDA's applicable premarket requirements, including a focused review of the device’s
overall safety and effectiveness,” which entails evaluating study appropriateness for the device’s intended use (*°
www.fda.gov). In practice, however, 510(k) clearances often involve limited clinical validation. Critics argue that many
cleared Al tools have not undergone rigorous prospective evaluation (*°) pme.ncbi.nim.nih.gov) (°' pme.nebi.nim.nin.gov).
FDA's 2022 guidance on Computer-Assisted Detection in Radiology, for example, still allows retrospective imaging data
as primary evidence for 510(k) submissions, with only a recommendation to perform “clinical performance assessment”
when possible (°°! pmc.nchinim.nih.gov).

The FDA is adapting to these concerns. In 2021 it released an Action Plan for Al/ML-Based SaMD, emphasizing “Good
Machine Learning Practices” (GMLP) for development, real-world monitoring, and change management. The FDA also
convened the AlI/ML Consensus Conference to define best practices. Future regulatory updates will likely stress lifecycle
oversight and outcome-based evaluation (as hinted in Weissman et al.: “priorities include ... a focus on patient health
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outcomes” (I pme.nebi.nim.nih.gov)). For now, however, the onus remains largely on developers to justify performance
with available data.

European Union (MDR/IVDR and forthcoming Al Act)

In the EU, Al diagnostic software is regulated under the Medical Device Regulation (MDR) or In Vitro Diagnostic
Regulation (IVDR), depending on claimed purpose. Since May 2021, the MDR demands a higher standard of clinical
evidence than the previous MDD, with Notified Bodies required to review clinical data for all lla+ devices. A central
principle is clinical evaluation: manufacturers must demonstrate conformity by generating clinical data proving safety and
performance per State of the Art and Claim requirements. For diagnostic software, this could involve clinical trials,
prospective studies, or retrospective analyses, provided they use representative patient data and real-world settings.

Recent EU guidance (joint MDCG/AIB FAQ) clarifies specific expectations for Medical Device Atrtificial Intelligence
(MDAI). Key points include:

« Under MDR/IVDR, manufacturers must generate “robust clinical evidence through clinical or performance evaluation,
using data that is representative of the intended patient population and use environment” (I°/ vww.oshorneclarke.com).

« The incoming EU Al Act (effective 2024-2025) treats most mid/high-risk medical Al as “high-risk” Al systems. The Al
Act augments MDR obligations by requiring that training, validation, and test datasets for high-risk Al be “relevant,
sufficiently representative, error-free, [and] complete” (1 vw.osborneclarke.com). It specifically mandates
documentation of bias mitigation strategies and ongoing performance monitoring (' www.oshorneclarke.com).

« The EU guidance notes that alongside MDR'’s clinical evidence provisions, Al-specific rules call for comprehensive
data governance and continuous surveillance to ensure post-market safety (1°2/ www.oshorneclarke.com).

« Notably, the EU rules do not fundamentally lower evidence standards for Al; they reinforce that even Al's “self-
learning” aspect must be controlled. The MDR requires that any significant software changes (including model
updates) be documented, and high-risk Al likely will necessitate new conformity assessments after major updates

(BZJ www.osborneclarke.com).

The EU’s system is thus risk-based: a Class lla (for example, a non-implantation diagnostic tool) Al device will need at
least a documented performance evaluation (often retrospective or bench testing), while a Class Il (e.g. critical
diagnostics) or high-risk I1VD requires detailed clinical investigations. The new Al Act adds an extra layer: manufacturers
must meet its requirements in addition to MDR obligations, meaning the total evidence dossier can be more stringent
(and costly) than for non-Al devices. However, unlike the U.S. FDA defaulting to cheaper predicate clearance, the EU has
no “predicate pathway” analogue beyond De Novo-type concept: every device must comply with essential requirements
and often face Notified Body scrutiny (*°! pmc.ncbi.nim.nih.gov). In short, CE marking of Al tools will typically require clear
demonstration (via study data or literature) that the algorithm achieves its claimed performance in the target population.

Other Jurisdictions

« United Kingdom: Post-Brexit, the UK’s Medicines and Healthcare products Regulatory Agency (MHRA) enforces
the UKCA mark similarly to the EU MDR/IVDR. Additionally, the UK’s National Institute for Health and Care
Excellence (NICE) has published an Evidence Standards Framework for digital health technologies (DHT) (\*°!
pme.ncbi.nlim.nin.gov) (%) pme.nebinim.nih.gov). While not regulatory law, NICE’s framework influences NHS
procurement: it categorizes DHTs by function and prescribes evidence levels (from basic usability studies to RCTs)
depending on claimed benefit. Al diagnostic tools (likely in higher tiers) are expected to show real-world clinical
effectiveness and cost-effectiveness. The UK Department of Health’s code of conduct for data-driven health tech
also emphasizes evidence of safety and efficacy.

