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Event Sourcing vs. Traditional Queue-Based

Systems in Modern Architecture

Introduction

In modern software engineering, event-sourced or history-based systems have emerged as powerful

alternatives to classical queue-based architectures for building robust, auditable applications. At a high level,

traditional queue-based systems rely on ephemeral message queues or brokers (e.g. JMS, RabbitMQ) to pass

data between components. Once a message is consumed and acknowledged in a typical queue, it is removed

and lost for future processing dev.to. In contrast, event-sourced systems treat each state change as an

immutable event recorded in an append-only log or event store, which becomes the system of record[1]

learn.microsoft.com. This fundamental difference – transient messages versus a permanent, chronological event

log – gives event sourcing distinct advantages in auditability, data traceability, system resilience, and

replayability of data. These benefits have proven especially critical in regulated domains like pharmaceuticals,

where data integrity and compliance are paramount.

Event-sourcing is closely related to event-driven architecture but goes a step further by making events the

primary source of truth for state dev.to. Every change in the system is captured as an event and stored

indefinitely. Multiple services or consumers can independently read these events from the log at their own pace,

even replaying them from the beginning if needed dev.to dev.to. This stands in contrast to a classical queue-

based approach where messages are processed and discarded, and any historical state must be reconstructed

via separate audit logs or database snapshots. The superiority of event-sourced designs lies in leveraging the

complete history of events to achieve stronger audit trails, end-to-end data lineage, fault tolerance,** and the

ability to recompute or “time-travel” the system state when business rules evolve. This report delves into

these advantages with technical depth, and examines real-world use cases in the pharmaceutical industry –

from clinical trial systems to drug supply chains – where event sourcing’s qualities shine. The analysis is

supported by academic insights and industry best practices.

Event-Sourced vs. Queue-Based Architectures

To appreciate the benefits, it’s important to contrast how each architecture manages state and messages:

Classical Queue-Based Systems: In a traditional event-driven design, producers send messages to a message queue, and

consumers retrieve and process them. The queue enforces FIFO order but removes messages once consumed, ensuring

consumers don’t see the same message twice dev.to. While this guarantees at-least-once delivery, it also means history is

not retained by default. If multiple services need the same event, the message must be duplicated across multiple queues

or topics. Audit trails and state reconstructions require additional mechanisms – e.g. writing to log files or separate audit

tables – since the system only keeps the latest state in its database [2] learn.microsoft.com. In short, the queue is a

transient buffer, not a long-term memory.

IntuitionLabs - Custom AI Software Development
from the leading AI expert Adrien Laurent Architectural Patterns: Event Sourcing vs. Queue Systems

© 2025 IntuitionLabs.ai - North America's Leading AI Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 2 of 16

https://dev.to/oleg_potapov/message-brokers-queue-based-vs-log-based-2f21#:~:text=Why%20can%E2%80%99t%20several%20consumers%20receive,it%20didn%E2%80%99t%20acknowledge%20before%20failing
https://learn.microsoft.com/en-us/azure/architecture/patterns/event-sourcing#:~:text=Azure
https://learn.microsoft.com/en-us/azure/architecture/patterns/event-sourcing#:~:text=Azure
https://intuitionlabs.ai/articles/21-cfr-part-11-electronic-records-signatures-ai-gxp-compliance
https://dev.to/yasmine_ddec94f4d4/event-driven-architecture-event-sourcing-and-cqrs-how-they-work-together-1bp1#:~:text=Event%20Sourcing%20takes%20the%20idea,providing%20a%20full%20audit%20trail
https://dev.to/oleg_potapov/message-brokers-queue-based-vs-log-based-2f21#:~:text=Log
https://dev.to/oleg_potapov/message-brokers-queue-based-vs-log-based-2f21#:~:text=message%20from%20every%20position%20and,the%20context%20of%20eventual%20consistency
https://intuitionlabs.ai/articles/audit-trails-21-cfr-part-11-annex-11-compliance
https://dev.to/oleg_potapov/message-brokers-queue-based-vs-log-based-2f21#:~:text=Why%20can%E2%80%99t%20several%20consumers%20receive,it%20didn%E2%80%99t%20acknowledge%20before%20failing
https://learn.microsoft.com/en-us/azure/architecture/patterns/event-sourcing#:~:text=,separate%20log%2C%20history%20is%20lost
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=architectural-patterns-event-sourcing-vs-queue-systems.pdf
https://intuitionlabs.ai/articles/event-sourcing-vs-queue-systems?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=architectural-patterns-event-sourcing-vs-queue-systems.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=architectural-patterns-event-sourcing-vs-queue-systems.pdf


Event-Sourced Systems: In event sourcing, every state-changing operation emits an event, and all events are stored in an

append-only event log (event store) that serves as the authoritative database [1] learn.microsoft.com [3]

learn.microsoft.com. The current state of an entity is not stored directly; instead, it can be derived by replaying all its

events in order [4] martinfowler.com. Because events are never overwritten or deleted, the log preserves a complete

history of changes. Consumers (or read-model updaters) subscribe to the event streams and react, but importantly, the

events remain available for new subscribers or reprocessing later dev.to. Technologies like Apache Kafka exemplify this

approach by retaining events in durable logs and allowing multiple independent consumers to read at different offsets dev.to

dev.to. An event store thus functions both as a database and a message broker – it guarantees all changes are recorded,

and it can notify interested consumers in real time when new events arrive [5] microservices.io [5] microservices.io.

