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Abstract

Background: As the histopathology workforce continues to struggle and service demand continues to increase, it has become
prudent to consider viable avenues to try to alleviate diagnostic workload burden. One such avenue is computer-based technologies
(CBTs). Breast cancer (BC) is the most common malignant neoplasm in the United Kingdom and requires additional testing for
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2) status at the time of
histological diagnosis. This makes BC diagnostics a promising candidate for the application of an efficient CBT. However, for
clinical acceptance, these technologies must prove that they work within a real-life diagnostic environment.

Objective: We present a study protocol for a prospective clinical service evaluation aimed to validate a UK Conformity
Assessed–marked CBT’s ability to provide ER, PR, and HER2 results for invasive BCs from scanned hematoxylin and eosin-stained
whole slide images.

Methods: This protocol has been designed to use and mimic a preexisting digital pathology workflow within a National Health
Service tertiary referral cancer center without disrupting normal patient care. Eligible cases are identified prospectively through
the laboratory information management system, and their whole slide images are extracted from the clinical digital workflow.
After verification of national data opt-out status and the exclusion of appropriate cases (N=400 analyzable cases), these cases are
analyzed on a dedicated computer in parallel to the existing clinical workflow by a UK Conformity Assessed–marked deep
learning–based CBT in a separate environment, providing results for ER, PR, and HER2 status. These results are compared to
the ER, PR, and HER2 status reported on the corresponding pathology report. To evaluate the CBT’s performance, a range of
accepted concordance measures will be applied, including specificity, sensitivity, false-positive rate, false-negative rate, positive
predictive value, and negative predictive value. Moreover, time stamps representing the duration of image analysis will also be
collected.

Results: This study started in April 2025. There are no results to present, as this paper focuses on study design, and results have
yet to be generated. As of March 2026, overall, 366 potentially analyzable cases have been collected. The anticipated end date
of the study is May 2026 (400-case target). Results will be presented in a separate publication.
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Conclusions: This design assesses a CBT within a clinical environment while effectively eliminating any unwanted effects on
patient care. This type of service evaluation provides a useful step to establish confidence in a CBT before trialing its effect on
patient care. It also offers the opportunity to support interventional randomized controlled trials, health economic evaluations,
and usability studies. This protocol will hopefully prove useful to others who wish to conduct a similar service evaluation at their
own institution.

International Registered Report Identifier (IRRID): DERR1-10.2196/76785

(JMIR Res Protoc 2026;15:e76785) doi: 10.2196/76785
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Introduction

It is now well recognized that the histopathology workforce,
both in the United Kingdom and globally, is in crisis [1]. The
UK Royal College of Pathologists’ 2018 workforce census
revealed that only 3% of departments were sufficiently staffed
to meet clinical need [2]. The report also highlighted that a
quarter of histopathologists were older than 55 years, and the
workforce in England would fall to 74% of its current level if
all these pathologists were to retire within 5 years. Additionally,
the census estimated that there is a UK-wide £27 million (CAD
$50.09 million=US $36.68 million) annual spend compensating
for staffing shortfalls through locums and outsourcing work.
The census also acknowledged the increasing use of additional
molecular and genomic testing in diagnostic work. This
predicament is exacerbated by the increasing cancer burden. In
this respect, Cancer Research UK reported that more than
385,000 new cancers were diagnosed annually in the United
Kingdom between 2017 and 2019 [3]. This is predicted to
increase to approximately 506,000 by 2038 to 2040 [4]. This
increase would place unparalleled pressure on an already
stretched histopathology service, potentially affecting patient
care.