« China: The National Medical Products Administration (NMPA) regulates Al diagnostic devices under its classification
rules. According to Liu et al. (Nature Digital Medicine 2024), China had approved 59 Al medical devices by mid-2023
(**! pme.nebinlm.nih.gov). Chinese regulation is characterized as more “rules-based”; novel Al algorithms often fall
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under Class IIl, requiring clinical trial data for approval (°*! pmc.nchi.nim.nih.gov). The guidelines emphasize that if an
Al algorithm provides diagnosis or treatment suggestions (particularly for serious conditions), it is high-risk (Class Il1)
and must undergo rigorous validation. The Chinese framework also focuses heavily on data security and algorithm
transparency, though public detail on specific study requirements is sparse. (In practice, many Al devices are first
piloted in tertiary centers under regulatory research exemptions before seeking full approval.)

» Other Regions: Jurisdictions like Japan and Canada similarly handle Al tools as medical devices. For example,
Japan’s Pharmaceuticals and Medical Devices Agency (PMDA) uses a risk-based classification and has issued
guidance encouraging reliance on Al-specific standards. In all cases, the trend is global convergence: regulators
expect evidence of safety and performance before marketing, with increasing emphasis on real-world effectiveness
and equity post-market.

The key takeaway is that regulatory authorities now clearly require evidence appropriate to the risk and novelty of
the Al diagnostic. Notably, evidence requirements for Al—if not explicitly detailed in older frameworks—are being
codified via guidelines, standards, and new legislation (e.g. the EU Al Act). For high-stakes diagnostics, both U.S. and EU
regimes ultimately demand demonstration of clinical validity (accuracy) and often clinical usefulness. Critically, regulators
emphasize that data quality and representativeness are part of evidence quality: it is not enough to report high AUC

on a homogeneous dataset if the real-world patient mix differs (°) www.osborneclarke.com) (°' www.oshorneclarke.com).

Clinical Evidence Standards and Guidelines

Given this regulatory landscape, what constitutes acceptable “clinical evidence” for Al diagnostics? While details vary, a
consensus is emerging across academic and policy circles:

« Performance Metrics as Minimum: For diagnostic accuracy, key statistics include sensitivity, specificity, and area under the Receiver
Operating Characteristic (ROC) curve (AUROC). These metrics should be reported with confidence intervals and on predefined
endpoints. For example, pivotal Al trials often set superiority thresholds (as with IDx-DR) that must be met or exceeded. The FDA has

long emphasized sensitivity/specificity (see its 2022 guidance on Computer-Assisted Detection) ([SOJ pmc.ncbi.nim.nih.gov).
However, modern evaluators caution against relying solely on summary metrics: they advocate thorough calibration (to ensure predicted
risks match observed rates) and decision curve analysis (to understand clinical impact) when possible.

+ Representative Datasets: Demonstrating accuracy requires that test data reflect intended use. EU guidance explicitly calls for “data

representative of the intended patient population and use environment” (BJ www.osborneclarke.com). This echoes calls in the literature
to avoid sampling bias. The scoping review by Xu et al. highlights that many Al studies suffer spectrum bias (e.g., evaluating mostly

severe cases) and under-represent minorities (LlZJ www.sciencedirect.com). Best practice is to include diverse, multi-center cohorts,
and to perform external validation on entirely independent datasets (different hospitals, geographies, or time periods) (|12|

www.sciencedirect.com) (HH pmc.ncbi.nim.nih.gov).

« Clinical Utility and Outcomes: Accuracy alone may not predict clinical benefit. Regulators increasingly ask: does the Al improve patient
care? For example, demonstrating that an Al triage tool reduces time to treatment (as with some stroke apps) or that an autonomous
reader leads to earlier therapy (as with the MASAI breast screening) is far more compelling than HRROC values. Randomized trials (or at
least well-controlled prospective studies) can capture such utility. Level-of-evidence frameworks note that evidence on patient outcomes
(e.g. morbidity, mortality, quality of life) can substantially strengthen a case for benefit.

« Reporting Standards: A growing suite of guidelines prescribes how to design, conduct, and report studies on Al diagnostics. Key
examples include:

« CONSORT-AI (Lancet Digital Health 2020): An extension of the CONSORT RCT checklist, requiring specification of Al interventions,

algorithm versions, data pre-processing, and error analysis (“8] pmc.ncbi.nim.nih.gov).