Figure 1 below illustrates an Event Sourcing architecture. Rather than directly updating a database, an

application records each change (e.g. “ItemAdded” or “OrderCanceled”) as an event in the event store. From

this immutable log, the system’s state can be reconstructed at any time by replaying events in sequence dev.to

dev.to. Multiple services can subscribe to the event stream to maintain their own projections or trigger

processes, all without disturbing the single source of truth. This design ensures that no event – and thus no

piece of data – is ever truly lost.

Figure 1: Event Sourcing pattern – all state changes are stored as a sequence of immutable events in an

append-only log (event store). The current state can be reconstructed by replaying these events, yielding a

complete audit trail of how the state evolved dev.to dev.to.

By using an immutable event log as the database, event sourcing intrinsically solves problems that queue-

based systems struggle with. Microsoft’s architects note that in CRUD-style designs “history is lost” unless a

separate audit mechanism is implemented [2] learn.microsoft.com, whereas event sourcing “maintain\ [s] a

complete history of state changes” by recording every event [6] docs.aws.amazon.com. Similarly, Google’s cloud

reference points out that an event-sourced log can be “persisted indefinitely, at large scale, and consumed

as many times as necessary”, enabling replay of past events and usage of the log as an authoritative narrative

of system decisions [7] cloud.google.com [8] cloud.google.com. In summary, classical queue-based systems

provide decoupling and asynchronous processing, but event-sourced systems provide decoupling plus long-

term memory. Next, we examine how this leads to superior auditability, traceability, resilience, and replay

capabilities.

Auditability and Data Traceability

One of the foremost advantages of event sourcing is its built-in audit trail. Because every change is recorded

as an immutable event with a timestamp (and often user or process context), the entire sequence of actions that

led to the current state is preserved [9]

graphapp.ai</current_article_content>nt%20sourcing,oversight%20of%20the%20data%20lifecycle) [10]

graphapp.ai. In effect, the event log serves as a forensic log of the system’s behavior – an “immutable audit

trail” by design [11] kurrent.io. This level of transparency is invaluable for industries that require strict compliance

and data oversight.

Traditional systems often attempt to implement audit trails by writing to parallel log tables or files whenever a

database record is changed. However, these ad-hoc solutions can be incomplete or prone to error. As a case in

point, engineers at Bath ASU – a pharmaceutical manufacturer – found that their old Microsoft SQL Server setup

overwrote data on update, making it hard to retain previous values. They maintained a separate audit table for

changes, but this approach resulted in two sets of data (main and audit) that could get out of sync due to bugs
[12] kurrent.io. After adopting event sourcing, Bath ASU instead had a single source of truth: each change is an

event, so the audit log is the data. “From a data integrity point of view, what makes Event Sourcing so attractive

is how it supports the strictest audit trail requirements,” said their lead developer [13] kurrent.io. With an event-

sourced architecture, audit trails are immutable and provable, since all events are append-only facts that
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cannot be retroactively altered [14] kurrent.io. Bath ASU now has “audit trails that are 100% provable” and can

satisfy regulators by providing complete historical logs with full transparency [15] kurrent.io.

Academic and industry sources echo this. The Graph AI engineering guide states that because events are stored

chronologically and never mutated, “every action within the application can be traced easily”, giving a

comprehensive history for compliance [10] graphapp.ai. This means an organization can answer not only “What is

the current state?” but also “How did we get here?”[16] kurrent.io. In regulated environments like healthcare and

pharma, this is critical. FDA guidelines (21 CFR Part 11) require that electronic records systems automatically

capture who made each change, when, and what was changed, in a secure, computer-generated audit trail [17]

simplerqms.com. The immutable event log inherently meets these criteria, as it records each update event

with user/context and timestamp, and once written it cannot be tampered without detection [14] kurrent.io. An

industry analysis on pharma data lineage confirms that Part 11 and GxP regulations “demand strict data

traceability, ensuring that all research, testing, and production data can be accounted for.” Event-sourced or

lineage-enabled systems fulfill this by tracking changes to electronic records and ensuring data integrity at

every step [18] thinkaicorp.com.

From a practical standpoint, having a permanent log of events greatly simplifies audits and investigations. If an

issue is discovered – say an unexpected value in a clinical trial dataset – developers can inspect the event

history to see exactly which sequence of inputs led to that state [19] graphapp.ai. This was traditionally done via

verbose log files, but logs might be incomplete or disconnected from the database state. In an event-sourced

system, the state is the log, so there is never ambiguity between the audit trail and the data itself [20] kurrent.io
[21] kurrent.io. As Kurrent’s engineering team observes, many traditional systems end up bolting on tracing

features to aid debugging, but still risk missing data or having logs that don’t perfectly match the true state [20]

kurrent.io. Event sourcing eliminates this uncertainty: every state change is captured as an event, and the entire

chain of events is queryable for analysis or audit [22] microservices.io. Developers can perform “temporal

queries” – essentially time-travel queries – to reconstruct what the state of any entity was at any arbitrary

point in the past [23] martinfowler.com [24] microservices.io. This capability makes it straightforward to answer

auditors’ questions or to verify that all processes were followed correctly over time [25] thinkaicorp.com.

