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ABSTRACT 
 

Medicine-safety evidence is distributed across spontaneous case reports, clinical records, registries, 

observational studies, scientific publications, regulatory assessments, product labels, and manufacturing or 

product histories. These sources differ in structure, terminology, provenance, temporal coverage, jurisdiction, 

and evidentiary meaning, limiting the reconstruction of how an emerging concern develops into a safety signal, 

causal assessment, regulatory response, or product change. This original knowledge-graph architecture article 

proposes a Global Safety Knowledge Graph that represents source records, normalized concepts, evidence 

claims, inferred relationships, assessment states, regulatory actions, and product versions as distinguishable but 

connected objects. The architecture combines an evidence-source layer, semantic and identity-resolution services, 

a temporal-provenance graph core, analytical and conflict-management functions, and governed review and 

feedback processes. Product versions, manufacturing changes, and exposure contexts are represented separately 

from active ingredients so that product-quality or traceability hypotheses are not misattributed to an entire 

substance or class. Conflicting evidence is preserved through support, challenge, supersession, and unresolved-

status relations rather than being overwritten during updating. Temporal representation distinguishes when an 

event occurred, when evidence entered the system, when an assessment changed, and when a regulatory or 

product action became effective. Validation is proposed across syntactic, semantic, identity-resolution, 

provenance, temporal, analytical, transportability, workflow, and decision-impact levels. The architecture may 

improve evidence traceability and support testable safety hypotheses, but it does not convert association into 

causation, eliminate source bias, establish regulatory acceptability, or justify automated clinical or regulatory 

decision-making. Its principal contribution is a unified, evidence-bounded model for connecting global medicine-

safety knowledge while preserving uncertainty, provenance, temporal history, and human responsibility.  
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INTRODUCTION 

Pharmacovigilance encompasses activities concerned with detecting, assessing, understanding, and preventing 

adverse effects and other medicine-related problems. Within that scope, an adverse event is an observation 

following exposure, an adverse drug reaction implies at least a suspected relationship, a safety signal is 
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information warranting further investigation, and causal assessment evaluates whether an observed relationship 

may be attributable to a medicine. These constructs should not be treated as interchangeable states of evidence 

[1]. 

Modern medicine-safety systems operate across a product lifecycle rather than through isolated signal-detection 

exercises. Reports are received, coded, assessed, combined with other evidence, communicated among 

institutions, and sometimes translated into risk-minimization measures, labeling changes, restrictions, or 

additional monitoring. These activities involve distinct professional, scientific, and regulatory responsibilities, 

and the progression from observation to action is neither automatic nor uniform across settings [2]. 

Global spontaneous-reporting resources provide extensive longitudinal evidence concerning suspected medicine-

related harms, but their scale does not remove limitations arising from under-reporting, stimulated reporting, 

missing clinical context, variable terminology, duplicate submission, and differences among reporting systems. 

Report counts and graph connectivity therefore cannot be interpreted directly as incidence, comparative risk, or 

causal strength [3]. 

This article develops an original, non-empirical architecture for linking case reports, clinical records, scientific 

literature, regulatory actions, and product changes within a provenance-preserving temporal knowledge graph. 

The contribution is not a new safety database, predictive model, causal-estimation method, or regulatory standard. 

It is a proposed conceptual structure for keeping heterogeneous evidence connected without erasing its origin, 

uncertainty, jurisdiction, temporal validity, or decision status. 

Fragmentation of global medicine-safety evidence 

Spontaneous reports, electronic health records, registries, claims databases, observational studies, literature, and 

regulatory documents produce complementary forms of safety evidence. Spontaneous reports may reveal unusual 

clinical patterns, whereas longitudinal healthcare data can provide denominators, comparators, exposure histories, 

and covariate information. These sources answer different questions and contain different biases; combining them 

does not make them methodologically interchangeable [4]. 

Fragmentation also arises from incompatible identifiers, terminology systems, schemas, access rules, and data-

governance arrangements. A medicine may be represented by an active substance, brand, authorization number, 

manufacturer, presentation, or local code, while an outcome may be encoded as a diagnosis, laboratory result, 

clinical narrative, adverse-event term, or study endpoint. Without maintained mappings and source-level 

provenance, apparent integration may conceal semantic disagreement rather than resolve it [5]. 