« DECIDE-AI (BMJ 2022): Guidance for early-phase clinical evaluation of Al decision-support tools, emphasizing iterative assessment and

transparency in algorithm changes (ug] pmc.ncbi.nim.nih.gov).

« TRIPOD-ML (BMJ 2023/24): Extension for reporting machine learning-based prediction model studies, focusing on model development

and validation ([35] pmc.ncbi.nim.nih.gov).
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+« STARD-AI (Nat Med 2020): A planned extension of the STARD diagnostic accuracy reporting guidelines specifically for Al applications; it
covers issues like calibration and explainability.

« NICE Evidence Standards Framework (ESF): While UK-specific, the ESF delineates levels of evidence (Tier C for diagnostic tools)
ranging from well-designed observational studies to RCTs for demonstrating impact, along with reference case requirements (119]

pmc.ncbi.nlm.nih.gov) (BSJ pmc.ncbi.nim.nih.gov).

« FDA GUIDANCE: The FDA has also issued (or is developing) guidances. For instance, its 2022 draft guidance on Computer-Assisted
Detection in radiology outlines when clinical data are needed for 510(k) submissions ([301 pmec.nchi.nlm.nih.gov). Moreover, the FDA's
notion of Good Machine Learning Practice (GMLP) emphasizes plans for real-world monitoring and “predetermined change control plans”

for algorithms (%) pmc.ncbi.nlm.nih.gov).

« International Medical Device Regulators Forum (IMDRF): IMDRF has defined SaMD and is convening working groups on Al/ML quality
systems.

Table 1 summarizes selected frameworks and guidelines relevant to Al diagnostic evidence generation:

Guideline /

Focus | Scope Issued By | Year Key Aspects
Framework

[18]

CONSORT-AI Reporting of RCTs involving Al Lancet Digital Health Extends CONSORT to include Al-specific details (algorithm, data drift, human-Al interaction)

inte ti 2020,

nierventions (e020) pmc.ncbi.nlm.nih.gov).

' - N . v [18]

Early-stage evaluation of Al-driven decision Checklist for designing and reporting first-in-human clinical studies of Al tools (
DECIDE-Al BMJ (2022)

support pmc.ncbi.nim.nih.gow).
TRIPOD-ML (and ML-based prediction model studies BMJ/Annals Intern Med ) . o o

Specifies items for studies developing or validating ML models (e.g., dataset splitting, hyperparameters).
TRIPOD-AIl) (development/validation) (2023/24)
Defi : cl | eff d id d for DHT ad (19]

NICE ESF Evidence standards for digital health NICE (2018; updated efines tiers: clinical effectiveness and economic evidence required for adoption (

technologies 2021, 33 : :

9 ) pmc.ncb\.n\m.mh.gow([ 3l pmc.ncbi.nim.nih.gov).
FDA AIIML Action Quality system principles for Al medical . . o . .
) FDA (2021 - ongoing) Emphasizes validation, real-world performance monitoring, predetermined plans for algorithm updates.
Plan /| GMLP devices
. . Nat Med viewpoint . I . b .

STARD-AI Diagnostic accuracy studies for Al tools Call to adapt STARD checklist to Al; focus on calibration, data shift, and explainability in diagnostics.

(2020)

Table 1. Examples of selected guidelines and frameworks guiding the evaluation of Al diagnostic tools. Each provides
criteria or checkilists for evidence generation and reporting. Citations in the key aspects column indicate source
discussions.

These guidelines reflect a consensus that transparency and rigor are essential in Al studies. As one review notes,
initiatives like CONSORT-AI and DECIDE-AI are being developed “in close collaboration with key stakeholders... to
generate a consensus applicable across the community” (**) pmc.ncbi.nim.nih.gov). However, adoption is variable: many
published Al studies still do not fully follow these guidelines, contributing to the heterogeneity and uncertainty noted by
regulatory reviewers ([11] pmc.ncbi.nim.nih.gov) (”2] www.sciencedirect.com).

Evidence Generation and Study Design

Producing credible clinical evidence for Al diagnostics involves multiple study designs. Ideally, a development pathway
leads from preclinical validation to clinical validation and finally to outcome studies, each with appropriate rigor. We
outline the common phases and their considerations:

In Silico and Retrospective Validation

Concept: Assessment of the Al model using existing datasets, often fully annotated, to estimate performance metrics.
This is typically the first step, akin to technical validation.
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- Data Sources: May include public datasets (e.g. publicly available imaging collections) or institutional data cohorts.
For example, many early Al diagnostic papers use retrospective imaging archives for training and testing. However,

Xu et al. caution that well-annotated public datasets remain limited (°°/ www.sciencedirect.com).