Data traceability is especially critical in pharmaceutical research and clinical trials, where data passes through

many transformations and analyses. Event sourcing provides data lineage out-of-the-box: you can trace each

piece of data from its origin through all intermediate states to the final outcome [26] thinkaicorp.com [27]

thinkaicorp.com. For example, consider a clinical trial system recording patient outcomes. With event sourcing,

one can trace an outlier result back through the events – dose administered, timing, lab results, etc. – to see if

any anomaly occurred. Roche, for instance, leverages lineage tracking in clinical trials to track the origin and

modification of trial data, so that if a patient’s data needs re-analysis, the system can identify the source of

every data point and how it was altered [28] thinkaicorp.com. An event-sourced design inherently supports this

level of traceability, since each modification is an event linked to a specific context. This not only aids

compliance but builds trust: stakeholders (regulators, scientists, patients) can be confident that the data has

not been secretly changed or lost, because the audit trail is complete and verifiable [29] thinkaicorp.com.

In summary, event sourcing turns the entire database into a detailed audit log. Auditability and traceability are

no longer afterthoughts or costly add-ons, but natural by-products of the architecture. Every event is an

evidence point of what happened in the system, when, why, and by whom. This provides unparalleled support

for compliance regimes and root-cause analysis in complex systems. Classical queue-based systems, by

contrast, must supplement their ephemeral messaging with extra logging to approach this level of auditability –

and even then, they lack the guaranteed completeness of an event store [2] learn.microsoft.com [30] kurrent.io.

System Resilience and Recovery
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Event-sourced architectures also enhance system resilience and fault tolerance compared to traditional queue-

based designs. The permanence of the event log means that if a consumer or service goes down, it can recover

and “catch up” on missed events once it comes back online, without data loss [31] kurrent.io [32] kurrent.io. In a

classical queue scenario, if a service was down and the queue messages expired or were consumed by others,

that service might never receive the events it missed. Even with durable queues, once a message is

acknowledged, it’s gone – so a bug that erroneously processes a message could be irrecoverable unless manual

intervention re-queues a copy. Event sourcing avoids this by design: events are durably stored, and

consumers can replay from the last processed offset whenever needed [33] cloud.google.com.

This model naturally decouples producers and consumers, yielding an asynchronous, resilient workflow.

Producers fire events and continue without waiting for acknowledgments [31] kurrent.io. Downstream services

process events at their own pace; if they fail or lag, the events accumulate in the log until the service is ready to

process them. Thus, a temporary outage in one component doesn’t propagate system-wide as long as the event

store is available – other services are unaffected and can continue publishing events [33] cloud.google.com. The

Google Cloud architecture guide highlights that in loosely coupled event-driven systems, “if one service fails,

the others are unaffected. If necessary, you can log events so that the receiving service can resume from the

point of failure, or replay past events.” [33] cloud.google.com. The log acts as a shock absorber and backlog for

slow or recovering consumers, preventing data loss and enabling smooth recovery.

Furthermore, the event store itself is typically designed with strong durability and backup characteristics (often

replicated across nodes or disks). It is essentially a commit log of the system’s state changes. In the event of a

catastrophic failure or data corruption in a downstream database, the core event log can be used to rebuild

state from scratch on a fresh instance [34] kurrent.io. As Kurrent’s documentation notes, “in the event of a

failure, downstream projections can be rebuilt by writing the core ‘source of record’ data to the event stream.”
[34] kurrent.io. This is a profound benefit: whereas in a CRUD system a corrupted database might mean

irreversible loss of state since only the final state was stored, in an event-sourced system you can replay the

history into a new database and restore everything up to the point of the last event. Martin Fowler describes

this as the Complete Rebuild capability – you can discard the entire application state and reconstruct it purely

by re-processing the event log [35] martinfowler.com [23] martinfowler.com. In practice, many event-sourced

systems take periodic snapshots to optimize this recovery, but the guarantee remains that the source of truth

(the events) can recover any past state if needed.

The resilience is not only in recovery, but also in handling concurrency and consistency. Because events are

appended without locking a global state, systems avoid many contention issues of traditional databases [36]

learn.microsoft.com. Each service or aggregate can operate on its own event stream, allowing updates to

different entities to proceed in parallel without blocking. This boosts throughput under high load and avoids the

brittle “global transaction” patterns that can bring down an entire monolithic system when one part fails [37]

learn.microsoft.com. As Microsoft’s guide notes, CRUD systems face performance degradation due to locking

and synchronous writes, whereas event-sourced systems decouple write operations and often use

asynchronous processing, improving scalability and reliability [36] learn.microsoft.com [3] learn.microsoft.com.