Digital pathology is an area that the Royal College of
Pathologists has acknowledged could help alleviate this problem
by enabling more efficient working [2]. In fact, pathology
departments throughout the United Kingdom are starting to
digitize, creating an opportunity to explore the merit of adjunct
computer-based technologies (CBTs). These could lighten the
workload of both pathologists and pathology departments by
replacing or assisting with time-consuming tasks. For example,
the first and currently only Food and Drug
Administration–approved artificial intelligence (AI)–based
pathology software Paige Prostate [5] can aid pathologists by
highlighting areas suspicious for carcinoma in prostate biopsies
[6-8], apparently reducing a pathologist’s review time of a full
set of cases by 65.5% [6]. In fact, a service evaluation, the
Artificial Intelligence for Cellular Pathology Transformation
in Prostate Practice project based in Oxford, United Kingdom,
has been conducted to assess the use of Paige Prostate, helping
histopathologists with prostate biopsy evaluation [9,10].

Another common malignant tumor where time savings could
be invaluable is breast cancer (BC). In the United Kingdom,
data from 2017 to 2019 showed that BC was the most common
malignancy seen in the country over that period [11].
Additionally, all newly diagnosed invasive BCs in the United

Kingdom undergo testing for estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor
receptor-2 (HER2) status to determine molecular subtype and
guide treatment [12]. ER and PR testing involves
immunohistochemistry [12], while HER2 testing requires
immunohistochemistry with or without in situ hybridization
(ISH) [13]. These ancillary tests generate more work and cost
for histopathology laboratories in terms of specimen preparation
and staining as well as commandeering pathologists’ time to
score and report the results. In this setting, any technology that
could alleviate this time burden would be welcome. This would
be particularly beneficial if it could extract such diagnostic
information from hematoxylin and eosin (H&E)–stained whole
slide images (WSIs) alone, as H&E-stained tissue interpretation
is already the first, essential step in a pathologist’s diagnostic
assessment. Akin to Paige Prostate, the technology company
Ibex has been awarded UK-based funding to trial its BC
diagnostic platform in a number of UK hospitals [14], although
this technology focuses on BC detection on H&E-stained WSIs
rather than molecular subtype profiling [15].

While CBTs have become an attractive area for research
scientists and manufacturers, no such technology has translated
into the active clinical space in the United Kingdom. The
underlying reasons are multifaceted, including the need for
significant validation [16,17], cost implications [16-18], and
the lack of defined minimal performance levels acceptable to
pathologists [17]. It has been proposed that, ideally, robust
validation for CBTs requires a multicenter clinical trial with a
cost-benefit analysis [16]. In this regard, the United Kingdom’s
National Cancer Research Institute Cellular Molecular Pathology
Initiative and the British In Vitro Diagnostics Association
published a road map for bringing AI into routine clinical
pathology practice [19]. This recommends that a trial akin to
phase I (analytic validation) and phase 2/3 (clinical validation)
in drug development be carried out to facilitate the regulatory
approval and clinical use of these technologies. In addition, they
describe phase I studies as including a health economic
assessment. Furthermore, they provide a study comparing a tool
for grading Ki-67 in neuroendocrine tumors entering a
department during a set time frame with pathologists as an
example of a “clinical (phase 2/3) validation”.

To help bridge the gap between development and clinical
adoption, we have designed a protocol for a prospective clinical
service evaluation of a UK Conformity Assessed
(UKCA)–marked CBT implemented within digital pathology.
This study evaluates a CBT’s ability to provide the molecular
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subtype (ER, PR, and HER2 status) of invasive BCs on biopsy
specimens within an operational, digitized histopathology
department. This evaluation has been purposefully designed to
run alongside routine diagnostic practice and not interfere with
patient management. This ensures that the CBT can be assessed
in a clinical environment without direct impact on patients. We
believe that this is an essential step to build confidence in these
technologies before they are used to inform patient care. The
CBT to be tested in our specific study is the UKCA-marked,
deep-learning technology PANProfiler Breast (Panakeia
Technologies Limited).

The design of this service evaluation is shared herein to provide
other investigators with a reference point to conduct other
similar studies to help bring CBTs into the digital pathology
space. The aim of this service evaluation is to validate the
technology’s performance in the molecular subtyping of invasive
BCs from H&E WSIs of BC biopsy specimens in a real-life
clinical environment.