« Performance Metrics: Sensitivity, specificity, positive predictive value, AUC, F1 score, etc. Cross-validation and
holdout test sets are common. Calibration plots (predicted vs actual probability) and decision curve analyses are

recommended for completeness.

. Limitations: Overfitting is a major risk if data are limited or not diverse (°°/ www.sciencedirect.com). Even a high AUC
on internal validation does not guarantee real-world success. Key failure modes include lack of external validity: e.g.,
an algorithm trained on one hospital’s CT machines may underperform on a different machine. There is also a trend
of “data leakage” or bias: retrospective cohorts often exclude borderline cases or have spectrum bias (!

www.sciencedirect.com).

« Regulatory View: Such studies are necessary but only preliminary. The FDA generally expects at least a “clincial
performance assessment” to accompany 510(k) for Al in imaging (°°' pmc.nchi.nim.nih.gov). Some FDA guidances
suggest retrospective data are acceptable for initial clearance, provided the databases are robust (e.g. Radiological
Computer-Assisted Detection guidance).

Prospective Clinical Validation (In-Clinico Studies)

Concept: Evaluating the Al tool in a clinical setting going forward. This includes studies where the Al is integrated into

practice (even if results are not used) or where samples are collected prospectively.

« Non-Randomized Trials | Cohorts: Many regulatory clearances rely on prospective observational studies. For
example, the IDx-DR pivotal trial was a prospective single-arm study: primary care clinics enrolled patients without
known DR, and the Al's decisions were compared to gold-standard grader assessments (' pmc.nebi.nlm.nih.gov).
Similarly, a company might perform a prospective “silent mode” rollout where Al runs in the background while doctors
render their usual diagnoses; discrepancies are later analyzed.

« Randomized Controlled Trials (RCTs): The gold standard for demonstrating impact on care. In the Al context,
RCTs can randomize patients or providers to use-Al versus standard care. An example is the MASAI trial of Al
mammography, described above, which randomized screening units to Al-assisted reading or standard reading (°!
ecancer.org) (M9 www.medicalnewstoday.com). RCTs control for confounders and can measure endpoints like stage at

diagnosis or downstream treatment outcomes.

« Trial Design Considerations: Protocols must pre-specify primary outcomes (not just AUC) and analysis plans. The
SPIRIT-Al and CONSORT-AI guidelines encourage detailing how the Al is locked (no changes during trial), how it will
be deployed, and how clinician training is handled (*°!

detection rate, false referral rate, time to diagnosis, or resource utilization.

pme.ncbi.nim.nih.gov). Endpoint examples include lesion

« Regulatory Role of RCTs: While not universally required (especially for lower-risk support tools), RCT or controlled
study data can accelerate acceptance. For example, in 2023 the FDA granted a New Tech Add-On Payment (NTAP)
for an Al sepsis detection tool, apparently based on evidence that it improved patient outcomes, highlighting how
payers also look for clinical benefit evidence (°°! pmc.ncbi.nim.nih.gov).

Real-World and Post-Market Studies

Even after regulatory clearance, evidence generation continues:

« Post-Market Surveillance: Regulators often require post-market surveillance plans. Consumer feedback, adverse
event reports, and performance audits in deployment settings help detect issues (e.qg. drift, rare errors). The Al Act
will mandate additional post-market monitoring for high-risk Al medical devices.

« Registries and Big Data: Healthcare systems or consortia may set up registries tracking Al tool usage and
outcomes. For instance, an Al for diabetic retinopathy might be monitored in a large diabetic screening program to
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measure real-world sensitivity and referral impact.

« Technology Maintenance: If an Al tool is updated (e.g. new model trained on more data), regulators may treat this
as a new iteration requiring new evidence or streamlined review. The FDA's forthcoming “Predetermined Change
Control Plan” concept addresses how manufacturers should plan for future updates.

« Reproducibility: Replication of performance in independent settings is part of evidence quality. For example, a
multi-center study of the Viz.ai LVO tool across 166 hospitals found consistent reduction in stroke treatment times ('
www.viz.al). (Data from 2023 press reports indicate ~30-40 minutes saved in door-to-puncture times (%! www.viz.ai),
later confirmed in a peer-reviewed single-center study (“°! pmc.nchi.nim.nih.gov).)

Statistical Considerations

Designing evidence generation also involves statistical rigor:

- Sample Size and Power: Diagnostic accuracy studies require enough cases (positive and negative) to estimate
metrics precisely. Sample size calculations should be based on anticipated prevalence and desired confidence
intervals. Underpowered studies risk misleadingly wide Cls.