Another aspect of resilience is temporal fault tolerance – the ability to correct mistakes after the fact. If an

error is detected in how events were processed, event sourcing allows a form of time-travel debugging or

retroactive change. For instance, suppose a bug caused some events to be misinterpreted; with the event log,

you can fix the code and re-run the historical events to recompute the correct state, as if the bug had never

happened [38] kurrent.io. This root-cause analysis superpower means even complex, intermittent issues can be

replayed and analyzed step-by-step. Kurrent’s team emphasizes this scenario: “Imagine your domain has

complicated rules and you want to replay the exact steps that happened during a production issue. This is

where Event Sourcing shines. You just replay the events one by one and see how the state evolved every step of

the way.” [38] kurrent.io. In a traditional system, you might have only logs and imperfect traces to guess what

went wrong; in an event-sourced system, you can deterministically reproduce the sequence of states.
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Finally, the robust audit trail we discussed also contributes to security and resilience. Tamper-evidence is an

often underappreciated benefit: because the log is append-only, any malicious attempt to alter history (say to

cover up an unauthorized change or data tampering) would be evident by a discontinuity or invalid hash if

cryptographically secured. Some systems even integrate blockchain or ledger techniques with event sourcing

for this reason – to make an extra immutable log for highly sensitive data [29] thinkaicorp.com. Even without

blockchain, the principle of a sequential log guarded by the application means better accountability: it’s far

harder for someone to “manually edit” a database and go unnoticed, since that edit would not correspond to an

event in the history [39] kurrent.io. Thus, event sourcing lends itself to intrinsically trustworthy systems where

data integrity is guaranteed by architecture.

In summary, event-sourced systems are inherently resilient: failures are isolated, state can be recovered or

recomputed from the event log, and services operate autonomously on their event streams. Classical queue-

based systems can achieve high availability with redundant brokers and message persistence, but they lack the

state recovery facet – once a message is processed, the system must rely on backups or manual intervention to

restore state. Event sourcing covers both messaging and state durability, yielding a more fault-tolerant overall

design [32] kurrent.io [40] cloud.google.com.

Replayability and Temporal Querying

A hallmark of event sourcing is replayability – the ability to reprocess past events to recalculate or simulate a

new outcome. This is extremely useful for evolving systems. When business requirements change (as they often

do), an event-sourced system can apply new logic to historical events to derive updated results, without

altering the original data. For instance, if a pharmaceutical company introduces a new rule for analyzing clinical

data, they can take the stored events of past trials and replay them through the new analysis logic to see how

outcomes would differ, all without re-running the trial. This kind of retrospective computation is essentially

impossible if you only stored final data states; you would have lost the intermediate inputs needed to recompute

under new rules [41] graphapp.ai.

Common scenarios where replay is valuable include: rebuilding a new projection or report from existing events,

back-filling a derived data store, migrating to a new database schema, or retroactively applying a bug fix. We

saw an example earlier with marketing analytics: an event-sourced e-commerce site could introduce a brand

new report on shopping cart abandonment and populate it with years of historical data immediately by replaying

all “ItemRemovedFromCart” events, rather than waiting to collect data going forward [42] kurrent.io. This gives an

organization instant insight “as if the feature had been there from day one” [42] kurrent.io. Microsoft’s pattern

description explicitly notes this benefit: by reading the history of events, applications can materialize state on

demand and even create new materialized views at any time [43] learn.microsoft.com [44] learn.microsoft.com.

The data is never irretrievably aggregated – raw events are always available for new uses.

In more critical use cases, replay provides consistency and correctness over time. Consider compliance

scenarios: if a new validation rule is required by regulators, you can enforce it on all historical records by

replaying events through the new validation, thus ensuring legacy data also complies (or flagging those that do

not). The Graph AI guide gives this example: “if a new validation rule is introduced, event replay allows

recalculating the application state consistent with the new rule without modifying existing records.” [41]

graphapp.ai. Similarly, system upgrades become easier – one can spin up a new version of a service, feed it the

event stream from inception, and let it build up a fresh, corrected state. This was historically very hard; most

systems would have to write migration scripts or convert a whole database at once. Event sourcing instead

allows you to re-run the timeline on a new codebase or platform, ensuring that the new system output is

consistent with the sequence of inputs that actually occurred [41] graphapp.ai [45] thinkaicorp.com.

Replay is also beneficial for testing and simulation. Because the series of events fully captures what users did,

testers can use real event histories to simulate complex scenarios in a test environment. One can even simulate
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“alternative histories” by inserting or modifying events and seeing how the system state would diverge – much

like branching in version control [46] martinfowler.com. In distributed systems research, this is known to aid in

finding edge cases and verifying that new changes won’t break on old data. Some advanced event-sourced

frameworks enable partial replay or rewinding of specific aggregates to debug a particular timeframe. Fowler

describes an Event Replay technique where if a past event was incorrect, you can remove it and replay the

sequence to compute the hypothetical corrected state [47] martinfowler.com. While this should be done with care

in production, the mere ability to do so provides a level of historical what-if analysis that classical systems

simply cannot do without heavy manual data munging.