Organizational capability introduces a further layer of fragmentation. Pharmacovigilance institutions differ in 

staffing, technical infrastructure, reporting practices, analytical capacity, legal authority, and procedures for signal 

assessment or communication. Consequently, the absence of linked evidence may reflect limited surveillance 

capacity, incomplete access, delayed processing, or jurisdiction-specific practice rather than the absence of a 

medicine-safety concern [6]. 

The central problem is therefore not simply that safety information is stored in separate databases. Fragmentation 

is simultaneously technical, institutional, and procedural, so no single database or reporting reform can integrate 

the complete safety-evidence lifecycle [2, 4, 6]. The proposed graph interprets fragmentation as discontinuities 

among evidence objects, product identities, clinical contexts, time, provenance, and decisions. It may make these 

discontinuities inspectable, but it cannot eliminate under-reporting, correct all source biases, or equalize global 

surveillance capacity. 

Proposed global safety knowledge graph 

Knowledge graphs have been applied to pharmacovigilance tasks including adverse-event representation, 

literature integration, relationship discovery, and signal exploration, but existing implementations remain 

heterogeneous in their source coverage, semantics, validation, and intended uses [7]. The proposed Global Safety 

Knowledge Graph extends this work by connecting evidence generation to assessment, regulatory action, product 

history, and continuing surveillance while preserving distinctions among these processes. Figure 1 presents the 

original conceptual synthesis for global safety knowledge-graph architecture, showing how the article’s principal 

components, evidence relationships, uncertainties, and decision boundaries are connected. 
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Figure 1. Global Safety Knowledge-Graph Architecture. 

 

The figure is an original conceptual synthesis developed for “The Global Safety Knowledge Graph Linking Case 

Reports, Clinical Records, Scientific Literature, Regulatory Actions, and Product Changes.” Arrows and grouping 

indicate proposed or evidence-supported relationships rather than measured effect sizes. The figure does not 

represent a validated predictive model, clinical recommendation, regulatory determination, or deployment-ready 

system. 

The graph core is intended to organize relationships rather than pronounce conclusions. Biomedical graph studies 

demonstrate that multi-relational structures can generate candidate adverse drug-reaction hypotheses and permit 

evaluation against clinical data, but an inferred link remains dependent on the construction of the graph and the 

quality of external validation [8]. Accordingly, computationally inferred edges would be visually and semantically 

separated from relationships explicitly asserted in source evidence. 

Knowledge-graph construction also requires deliberate choices about entity definitions, relation types, ontology 

alignment, integration methods, negative evidence, and the downstream question being addressed [9]. A graph 

designed to retrieve supporting literature may differ substantially from one intended to assess duplicate reports, 

compare regulatory histories, or explore product-specific safety patterns. The architecture therefore does not 

assume that one universal graph representation can support every pharmacovigilance task. 

The proposed architecture contains five connected layers. An evidence-source layer retains original records; a 

harmonization layer maps terminology and identities; a temporal-provenance graph core stores versioned 

assertions; an analytical layer supports prioritization, conflict detection, subgroup exploration, and drift 

monitoring; and a governed action layer records expert assessments, communications, regulatory decisions, 

product investigations, and subsequent surveillance. These layers are an original synthesis rather than an 

empirically established pipeline. 

The graph would distinguish a reported relationship from a normalized relationship, an inferred relationship from 

a source assertion, and a signal hypothesis from a causal or regulatory conclusion. Its purpose is to improve 

traceability, permit cross-source questions, expose disagreement, and support reproducible evaluation. It does not 

confer truth on an edge, eliminate confounding, validate a safety signal, or authorize autonomous clinical, 

manufacturing, or regulatory action. 
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Entity, relation, and provenance model 

A global graph must preserve the meanings that source systems assign to their data. Biomedical datasets differ in 

their definitions, collection processes, granularity, coding practices, and implicit assumptions; merely converting 

them to a common technical format does not establish semantic equivalence [10]. The proposed model therefore 

treats every normalized object as a mapped representation linked to, rather than substituted for, its original source 

record. 