« Bias Control: Randomization is the best control; if not used, careful cohort matching and adjustment (or case-
control design) should be considered. Cross-validation must avoid data leakage.

« Multiple Comparison and Overfitting: When many models or cutoffs are tested, corrections or a holdout test set is
needed to avoid optimistic bias.

« Reporting Uncertainty: All performance numbers should carry confidence intervals. Decisions should account for
the inherent stochasticity of Al outcomes.

« Health Economics: Increasingly, evidence dossiers include cost-effectiveness analyses. For health systems to
invest needle, they look for data on how Al tools change hospital stay, require fewer follow-ups, etc.

Case Studies and Examples

To ground these concepts, we examine several high-profile Al diagnostic tools as illustrative case studies. Each highlights
specific evidence strategies and regulatory outcomes:

1. IDx-DR: Autonomous Diabetic Retinopathy Detection

Overview: IDx-DR (by Digital Diagnostics, formerly IDx) became in 2018 the first FDA-authorized autonomous Al
diagnostic system in any medical field (I’! prmc.nchi.nim.nih.gov). It is intended to run on fundus photographs taken in
primary care and output a binary result: referable DR or not.

Clinical Trial Evidence: The FDA clearance was based on a pivotal prospective study of 900 patients with diabetes,
none previously diagnosed with DR (") pmc.nebi.nim.nih.gov). Patients underwent retinal imaging, and IDx-DR’s output
was compared to an expert reading center’s grading using the ETDRS gold standard. The primary endpoint was to
demonstrate sensitivity >85% and specificity >82.5% for detecting more-than-mild DR. The results were very positive:
IDx-DR achieved 87.2% sensitivity (95% Cl 81.8-91.2%) and 90.7% specificity (95% Cl 88.3-92.7%), exceeding both
prespecified thresholds (") pmc.nchi.nim.nih.gov). Its imageability (proportion of eyes with gradable images) was also very
high at 96.1%. The trial was published in NPJ Digital Medicine ("' pmc.nchi.nim.nih.gov) immediately after FDA clearance,
and coverage noted that the 900-patient trial “beat the pre-specified endpoints for sensitivity and specificity” (\°
www.medtechdive.com). This high-quality trial (random sampling of primary care patients) provided evidence of real-world
performance, which FDA cited in its summary (via the Al-Enabled Devices List).
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Real-World Performance: Subsequent studies have examined IDx-DR in practice. A 2026 German study reported that
when excluding ungradable images, the system achieved up to 94.4% sensitivity and 90.5% specificity for severe DR (14"
pme.nchi.nim.nih.gov). However, the study also highlighted imageability issues: when including non-gradable cases,
sensitivity dropped. This reflects an important evidentiary point: the prospective trial had strict training of personnel on
image capture, whereas real-world sites vary. Such post-market evidence underscores the need for robust data
acquisition protocols as part of clinical utility demonstration.

Regulatory Impact: IDx-DR’s approval demonstrated the FDA's willingness to accept prospective trial data. Digital
Diagnostics had locked the algorithm before study start and treated it as a “finished device”. The trial's success meant
that Medicare granted a New Technology Add-On Payment (NTAP) for the system in 2020, recognizing clinical benefit.
More broadly, IDx-DR set a precedent: future autonomous diagnostics aimed to mimic this approach of RCT-like
evidence.

2. vizai LVO: Al-Powered Stroke Triage

Overview: Viz.al's software automatically reads head CT angiograms to detect suspected large-vessel occlusion (LVO)
strokes, then alerts neurointerventional teams. It does not make a diagnosis independently, but serves as a critical rapid
triage aid.

Evidence: Vviz.ai's path to FDA clearance in 2018 was via 510(k) (safety benchmark). The published data before
clearance included retrospective cohorts showing high sensitivity (90-95%) for detecting LVO in CTAs. After launch,
multiple real-world studies reported patient outcome benefits. For example, a 2022 Stroke journal article by Hassan et al.
reported that implementing Viz.ai at a comprehensive stroke center significantly shortened the door-in to puncture time by
86.7 minutes (median 206.6 — 119.9 minutes, p<0.001), and also increased reperfusion rates (TICI 2b-3) (*]
pmec.nchi.nim.nih.gov). The authors concluded that “incorporation of the software was associated with a significant
improvement in treatment time... as well as significantly higher rates of adequate reperfusion” (**! pmc.nchi.nim.nih.gov).
Importantly, this was not a randomized study but a before-vs-after design. It nonetheless provided evidence that Al triage
expedited care in a real hospital setting.