Moreover, replay enables system audits and training. In regulated industries, one might need to demonstrate

to an inspector how the system reached a decision (e.g. why a drug batch was flagged as out-of-spec). With an

event log, you can replay that batch’s events and show each state transition, essentially reconstructing the

decision path step by step [38] kurrent.io. This not only satisfies auditors but also helps new engineers or

scientists understand system behavior by replaying past significant events (a form of documentation via

history).

It’s worth noting that achieving replay in practice requires that events contain sufficient data to recompute state

(or that snapshots plus events do). In event-sourced design, events are usually designed as state deltas or facts

(e.g. “added 5mg dosage” rather than “new total dosage is 10mg”), which ensures you can replay them on a

blank state and get a meaningful result [48] martinfowler.com. This careful event modeling pays off when replay is

needed. By contrast, in a queue-based system, unless you explicitly logged every message and have the logic to

re-run them, you cannot easily replay lost or past messages. Some modern messaging systems like Kafka blur

this line by retaining messages and allowing offset resets (hence can replay messages to a point), but without

an event-sourced state model, reprocessing messages might violate idempotency or cause inconsistencies in

CRUD databases. Event sourcing embraces reprocessing as a first-class citizen – state is always derived by

processing a sequence of events, whether the first time or the hundredth time.

To summarize, replayability and temporal querying capabilities of event sourcing give systems a sort of time

machine. One can explore the past, rebuild old states, or project new futures by leveraging the comprehensive

event history. This yields tremendous flexibility for analysis, debugging, and adaptation to change. In an industry

like pharma – where data may need to be revisited years later for a regulatory submission or scientific analysis –

having the ability to reproduce any past state or outcome builds confidence and agility. Traditional systems lack

this rewind button; once you update a record or process a queue message, that exact contextual information is

gone or very hard to recover. Event sourcing ensures No Data Is Ever Left Behind, enabling perpetual learning

and improvement from historical data [49] mint-medical.com [50] mint-medical.com.

Applications in the Pharmaceutical Industry

The pharmaceutical sector demands high standards of data integrity, traceability, and compliance across

research, development, clinical trials, manufacturing, and distribution. Unsurprisingly, it has become a fertile

ground for event-sourced architectures, which naturally provide the audit trails and resilience these use cases

require. Below, we explore several key domains in pharma and how event sourcing can be (and is being) applied:

Clinical Trials and Data Integrity

Clinical trials generate vast amounts of sensitive data – patient records, treatment interventions, outcomes,

adverse events – that must be recorded accurately and preserved for validation. Regulators such as the FDA

enforce Good Clinical Practice (GCP) standards which include stringent requirements for data integrity and

auditability in trials. All changes to clinical data must be attributable, timestamped, and not deletable (often

IntuitionLabs - Custom AI Software Development
from the leading AI expert Adrien Laurent Architectural Patterns: Event Sourcing vs. Queue Systems

© 2025 IntuitionLabs.ai - North America's Leading AI Software Development Firm for Pharmaceutical & Biotech. All rights reserved. Page 7 of 16

https://martinfowler.com/eaaDev/EventSourcing.html#:~:text=,that%20communicate%20with%20asynchronous%20messaging
https://martinfowler.com/eaaDev/EventSourcing.html#:~:text=up%20to%20a%20particular%20time,that%20communicate%20with%20asynchronous%20messaging
https://www.kurrent.io/blog/benefits-of-event-sourcing#:~:text=Connecting%20business%20events%20to%20their,you%20and%20your%20team%20time
https://martinfowler.com/eaaDev/EventSourcing.html#:~:text=Reversal%20is%20the%20most%20straightforward,past%20value%20of%20the%20account
https://mint-medical.com/news/leave-no-data-behind-commitment-to-data-excellence#:~:text=With%20technologies%20like%20Event%20Sourcing%2C,invaluable%20tool%20for%20clinical%20workflows
https://mint-medical.com/news/leave-no-data-behind-commitment-to-data-excellence#:~:text=This%20approach%20allows%20us%20to,data%20integration%20across%20clinical%20workflows
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=architectural-patterns-event-sourcing-vs-queue-systems.pdf
https://intuitionlabs.ai/articles/event-sourcing-vs-queue-systems?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=architectural-patterns-event-sourcing-vs-queue-systems.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=architectural-patterns-event-sourcing-vs-queue-systems.pdf


summarized by the ALCOA principles: Attributable, Legible, Contemporaneous, Original, Accurate). Event

sourcing aligns perfectly with these needs by capturing every data change as an immutable event.

Using an event-sourced clinical data management system, each time a data point is collected or modified (e.g. a

lab result updated, a dosage adjusted, a protocol deviation noted), an event is appended to the patient or trial

event stream. This creates an inviolable chronological record of the trial’s conduct. If an auditor wants to

verify the integrity of the trial, they can literally replay the events to see the study unfold step by step –

providing evidence that, for example, no data was edited without proper authorization, and no results were

accidentally overwritten. As one pharma IT specialist put it, “an audit trail is the custodian of data fidelity” [51]

gcp-service.com – and in an event-sourced system, the entire database is an audit trail.