Controlled vocabularies are necessary for comparing adverse-reaction concepts across institutions, but 

terminology mapping must remain versioned and reversible. Multicenter pharmacovigilance work has shown that 

structured signal dictionaries and vocabulary-based mappings can improve consistency across heterogeneous 

electronic health records [11]. The proposed graph would record the source term, normalized concept, mapping 

method, terminology version, and any unresolved ambiguity for each transformation. 

Provenance is defined here as the information required to reconstruct where an assertion originated, how it was 

transformed, when it was valid, and who or what produced it. FAIR design principles support the use of explicit, 

measurable metadata for findability, accessibility, interoperability, and reuse [12]. These properties are necessary 

for graph auditability, but they do not by themselves establish the accuracy, completeness, representativeness, or 

causal validity of the underlying evidence. 

The original assertion model contains four linked objects: a source object, a normalized entity, an evidence 

assertion, and an assessment state. Each assertion would record its source version, creator or reporter type, 

extraction or transformation method, jurisdiction, valid time, transaction time, terminology version, and 

uncertainty status. Relations would include reports, records, supports, challenges, maps-to, refers-to, temporally-

precedes, supersedes, assessed-as, acted-upon-by, and associated-with-product-version. 

Identity and equivalence remain separate propositions. Two reports may concern the same case without being 

confirmed duplicates; two product codes may share an active substance without identifying the same manufacturer 

or formulation; and two outcome terms may be semantically related without denoting clinically equivalent events. 

The graph may organize these possibilities and preserve their supporting evidence, but identity, causal relevance, 

and decision significance require independent, intended-use-specific validation. 

Individual case-safety reports 

Individual case-safety reports should enter the graph as versioned evidence objects rather than definitive records 

of a causal medicine–event relationship. Duplicate identification requires probabilistic comparison of structured 

fields and narrative content because repeated submissions may lack shared identifiers or contain partially 

inconsistent information [13]. 

Case-level exploration can highlight terms, clinical features, or reporting patterns that warrant expert attention. 

Such computational prioritization is most defensible when reviewers can inspect the contributing reports, 

distinguishing features, and transformations rather than receiving an unexplained score [14]. 

Disproportionality measures and graph associations are vulnerable to confounding, reporting bias, stimulated 

reporting, competition among events, and other causal distortions. They may prioritize hypotheses but cannot 

independently establish that exposure caused an outcome [15]. 

The proposed ICSR subgraph therefore separates report version, suspected product, exposure, coded event, 

narrative evidence, reporter type, seriousness, outcome, follow-up status, duplicate cluster, and assessment state. 

An ICSR edge records a reported or inferred association; it does not estimate incidence, comparative risk, or 

individual causality. 

Clinical records, registries, and observational studies 

Longitudinal clinical data can contextualize case-report hypotheses by providing exposure histories, comparison 

groups, temporal ordering, and covariates. Their regulatory usefulness nevertheless depends on whether the source 

captures the population, treatment, outcome, and confounders required for the specific question [16]. 

Distributed surveillance can reduce unnecessary centralization by applying common definitions and analytic 

procedures across locally governed data. Adaptation of a shared data model must preserve local coding, coverage, 

and healthcare-system context rather than assuming that structural conformity establishes semantic equivalence 

[17]. 

OHDSI-compatible vocabularies and data structures illustrate how heterogeneous pharmacovigilance resources 

may be organized for reproducible analysis [18]. The proposed graph would link encounter, exposure episode, 
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phenotype definition, cohort, protocol, estimate, and analytic execution while preserving their source-specific 

limitations. 

Clinical records are therefore neither a universal reference standard nor merely confirmatory evidence. A missing 

association may reflect limited power, incomplete outcome capture, exposure misclassification, or incompatible 

populations, while a detected association may remain confounded. 

Table 1 organizes the evidence, constructs, relationships, uncertainties, and boundary conditions required for 

definitions, components, relationships, and intended uses in the global safety knowledge graph linking case 

reports, clinical records, scientific. 

Table 1. Definitions, components, relationships, and intended uses in The Global Safety Knowledge Graph 

Linking Case Reports, Clinical Records, Scientific. 