Other multicenter registries (not peer-reviewed) similarly noted reduced treatment times and better outcomes across
hundreds of sites (“° www.viz.ai). In response to these findings, hospitals adopting Viz were required by payers (e.g.
insurers) to monitor door-to-needle times, aligning with regulatory emphasis on outcomes rather than just accuracy.

Regulatory and Clinical Lessons: Viz.a's example shows a use-case where RCTs are less common; yet, observational
data can be persuasive if systematic. Regulators expect such tools to back up claims (see FDA's guidance: high-risk,
time-critical CDS fails the non-device criteria, so one needs data to assure safety). Indeed, Weissman et al. note that
“prospective, multicenter, controlled studies with a larger cohort are warranted” for Viz-type tools (**!
pme.nchi.nim.nih.gov). The Hassan study itself points out the need for larger trials to confirm benefits. In short, Al for
workflow improvement still requires measurable clinical benefit evidence. The substantial door-to-puncture gains and
higher reperfusion rates in the Viz.ai example provide a precedent that observational outcomes data can meet evidentiary
needs, though randomized or controlled studies might be needed for broader claims.

3. Danish Al-Powered Gastroenterology (Example of Caution)

Overview (Hypothetical/illustrative): In contrast, consider a gastrointestinal endoscopy Al tool (e.g. for polyp detection)
that was tested in practice. Recent studies have shown that reliance on such Al can inadvertently reduce human skill: a
2025 Lancet Gastroenterology study reported that doctors who used Al-assisted colonoscopy became “less skilled” at
spotting cancers when acting without Al (““) time.com).

Lessons: This case highlights the subtleties of clinical evidence. Even if an Al performs well statistically, its impact on
actual clinician behavior matters. An Al aide that leads doctors to become complacent or deskilled can have
downstream safety risks. Such findings bolster the argument for longitudinal evidence and human factors studies, beyond
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pure accuracy stats. Regulatory frameworks are starting to consider such aspects: the EU Al Act’'s emphasis on human
oversight (requiring that for “critical, time-sensitive tasks” the user must be able to independently review Al
recommendations (1*°/ pmc.ncbi.nim.nih.gov)) hints that evidence must also address how clinicians interact with Al. In sum,
real-world evidence must capture not only Al accuracy, but also unintended effects on care.

4. Mammography Screening (MASAI Trial)

Overview: Mass screening for breast cancer via mammography has historically been done by human radiologists.
Recent European trials have begun to test Al as a secondary reader or screener. The MASAI trial in Sweden randomized
over 100,000 women to either standard double-reading or Al-assisted reading.

Results: The full MASAI results (Lancet 2026) found that Al-assisted screening detected 29% more cancers than
standard care, without increasing false positives (°°! ecancer.org) (*°! ecancer.org). More strikingly, women undergoing Al
screening had 12% fewer interval cancers (those discovered between scheduled screens) in the following two years (W"
ecancer.org) (9 www.medicalnewstoday.com). Specifically, there were 27% fewer advanced/aggressive cancers observed
in the Al group, indicating earlier catches tied to Al reading (*°! www.medicalnewstoday.com). These findings pass beyond
test accuracy to show population-level benefit (fewer deaths expected in long term).

Regulatory Implications: While these results were not needed for regulatory clearance of any one Al tool (European
devices could use existing software under CE mark), they have huge implications for adoption guidelines. Such RCT
evidence now gives health systems confidence to deploy Al at scale; indeed, authors of these trials argue that the
magnitude of benefit justifies implementing Al in screening programs (! ecancer.org). For regulators and payers, this
sets a benchmark: large, prospective trials with clinical endpoints could become expected evidence for high-impact
screening Al, much like those required for new screening drugs or devices.

Challenges and Considerations

Throughout evidence generation, numerous challenges must be addressed:

« Data Quality and Bias: As noted, datasets often suffer from imbalance, limited diversity, and annotation error (leJ
www.sciencedirect.com). Many reviews report spectrum bias and overfitting in the literature (|12| www.sciencedirect.com). To satisfy
regulators, developers must curate representative cohorts and transparently report dataset origins. Cross-ethnic validation is increasingly
considered mandatory.

« Explainability vs. Evidence: Unlike a drug, an Al's internal logic may not be human-readable. Regulators still require justification of
outputs. For example, the FDA's 2022 Al guidance suggests including clinical performance assessment and explaining algorithm decision
thresholds ('30] pmec.ncbi.nim.nih.gov). Claiming a “black box” exempts evidence is not acceptable. Instead, developers should
complement Al results with physician oversight or at least human review of a subset of cases for sanity-checking.