Methods

Service Evaluation Design and Setting
This service evaluation has been designed to be carried out
within a pathology department with a pre-established digitized
workflow. Our study will take place at St James’s University
Hospital, Leeds Teaching Hospitals National Health Service
(NHS) Trust (LTHT), United Kingdom. We have attempted to
simulate how a CBT could integrate into the journey of a breast
biopsy specimen suspicious for malignancy through this specific
digital workflow. As mentioned, this evaluation is
noninterventionist and runs parallel to the existing clinical
pathway. It avoids interrupting or affecting laboratory processes,
clinical reporting, or patient management. The generic steps of
this clinical service evaluation are presented in Figure 1. To
ensure minimal disruption to clinical services, all trial work will
be conducted by a dedicated research team.

Figure 1. Demonstration of the clinical service evaluation design and its integration into a digital pathology workflow. (A) Steps in the routine digital
pathology workflow. General specimen processing and reporting are shown in white. Handling of digital images is shown in green. Centralized digital
systems are shown in blue. (B) Steps in the clinical service evaluation. CBT: computer-based technology; LIMS: laboratory information management
system; PACS: picture archiving and communication system; SAM: server application monitor; WSI: whole slide image.

Identification of Cases
Eligible cases (N=400) will be identified prospectively as they
are logged in at the histopathology department. At LTHT, cases
are routinely assigned a unique Trust-specific specimen number
and categorized using the local laboratory information
management system (LIMS) codes. Breast biopsies that are
suspicious for malignancy at the time of sampling are assigned
one of a set of specific LIMS codes. Researchers will search
the LIMS using this set of specific codes to identify eligible
cases (Figure 2). Generic inclusion criteria include all patients
with a breast biopsy specimen processed at St James’s

University Hospital. Exclusion criteria are samples in line with
the device’s indications for use. These include (but are not
limited to) noncarcinoma malignancies (eg, angiosarcomas),
malignancies not arising from breast tissue (eg, cutaneous
carcinomas arising from breast skin), and those confirmed not
to have invasive malignancy. These exclusions will be
performed at the time of data collection from pathology reports.
Applying these criteria, convenience sampling will be used to
(1) simulate the histopathology workflow as closely as possible
and (2) ensure that all relevant or eligible cases are captured
during the study period. When identified, the case’s specimen
number and NHS number will be collected, and a unique,
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anonymized study number will be allocated. The digital WSIs
for a case will also be extracted (refer to the Extraction of Digital

Images section), and an anonymized image number will be
assigned that is aligned with the corresponding study number.

Figure 2. Data handling through the clinical service evaluation. CBT: computer-based technology; LIMS: laboratory information management system;
NHS: National Health Service; WSI: whole slide image.

Extraction of Digital Images
Once all potential cases are identified for the service evaluation,
their images will be extracted and saved securely on the Trust’s
IT storage (Figures 1-2). This design uses WSIs scanned as part
of a histopathology department’s pre-established workflow
(Figure 2). Briefly, researchers will manually access and
duplicate relevant WSIs, saving them on the Trust’s secure IT
server. Images will be anonymized using an SVS-deidentifier
tool (Pearcetm); licensed by the Massachusetts Institute of
Technology), which removes patient metadata without affecting
the WSI. To remove the Trust-specific specimen number,
researchers will manually rename the image files with the
unique, anonymized image number assigned to the case.

NHS National Data Opt-Out Checks
After the identification of eligible cases and corresponding
image extraction, National Data Opt-Out Scheme (NDOS)
checks will be completed (Figure 2). The NHS England NDOS
offers patients the option to opt out of their data being used for
research [20]. At LTHT, the Research Data and Informatics
Team (R-DIT) will perform NDOS checks to ensure patients
who have opted out are identified and have their wishes honored.
To perform these checks, R-DIT requires patient NHS numbers.
The research team will securely transfer the NHS numbers of
the samples identified for the service evaluation to the R-DIT.
R-DIT will then inform the research team which cases can or
cannot be included in the study. All cases that have opted out
will have all data and images collected up to that point deleted.
Additionally, the NHS numbers for all cases will be deleted as
they will no longer be required.