Component 

or scientific 

dimension 

Problem 

addressed 

Inputs or 

determinants 

Proposed 

mechanism or 

relationship 

Expected 

contribution 

Evidence 

required 

Failure or 

uncertainty 

risk 

Boundary 

statement 

ICSR object 

Reports may be 

duplicated, 

incomplete, or 

revised 

Structured 

fields, 

narratives, 

follow-up 

versions 

Proposed: 

versioned 

report nodes 

and 

probabilistic 

duplicate 

clusters 

Case-level 

traceability 

Adjudicated 

linkage 

evidence [13] 

False merging 

or separation 

A report is not 

incidence or 

causality 

Case-review 

support 

Large report 

sets impede 

inspection 

Coded terms, 

narratives, 

distinguishing 

features 

Proposed: 

explainable 

feature 

highlighting 

More 

transparent 

prioritization 

Expert-review 

evaluation [14] 
Automation bias 

Prioritization 

does not 

replace review 

Causal 

boundary 

Association 

may reflect 

reporting or 

confounding 

structures 

Disproportional

ity, covariates, 

causal 

assumptions 

Proposed: 

separate 

association, 

signal, and 

causal-

assessment 

states 

Reduced 

semantic 

overclaiming 

Bias analyses 

[15] 

Causal 

interpretation of 

non-causal 

edges 

Graph linkage 

does not 

establish effect 

Clinical-data 

context 

Reports often 

lack 

denominators 

and longitudinal 

context 

EHRs, 

registries, 

claims, study 

protocols 

Proposed: 

linked 

exposure, 

phenotype, 

cohort, and 

estimate nodes 

Cross-source 

assessment 

Question-

specific data-

fitness 

evidence [16] 

Misclassificatio

n and residual 

confounding 

Clinical data 

are not an 

unbiased 

standard 

Distributed 

surveillance 

Data cannot 

always be 

centralized 

Local datasets, 

common 

models, 

governed 

queries 

Proposed: 

federated graph 

mappings 

Reproducible 

multisite 

analysis 

Cross-site 

semantic 

testing [17] 

Structurally 

similar but 

semantically 

different data 

Common 

format does not 

prove 

equivalence 

Standardized 

analytics 

Heterogeneous 

resources 

impede 

reproducibility 

Shared 

vocabularies 

and analytic 

definitions 

Proposed: 

versioned 

OHDSI-

compatible 

mappings 

Reusable 

safety queries 

Replication 

across sources 

[18] 

Vocabulary and 

implementation 

drift 

Reproducibility 

remains 

intended-use 

specific 

Provenance 

envelope 

Transformation

s may obscure 

source meaning 

Source, method, 

version, time, 

jurisdiction 

Proposed 

original 

construct: 

provenance 

attached to 

every assertion 

Auditability 

and 

reversibility 

Reconstruction 

audits 

Missing or 

incorrect lineage 

Provenance 

supports 

inspection, not 

truth 

Conflict state 
Sources may 

disagree 

Supporting, 

challenging, 

and superseding 

claims 

Proposed 

original 

construct: 

preserve 

Transparent 

uncertainty 

Curated 

conflict cases 

Premature 

reconciliation 

Conflict is not 

resolved by 

aggregation 

alone 
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disagreement 

as graph 

relations 

Literature, labels, and regulatory actions 

Scientific publications contribute claims rather than undifferentiated documents. The graph should link a claim to 

its population, design, comparison, outcome, limitations, and supporting evidence, while distinguishing 

publication from regulatory assessment. Signals pass through review and governance before they may produce 

communication or action [19]. 

Regulatory decisions are temporally and jurisdictionally bounded. Comparative evidence indicates that the timing 

of safety-related labeling changes can differ among regulatory regions, requiring separate nodes for review date, 

decision date, effective date, jurisdiction, and label version [20]. 

Postapproval labeling changes are important lifecycle events, but they do not reveal the entire evidentiary or 

causal pathway underlying a decision [21]. The graph should therefore avoid interpreting a label revision as 

automatic confirmation of a particular computational signal. 