« Performance Drift and Versioning: Al models may degrade over time or with new data types (e.g., new scanner models, novel
pathogens). Continuous performance monitoring is needed. Regulators expect a plan: some jurisdictions (US, EU) propose mechanisms
for “predetermined variation control,” though details are evolving. In any case, post-market studies must track performance metrics over
time.

« Regressing Clinical Skills: The colonoscopy example underscores that evidence must consider the system effect. If Al is too entrusted,
it might lead to blind spots. Thus evidence requirements may include measures of clinician reliance and fallback performance.

« Equity and Safety: Emerging regulations (EU Al Act, FDA initiatives) demand demonstration of model fairness across subgroups.
Studies should stratify results by age, sex, race to look for disparities. Documenting steps taken to detect and mitigate bias (as mandated

by the Al Act (‘6‘ www.osborneclarke.com)) may become part of the evidence package.

Discussion and Future Directions
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The landscape of evidence requirements for Al diagnostics is dynamic. Key future directions include:

« Regulatory Evolution: The EU Al Act (effective 2024-25) will soon impose explicit obligations on “high-risk” healthcare Al, including post-
market monitoring, mandatory logging of models’ decision rationales (to an extent), and responsiveness to anomalies. FDA is working on
a Proposed Rule for AI/ML SaMD continued learning. International harmonization efforts IMDRF, WHO) may eventually standardize
expectations across jurisdictions.

« Continuous Learning Systems: Traditional evidence models assume a static device. Upcoming Al could continuously update with new
data (so-called “adaptive Al”). New regulatory paradigms (the FDA's “Predetermined Change Control Plan”) will require initial evidence
and a plan for maintaining it. Continual evidence generation (akin to post-market surveillance for drugs) will be critical.

« Converging Data Ecosystems: Federated learning and big EHR datasets may allow more efficient validation. Future evidence
generation might leverage large health networks (e.g. MIMIC, national registries) for multi-site validation without centralized datasets,
addressing privacy and generalizability simultaneously.

« Integration with Clinical Workflow: Evidence generation will increasingly involve human factors. For Al to be accepted, studies must
also show how it integrates seamlessly with clinician workflow. The technology is evolving toward more interpretability (e.g. heatmaps,
explanations) to aid acceptance. Future guidelines may formalize the need for demonstration of Ul/UX studies.

« Economic and Ethical Outcomes: Beyond clinical metrics, evidence on cost-effectiveness and ethical compliance will shape adoption.
For instance, NICE and other HTA bodies expect health impact modeling. Transparency (open models or published algorithms) may
become a factor in trustworthiness.

« Public Trust and Liability: Ultimately, robust evidence helps build trust among patients and deflects liability fears. Case law is emerging
on Al misdiagnosis; evidence of rigorous validation may be a key defense. Regulators may even consider requiring public reporting of Al
performance.

In conclusion, Al diagnostic tools hold intense promise but require commensurately rigorous clinical evidence for their
claims. Regulators worldwide are moving towards standards that emphasize representative data, performance
transparency, and demonstrable patient benefit. Early adopters like IDx-DR and Viz.ai demonstrate that well-designed
studies—preferably prospective and with hard clinical endpoints—are feasible and valuable. As Weissman et al. assert,
the biggest barrier is evidence: tools are being developed rapidly, but concerns remain due to “investments outpacing
evidence production” (“*) pmc.nchi.nim.nih.gov). Closing this gap will demand collaboration: regulators must continue to
clarify expectations, and developers must invest in high-quality trials and real-world studies. By prioritizing robust
evidence—guided by emerging frameworks and the lessons of early Al diagnostics—the medical community can ensure
that Al aids rather than undermines patient care.

Conclusion

Artificial intelligence diagnostic tools are poised to transform healthcare by augmenting clinical expertise with data-driven
insights. However, as of 2026, this transformation hinges on establishing solid clinical evidence. The evidence must show
not only that the Al produces accurate diagnoses (sensitivity, specificity, AUC), but also that it improves patient outcomes
or workflow in practice. Across jurisdictions, regulators underscore this point: the FDA's device clearances require
evaluations appropriate to risk (though often via modest 510(k) pathways), while the EU’'s MDR and new Al Act call for
“robust clinical evidence” using representative data (**/ www.osborneclarke.com) (°! vww.osborneclarke.com). Healthcare
bodies like NICE demand similar proof of clinical and economic benefit (1*°! prmc.nchi.nim.nih.gov) (°%! pme.nebi.nim.nin.gov).