Data Collection From Pathology Reports
To determine the accuracy of the CBT, researchers will collect
ER, PR, and HER2 data from authorized pathology reports
(Figure 2). The cases that are subsequently excluded because

of NDOS compliance will have their data deleted before any
analysis. At LTHT, breast specimens are reported by breast
subspecialist histopathologists, and the results reported for ER,
PR, and HER2 status in these reports will be used as the ground
truth. This data collection will take place before the CBT results
are generated by the research team and will not be shared with
the technology providers. This keeps the evaluation fully blind.
For completeness, the type of specimen will also be collected,
for example, core biopsy or vacuum-assisted biopsy. Once this
information has been collected from the pathology reports, the
specimen numbers for all cases will be deleted. This removes
any link back to the patient, which is particularly important
when starting to analyze the CBT’s performance.

Transfer of Anonymized Digital Images to a Dedicated
Workstation
A dedicated desktop PC will be established to run the CBT. The
CBT will be installed before eligible samples are identified.
Once set up, the anonymized WSIs will be uploaded to this
dedicated desktop via 256-bit encrypted keypad external hard
drives and stored securely (Figures 1-2). This desktop will be
located within the NHS Trust intranet; however, it will not be
connected to the LIMS or the electronic patient record system.
This will help ensure there is no crossover between the service
evaluation and standard patient care.

The CBT To Be Evaluated
The CBT to be used in this service evaluation is PANProfiler
Breast, a UKCA-marked, deep learning-based technology that
leverages computational methods to analyze H&E-stained BC
WSIs. Specifically, it extracts histomorphological features
associated with ER and PR expressions as well as HER2 status.
This has been described in detail elsewhere [21].
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The CBT’s Analysis of Anonymized Digital Images
Once the anonymized WSIs have been uploaded to the dedicated
PC, the research team will use the CBT and analyze the images
(Figures 1-2). This will generate results for ER, PR, and HER2
status, and these will be recorded by the researchers. Time
stamps pertaining to the time and date of file upload and the
generation of results following image analysis will also be
collected. ER, PR, and HER2 results will be compared to the
ground truth. This image analysis will only be conducted after
the data from the corresponding pathology report have been
collected and the specimen number deleted. Because we do not
intend to influence patient care, we prevented the CBT results
from linking back to the patient in this way. After the image
analysis has been completed for a case, the images will be

deleted from all hard drives. This approach ensures adherence
to Trust Information Governance requirements and prevents the
images from being mistakenly analyzed more than once.

Data Analysis
To validate the CBT’s diagnostic accuracy in this clinical service
evaluation, concordance will be established with the ground
truth (ie, the pathology report). Measures including sensitivity;
specificity; false-positive rates and false-negative rates; and
positive and negative predictive values for ER, PR, and HER2
will be calculated based on the formulae presented in Table 1.
The time difference between the 2 time stamps collected will
also be calculated. From this, a range and median time for the
CBT’s result generation will be quantified.

Table 1. The standard diagnostic metrics used to measure the performance of PANProfiler Breast.

DefinitionPerformance metric

Number of concordant cases/total number of cases with definitive PANProfiler resultConcordance

TPa/TP+FNbSensitivity

TNc/TN_FPdSpecificityc,d

TP/TP+FPPositive predictive value

TN/TN+FNNegative predictive value

FN/TP+FNFalse-negative rate

FP/TN+FPFalse-positive rate

Number of cases with definitive PANProfiler resulte/total number of casesTest replacement rate

Number of cases with definitive PANProfiler results*for all marks/total number of casesComplete test replacement rate

aTP: true positive.
bFN: false negative.
cTN: true negative.
dFP: false positive.
eDefinitive PANProfiler result for HER2 is “negative,” and definitive PANProfiler result for estrogen receptor or progesterone receptor is “positive”
or “negative.” The table is taken from the supplementary material of our previous publication [21].