Proposed relations include supports, challenges, cites, assessed-by, effective-in-jurisdiction, communicated-

through, and supersedes-label-version. Regulatory actions would remain authoritative within their legal context 

without being converted into universal causal or class-wide conclusions. 

Product versions, manufacturing changes, and exposure context 

Safety patterns may sometimes indicate suspected product-quality problems, making product identity and 

distribution context relevant to pharmacovigilance investigation [22]. Such patterns generate hypotheses; 

confirmation requires independent quality, supply-chain, and exposure evidence. 

Multisource biologic environments illustrate why active-substance identity alone may be insufficient. 

Manufacturer, brand, product version, and other traceability fields can determine whether a safety observation is 

attributable to a specific product rather than the broader substance class [23]. 

Product information may also represent immunogenicity and related safety attributes inconsistently [24]. A graph 

should preserve the exact document version, terminology, assay context, and jurisdiction instead of treating 

differently framed statements as equivalent facts. 

The proposed product-lineage model links substance, authorization, manufacturer, brand, formulation, strength, 

presentation, product version, manufacturing change, distribution period, and batch or lot when legitimately 

available. Missing traceability must remain explicit rather than being replaced by an inferred identity presented 

as fact. 

Table 2 organizes the evidence, constructs, relationships, uncertainties, and boundary conditions required for 

testable propositions, evidence requirements, and validation criteria for the global safety knowledge graph linking 

case reports, clinical records, scientific. 

Table 2. Testable propositions, evidence requirements, and validation criteria for The Global Safety Knowledge 

Graph Linking Case Reports, Clinical Records, Scientific. 

Architecture 

layer or 

process stage 

Core 

function 

Information or 

material flow 

Interaction 

with other 

components 

Validation 

criterion 

Potential 

failure mode 

Human or 

experimental 

responsibility 

Readiness 

boundary 

Evidence 

ingestion 

Preserve 

source 

records 

Source to 

versioned object 

Feeds 

harmonization 

Lossless 

reconstruction 

Truncated or 

altered 

evidence 

Data steward 

audit 

Ingestion 

success is not 

scientific 

validity 

Identity 

resolution 

Link cases 

and products 

Candidate 

identity links 

Supports ICSR 

and product 

lineage 

Adjudicated 

precision and 

recall 

False merge 

or separation 

Expert 

adjudication 

[13] 

Uncertain 

identity 

remains 

provisional 

Semantic 

mapping 

Normalize 

concepts 

Source term to 

mapped concept 

Enables cross-

source queries 

Meaning 

preserved across 

sites 

Incorrect 

equivalence 

Terminology 

specialists [11] 

Mapping does 

not prove 

clinical 

equivalence 
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Clinical-data 

linkage 

Contextualize 

signals 

Exposure and 

outcome records 

to study objects 

Tests case-

derived 

hypotheses 

Reproducible 

phenotype and 

cohort execution 

Confounding 

or incomplete 

capture 

Epidemiologists 

and clinicians 

[16] 

Association is 

not causation 

Regulatory 

linkage 

Connect 

assessment to 

action 

Signal to review, 

communication, 

and label version 

Interacts with 

jurisdiction 

and time 

Reconstructable 

decision history 

Chronology 

mistaken for 

causality 

Regulatory 

reviewers [19] 

Graph does 

not determine 

action 

Product 

lineage 

Preserve 

product 

specificity 

Product and 

manufacturing 

information to 

exposure context 

Links quality 

investigation 

to reports 

Verified product 

attribution 

Ingredient-

level 

misattribution 

Quality and 

supply-chain 

experts [22] 

Traceability 

hypothesis is 

not defect 

confirmation 

Temporal 

updating 

Retain 

changing 

evidence 

New, corrected, 

challenged, or 

superseded 

assertions 

Updates all 

graph layers 

Complete 

version history 

Silent 

overwriting 

Governance and 

audit teams 

Latest 

evidence is 

not 

automatically 

best 

Drift 

monitoring 

Detect 

changing data 

generation 

Coding, 

reporting, 

population, and 

product changes 

Triggers 

reassessment 

Prespecified 

change detection 

and review 

Undetected 

degradation 

Model owners 

and independent 

validators 

Technical 

monitoring 

does not 

authorize 

deployment 

Evidence conflict, uncertainty, and temporal updating 

Temporal methods can identify unexpected increases in reporting frequency, but such changes remain hypotheses 

requiring clinical and reporting-context review [25]. Increased reporting may reflect a real safety problem, 

stimulated attention, market expansion, coding changes, or altered reporting behavior. 