Our review of current literature and examples shows that well-designed evidence can clear the path for Al adoption. The
IDx-DR and MASAI trials illustrate how prospective study data can meet regulatory standards and influence clinical
practice (I’ pmc.nchi.nim.nih.gov) (' ecancer.org). The Viz.ai experience shows that carefully collected real-world data can
validate effectiveness in urgent-care settings () pmc.ncbi.nim.nih.gov). Yet we also highlight prevalent shortcomings:
most published Al studies remain retrospective and unstandardized (I"* pmc.nchi.nim.nin.gov) ("2 vww.sciencedirect.com).
To rectify this, we emphasize adherence to reporting guidelines (CONSORT-AI, DECIDE-AI, STARD-AI, etc.) and
involvement of diverse, clinically realistic datasets. Stakeholders from academia, industry, and regulatory agencies must

collaborate on iterative, transparent evaluation frameworks (' pme.ncbi.nim.nin.gov) (*?) www.sciencedirect.com).
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Looking forward, evidence generation for Al will have to keep pace with the technology’s life cycle. Adaptive Al systems,
advances in data sharing, and evolving patient safety concerns mean that evidence will be an ongoing commitment
rather than a one-time hurdle. Incentives for post-market studies, cross-border data initiatives, and perhaps independent

certification bodies could all play a role in ensuring continuous validation.

In sum, the clinical evidence requirements for Al diagnostic tools are stringent but fair: they aim to ensure that only

demonstrably safe, effective, and unbiased Al systems enter the clinic. As Al becomes increasingly autonomous

and widespread, these requirements will crucially balance innovation with patient protection. By committing to rigorous,

evidence-based validation today, developers and healthcare systems can help Al diagnostics achieve their potential to

improve outcomes, reduce costs, and enhance the quality of care for all patients.

Tables

Regulatory Body /

Region/Jurisdiction
Framework

FDA

USA (FDA]
(FoR) (SaMD/MDR/MDUFA)

Notified Body under

EU (MDR/IVDR]
( ) MDR/IVDR; plus Al Act

MHRA (UKCA mark);

UK (MHRA/NICE)
( ) NICE Guidelines

China (NMPA) NMPA (CFDA)

Risk-based pathways: PMA (PMA-level evidence), 510(k) (predicate

4
equivalence, often limited clinical data) (L 1

pmc.ncbi.nim.nih.gov) (|5| pmc.ncbi.nim.nih.gov).

Clinical studies expected where no predicate.

All class Ila and above: Clinical evaluation (trial or retrospective/performance

studies) on representative data ([SJ www.osborneclarke.com).

6
Al Act mandates high-quality, bias-mitigated datasets ([ !

www.osborneclarke.com).

Similar to EU MDR (pre-market clinical eval.). NICE's Evidence Standards
Framework specifies levels of evidence for digital health (e.g. RCT

[19]

recommended for high-impact tools) (

pmc.ncbi.nim.nih.gov).

Rule-based classification: Many Al diagnostics considered Class Ill. Clinical

trial often required for novel tools ([04] me.ani .nim. nih.gov>.

Emphasizes registration of algorithm details.

Additional Notes

FDA provides Al/ML-specific guidance (e.g. GOOD ML practice,
software precert), and mandates focused review of safety/effectiveness

(13] www.fda.gov).

for cleared devices (

Combined compliance: devices may need CE mark and meet Al Act
rules (e.g. documentation of bias controls). New MDCG guidelines
[3]

clarify dual regulatory paths (

www.osborneclarke.com,.

Intends to align with EU frameworks. NICE ESF emphasizes cost-
effectiveness alongside clinical evidence (

pme.ncbi.nlm.nih.gov). uk code of Conduct for Al in Health
encourages transparent validation.
Chinese guidance is evolving; 59 Al devices approved by mid-2023

([OA] pmc.nchi.nlm.nih.gov). Focus on data security and

ethics, but detailed clinical trial frameworks are less established globally.

Table 2. Overview of regulatory frameworks and evidence expectations for Al diagnostic devices. “Pre-market Evidence”

summarizes general requirements per regulatory pathway. Sources: Weissman et al. (FDA insights) ()

pme.nchi.nim.nih.gov); EU MDR/AI Act guidance (©° www.osborneclarke.com) (°! www.osborneclarke.com); NICE framework

(! pme.ncbi.nim.nih.gov) (3% pme.ncbi.nim.nih.gov); Liu et al. on China (¥ pmc.ncbi.nim.nih.gov).

Figures: (Not included in text)

« (A) Flowchart of evidence generation stages for Al diagnostics (from in silico to RCT).

« (B) Example ROC curves and calibration plots from a hypothetical Al diagnostic trial.

Acknowledgements: References cited above provide detailed backing for each point, including regulatory guidance and
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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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