Data integrity incidents – such as missing or inconsistent data – can be more readily investigated. Since event

logs preserve original data even after updates, nothing is truly lost. This was highlighted by Mint Medical (a

company specializing in radiology software for clinical trials and diagnostics). They advocate a “Leave No Data

Behind” approach, using technologies like event sourcing to ensure every data point, every change is

recorded and context preserved [49] mint-medical.com. In their system, as data is updated (for instance, tumor

measurements in an imaging trial), each revision is an event that maintains the previous value and the reason for

change. This means the context and evolution of each measurement is available for review [49] mint-medical.com
[50] mint-medical.com. The result is end-to-end data integrity – one can trust that the dataset is complete and

unaltered, as the system would show any attempt to modify history.

Event sourcing also helps in multi-center trials and collaborations, where data from different sites must be

merged and standardized. By logging the sequence of data ingestion and transformations as events, one can

trace lineage even across systems. For example, if a central data repository aggregates results from site A and

site B, events can denote when data arrived and how it was integrated. This addresses a key challenge noted in

pharma: dealing with multi-source data and maintaining a unified, traceable lineage [52] thinkaicorp.com. An

event log can act as that unified source. Should any discrepancy arise (say site A’s data appears different than

originally recorded), the event history can pinpoint where the divergence occurred.

Crucially, if a trial’s analysis needs to be updated – perhaps a new statistical method is required or a data error

was found – an event store allows retrospective re-analysis. All the raw events (patient visits, lab results, etc.)

can be replayed through a new analysis pipeline to produce updated outcomes. This ensures that even years

later, the trial data isn’t locked in an old format or missing intermediate steps. It’s a future-proof approach as

regulatory science evolves.

In summary, for clinical trials, event sourcing provides unmatched data integrity and accountability. As GCP

compliance experts emphasize, a proper audit trail “captures the who, what, when, and where of each datum”
[51] gcp-service.com – exactly what a sequence of events delivers. Pharma companies adopting event sourcing in

trial management have a competitive edge in trust and compliance, reducing the risk of costly data integrity

findings or trial delays due to record-keeping issues.

Drug Supply Chain Management

The pharmaceutical supply chain – from manufacturing facilities to distributors, pharmacies, and clinics –

requires tight control and visibility. Incidents like counterfeit drugs or cold-chain failures (temperature

excursions) can have life-threatening consequences. To combat these risks, regulations (e.g. the US Drug

Supply Chain Security Act) mandate detailed track-and-trace capabilities for drug products. Event sourcing is

an excellent fit for implementing end-to-end traceability in supply chains.

In a supply chain context, one can model each significant action as an event: raw materials received, batch

produced, batch passed quality testing, shipment dispatched, shipment received at distributor, etc. By

recording these in an event store, companies gain a full chain-of-custody log for each drug unit or lot. If a
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recall is needed, they can quickly traverse the events to find where the affected batch went, who handled it, and

which patients might have received it. This is essentially what blockchain-based track-and-trace solutions

attempt as well (an immutable ledger of transactions), but a centralized event-sourced system can achieve

similar traceability within an organization’s domain [53] pmc.ncbi.nlm.nih.gov. In fact, many enterprises prefer the

simplicity of an event store over the complexity of blockchain for internal tracking, as it still provides

immutability and timestamped records.

Event sourcing also addresses logistics resilience. For example, if a shipping update message is missed due to

a network glitch in a traditional system, that data might never reach the tracking system. With an event broker

that retains events, as soon as connectivity is restored the latest location event can be consumed. This ensures

the supply chain visibility is eventually consistent and reliable. Logistics companies using event streaming have

found that an immutable log gives them “full audit log and improved capability for real-time processing” of

shipments [54] kurrent.io. Real-time alerts (like a temperature sensor alarm in a refrigerated truck) can be logged

as events and trigger downstream actions immediately – yet also be saved for later analysis (to see, for

instance, how often and where temperature excursions happen).

The Maersk NotPetya incident in 2017 – where a cyberattack wiped out the shipping giant’s IT systems – is

often cited as a case illustrating the need for resilient data recovery in supply chains. In a scenario where core

databases are compromised, an event-sourced architecture would allow recovery of operational state from the

replicated event log, minimizing downtime. While classical backups serve a similar purpose, an event log can

reduce the recovery point gap to near-zero by continuously streaming events to safe storage. A blog on logistics

IT noted that such an event sourcing engine simplifies rapid recovery during crises, referencing the Maersk

attack as an example of why immutable logs are valuable for business continuity pvotal.tech.

Another advantage is detailed analytics. Supply chains generate a wealth of events (shipping times, handling

steps, delays) that can be analyzed to optimize performance. If all events are stored, data scientists can mine

the historical stream for trends – e.g. identifying bottlenecks or forecasting inventory needs. Without event

sourcing, much of that granular data might be lost or aggregated in ways that hide patterns. As Kurrent’s use

case for transport mentions, having data as events in immutable streams allows in-depth analysis to measure

efficiency and track KPIs like carbon emissions [55] kurrent.io [54] kurrent.io. Essentially, the event store becomes

a treasure trove for continuous improvement in the supply chain.

In summary, drug supply chain management benefits from event sourcing through improved traceability,

authenticity verification, and resilience to disruptions. It creates a transparent ledger of how medicine moves

from lab to patient, which not only helps in compliance and safety but also in optimizing the operations. Queue-

based systems can certainly move the data, but only an event-sourced approach inherently remembers every

move.