Changes in mandatory reporting can modify the composition of incoming safety data and consequently alter 

apparent signal behavior [26]. The graph should therefore represent reporting rules, source coverage, and system 

changes as contextual events rather than background metadata. 

Apparent signal changes must be interpreted against causal bias, temporal reporting patterns, and changes in 

reporting rules [15, 25, 26]. Conflicting evidence should be preserved through supports, challenges, does-not-

replicate, uses-incompatible-definition, and supersedes relations. 

Proposed workflow states include observed, normalized, linked, prioritized, corroborated, challenged, under 

assessment, action-associated, superseded, reopened, and unresolved. These states describe evidence handling, 

not numerical certainty, causal probability, or regulatory readiness. 

Validation, interoperability, and governance 

Distributed safety systems require shared data structures, governed analyses, quality procedures, and auditable 

coordination across participating organizations [27]. The graph should therefore support federated operation 

where sensitive source data remain locally controlled while approved assertions or query results are exchanged. 

Interoperability requires more than a common file format. Maintained registries of standards, repositories, 

vocabularies, and policies are needed to document how resources relate and change over time [28]. 

Validation is proposed across syntactic ingestion, semantic mapping, identity resolution, provenance 

completeness, temporal reconstruction, analytical performance, transportability, workflow usability, and 

prospective decision impact. Success at one level does not imply success at the next. 

Governance should specify data stewardship, access control, terminology maintenance, model ownership, change 

control, audit rights, conflict escalation, human override, and retirement criteria. No analytical output should reach 

a higher-consequence use unless the validation and oversight requirements for that specific use have been met. 

Limitations and implementation priorities 

Large healthcare databases do not become valid for every safety question through scale alone. Data validity must 

be assessed against the intended exposure, outcome, population, comparison, and analytic purpose [29]. 

Models and mappings may also degrade when reporting practices, coding systems, populations, products, or 

clinical workflows change. Dataset shift therefore requires active monitoring and renewed assessment of 

transportability [30]. 
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Figure 2 presents the original conceptual synthesis for temporal linkage of emerging evidence to regulatory and 

product changes, showing how the article’s principal components, evidence relationships, uncertainties, and 

decision boundaries are connected. 

 

 
Figure 2. Temporal Linkage of Emerging Evidence to Regulatory and Product Changes. 

 

The figure is an original conceptual synthesis developed for “The Global Safety Knowledge Graph Linking Case 

Reports, Clinical Records, Scientific Literature, Regulatory Actions, and Product Changes.” Arrows and grouping 

indicate proposed or evidence-supported relationships rather than measured effect sizes. The figure does not 

represent a validated predictive model, clinical recommendation, regulatory determination, or deployment-ready 

system. 

Implementation should begin with lower-consequence functions such as source traceability, terminology 

mapping, duplicate review, evidence retrieval, and audit reconstruction. Signal prioritization or decision support 

should follow only after independent, intended-use-specific validation. 

Principal priorities include multilingual terminology governance, privacy-preserving federation, product-

identifier quality, provenance completeness, subgroup evaluation, drift monitoring, and prospective comparison 

with existing workflows. The architecture remains a research construct whose permissible use must remain 

narrower than its technical capacity to connect information. 

 

CONCLUSION  

 

The Global Safety Knowledge Graph is proposed as an evidence-bounded architecture for connecting case reports, 

clinical records, observational evidence, scientific claims, regulatory actions, and product histories without 

collapsing their distinct meanings. Its original contribution is an assertion-centered, temporal, provenance-

preserving model that separates reported observations, inferred associations, safety signals, causal assessments, 

regulatory decisions, and product changes. The architecture may improve traceability, conflict inspection, and 

hypothesis evaluation, but it cannot correct all source biases, establish causality through graph structure, replace 

qualified review, or justify clinical, manufacturing, or regulatory action without use-specific validation and 

governance. 
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