Regulatory Compliance and 21 CFR Part 11

Pharmaceutical firms operate under a host of regulatory regimes beyond clinical trials – including manufacturing

regulations (GMP), lab regulations (GLP), and record-keeping regulations like 21 CFR Part 11 in the USA. Part 11,

in particular, is focused on ensuring that electronic records and signatures are trustworthy and equivalent to

paper records. A key element is the requirement for secure, computer-generated, time-stamped audit trails

that record the date and time of entries and actions that create, modify, or delete electronic records, without

allowing those audit trails to be altered [17] simplerqms.com.

Event sourcing can be seen as a turnkey solution for Part 11 compliance: the event log is a computer-generated

audit trail that tracks all record modifications, complete with timestamps and user context. Unlike a bolt-on audit

module, it’s baked into how the system works. A Part 11-compliant system must also ensure that records are

retained for as long as required and available for inspection. Given that event stores are append-only and

often designed never to lose data (or at least to archive data rather than truly delete it), they align with the
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record retention requirements. For example, if regulations demand keeping batch manufacturing data for 10

years, an event log can simply retain those events indefinitely. There’s no risk of someone accidentally purging

the audit trail because it’s part of the main database, not a separate subsystem.

Additionally, compliance often requires demonstrating data integrity controls – such as preventing

unauthorized changes and ensuring any changes don’t obscure the original data. Event sourcing naturally

enforces that original data is not lost on update (since an update results in a new event, and the original event is

still in the history) [56] kurrent.io [57] kurrent.io. Bath ASU’s case again is illustrative: operating in a GMP

environment, they realized overwriting rows in a SQL database wasn’t acceptable for the level of integrity

needed. By moving to an event-sourced solution (using Event Store database), they achieved “iron-clad audit

trails” and could adapt quickly to changing regulations [57] kurrent.io. The ability to adapt to regulatory change is

crucial; for instance, when regulations like FDA or EMA guidelines evolve, an event-sourced system can often

accommodate new data fields or process requirements by adding new event types, without upheaval of the

existing data. The historical data remains intact and usable.

In a GxP-compliant cloud platform paper, the authors explicitly list event sourcing as a practice for regulated

data systems: “Event Sourcing: Recording all changes to system state” to meet audit and traceability needs [58]

ijlrp.com. It’s considered a modern approach to fulfill the ALCOA principles of data integrity. Moreover, in the

pharma manufacturing context, one has to deal with electronic batch records, equipment logs, etc., which all fall

under compliance scrutiny. An event-sourced batch record system would log every step: materials added,

process parameters set, operator actions taken. If an investigation happens (like if a batch fails quality specs),

the company can present the entire event log of that batch’s production as evidence. This is far more convincing

and easier to analyze than piecemeal log files or paper records scattered around.

Finally, consider electronic signatures – Part 11 requires that any electronically signed record includes

information such as who signed and when. This can be modeled as events as well (e.g. an “ApprovalSigned”

event with user and timestamp). Those events become part of the audit trail, linking the signature to the exact

data state that was signed off. Traditional systems might store a flag in a table that a record was approved along

with a signed PDF, but an event-sourced system can explicitly record the approval as an event triggered only

when certain conditions are met, ensuring an immutable record of the sign-off.

In summary, regulatory compliance demands in pharma (21 CFR Part 11, EU Annex 11, etc.) strongly favor

systems that have comprehensive, unalterable audit logs and traceability. Event sourcing provides this by

default. A quote from a pharma case study put it succinctly: after implementing event sourcing, “Every change

is visible from start to finish; this is central to quality, product safety, and continuous improvement. With audit

trails that are 100% provable, \ [we] can satisfy regulatory requirements by providing accurate historical logs

and complete transparency.” [15] kurrent.io. Queue-based architectures, in contrast, would require significant

augmentation to achieve even a portion of this transparency, often with higher risk of human error (e.g.

forgetting to log an action) [30] kurrent.io.

Research and Development Logging

Beyond trials and manufacturing, pharmaceutical R&D (drug discovery, preclinical research, formulation

experiments) also benefits from event-sourced logging. In early research, scientists often experiment with

different parameters – numerous assays, compound variations, software models – and keeping track of what

was tried and what the outcomes were is crucial. Laboratory Information Management Systems (LIMS) and

electronic lab notebooks are increasingly replacing paper, and they too require audit trails and traceability (as

per GLP guidelines).

By logging each experimental step as an event, R&D organizations can ensure reproducibility and knowledge

retention. For example, a chemist performs a synthesis with certain steps; each step (add reagent, adjust

temperature, etc.) can be an event in the system. Months later, if someone asks “how was this result obtained?”,
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the event log can replay the exact sequence of steps and conditions. It also helps when experiments fail – one

can compare event logs of multiple runs to pinpoint where differences occurred. This approach effectively

creates a living history of research activities. If a patent challenge or scientific dispute arises, having a time-

stamped ledger of every experiment can be a strong evidence of who did what, when (and that no data was

fabricated or altered afterwards).

Event-based logging also assists in collaborative R&D. Multiple researchers working on the same project can

contribute events to the same stream (or related streams). The unified log then shows how each contribution

built on the other. If an AI model is being trained on experimental data, the model could even consume the event

stream to update in real-time. This is more seamless than batch updates from disparate sources.

Pharma R&D is iterative by nature – hypotheses refined over time. Event sourcing’s temporal queries allow

scientists to ask, “What was the state of our formulation as of last July?” or “Re-run the analysis pipeline on all

data before we changed the assay protocol to see if that change impacted results.” These are powerful

capabilities when trying to understand the scientific process itself. A data lineage overview notes that

companies like Pfizer tag each dataset with rich metadata (researcher, time, instrument) to ensure traceability

of results across R&D stages [59] thinkaicorp.com. This is essentially adding context to events so that later one

can filter or group them by various dimensions (who, when, which equipment). With an event store, such queries

are straightforward (e.g. retrieve all events from machine X by researcher Y last year).

Logging experiments as events also helps integrate R&D with downstream processes. When a drug candidate

moves from R&D to clinical trials, the event history of its discovery can be linked to the clinical data, providing a

full picture from invention to human testing. It creates a digital thread for the drug’s lifecycle. From a

compliance perspective, even early R&D data may need to be preserved (especially if used in regulatory filings).

Using event sourcing ensures that those records won’t be accidentally lost in a lab notebook or on an

individual’s PC – they’re part of a centralized immutable store.

In essence, R&D logging with event sourcing fosters a culture of data-driven innovation where no insight is lost.

It empowers scientists to retrace steps and build on prior work confidently. Traditional lab systems can log

changes, but often lack the seamless ability to reconstruct an entire experiment’s timeline. Event sourcing fills

that gap by making the log of events the foundation of the record-keeping.

Conclusion

Event-sourced architectures offer a paradigm shift in how we build systems that need robustness,

transparency, and adaptability. By storing not just the latest state but the entire history of changes as a

sequence of events, these architectures provide out-of-the-box solutions to challenges that plague classical

queue-based and CRUD systems. We have seen how event sourcing yields strong auditability and data

traceability – every action is recorded and traceable in a single source of truth log [10] graphapp.ai [13] kurrent.io.

We’ve discussed its contribution to system resilience, allowing services to recover gracefully from failures and

rebuild state from an immutable log [32] kurrent.io [34] kurrent.io. We examined the replayability that empowers

developers to recalculate or inspect past states on demand, making it possible to correct errors and derive new

insights from historical events [41] graphapp.ai [42] kurrent.io. In all these aspects, event sourcing clearly

demonstrates superiority over traditional queue-based designs that lack persistent memory of events.

These advantages are not just theoretical – they are being realized in practice, particularly in data-critical fields

like the pharmaceutical industry. From clinical trial systems that demand rigorous audit trails and data

integrity, to supply chain management that needs end-to-end traceability, to ensuring regulatory compliance

with 21 CFR Part 11 and beyond, event sourcing addresses core requirements in ways classical architectures

cannot easily match. A pharmaceutical manufacturer using event sourcing remarked that it “ensured perfect

audit trails and the ability to adapt quickly to changing regulations,” giving them confidence that no data is ever
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unknowingly lost or corrupted [57] kurrent.io [60] kurrent.io. In an industry where patient safety and trust are on

the line, such guarantees are invaluable.

Of course, adopting event sourcing comes with its own challenges – it introduces complexity in data modeling,

requires embracing eventual consistency, and demands effective tooling to manage event stores and

projections. It “permeates the entire architecture” and should be chosen with care for the right problem

domains [61] learn.microsoft.com. However, for systems that truly need what it offers – high-volume systems,

those requiring an immutable history or high auditability, or those needing to evolve over time without

sacrificing past data – the payoff is substantial. Many organizations have decided that the benefits outweigh

the costs, especially as modern frameworks and databases (EventStoreDB, Kafka, etc.) have matured to support

event-sourced patterns at scale.

In conclusion, event sourcing represents a more memoryful, accountable, and flexible approach to system

design compared to the transient nature of queue-based systems. It aligns software with the realities of

complex, long-running business processes, where understanding how and why data changed is just as

important as the final result. As we have seen, this alignment makes event sourcing particularly powerful in

pharmaceuticals and other regulated industries, turning compliance and integrity from headaches into built-in

features [15] kurrent.io [62] thinkaicorp.com. For architects and developers aiming to build systems that can stand

the test of time – and audits – event sourcing provides a compelling blueprint, one event at a time.

Sources: The insights and examples in this report are supported by software engineering literature and industry

case studies, including Martin Fowler’s seminal description of Event Sourcing [4] martinfowler.com, Microsoft and

Google’s architectural guides [2] learn.microsoft.com [8] cloud.google.com, the Kurrent/EventStore knowledge base

on audit and healthcare use cases [13] kurrent.io [30] kurrent.io, and pharma-specific analyses of data integrity

and lineage [18] thinkaicorp.com [15] kurrent.io, among others. These references provide further technical depth

and real-world validation for the benefits of event-sourced, history-based systems over classical queue-based

designs.
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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
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