Ethical Considerations
On consultation with and review from the local Research and
Innovation team, it was decided that because this study is a
service evaluation, ethics approval is not required [22]. This
was confirmed using the Human Research Authority Research
Decision Tool [23]. Explicit patient consent was also deemed
unnecessary, as researchers were considered to be members of
the direct clinical care team. The lack of participants means that
compensation disclosure does not apply. Additionally, this
protocol prioritizes minimizing disruption to the clinical
diagnostic pathway and interfering with patient care. Using a
preexisting IT infrastructure and conducting our analysis outside
of the direct specimen pathway, we help to limit any disturbance
to the clinical service provided by the pathology department.
Moreover, using a separate dedicated PC, we prevent the CBT’s
interference with the reporting system and subsequently patient
care. This is enhanced by the fact that connections between the
WSIs to be analyzed and the patient are removed before the
CBT is applied. This is especially important in the advent of

discordant results between the CBT and the current standard of
care.

With regard to patient confidentiality, only necessary patient
identifiable data will be collected and then deleted at the earliest
opportunity. In fact, NHS numbers are only collected to facilitate
honoring patients’choices with regard to the NDOS check. This
process is necessary to allow patients’ opt-out wishes to be
respected and upheld. The specimen numbers facilitate the
collection of data from the corresponding pathology reports,
and these are Trust-specific. From this point, all data collected
will be anonymized. The WSIs are also anonymized at the time
of extraction, with an additional quality control check put in
place. Furthermore, access to the data and WSIs collected as
part of this service evaluation will be restricted to the research
team.

In this vein, another consideration throughout this design is data
security. WSIs for the service evaluation will be kept on the
NHS Trust secure servers in a dedicated folder and subfolders.
Their transfer to the dedicated CBT workstation will be enabled
by an encrypted hard drive, which will be stored securely on
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Trust premises. As mentioned previously, all images will be
deleted from the hard drive after the CBT analysis is complete.
The other data collected (including NHS numbers) will be stored
on the Trust’s Microsoft OneDrive system, with access restricted
to the research team. When transferring NHS numbers to R-DIT
for NDOS checks, a secure NHS email will be used.

Results

The study started in April 2025. There are no results to present
to date, as this paper is focused on study design, and final results
have yet to be generated. As of March 2026, 366 potentially
analyzable cases have been collected, and the anticipated end
date is May 2026. This study will be considered complete once
the target 400 cases have been analyzed. Given the prospective
nature of this study, the duration/achieving this target will
depend on the variability of routine clinical throughput. The
results of this evaluation will be the subject of a separate
publication in which any deviation from this protocol will be
described, as appropriate.

Discussion

The Protocol in a Wider Context
This protocol details a clinical service evaluation for validating
the ability of a diagnostic CBT within a digital pathology
workflow. To the best of our knowledge, no CBT has been
approved by the National Institute for Health and Care
Excellence (NICE) for use within digital pathology. In fact, a
NICE medtech innovation briefing on Paige Prostate published
in 2021 highlighted the absence of prospective, UK-based
evidence [24]. General comments provided by experts read that
“prospective use and audits would be important to inform how
valuable the technology could be in practice,” and the document
referenced the Oxford-based project as a “recent and ongoing”
study. This protocol sets out such a study in the BC field. It is
sufficiently flexible to be adapted to ever-evolving diagnostic
parameters in clinical practice as well as ongoing updates to
technologies. Clinical service evaluations after such updates
are critical to ensuring that high levels of performance are
maintained in the face of changes, for example, when the
definitions of HER2 status were updated in 2023 in the United
Kingdom to incorporate the emergence of HER2-low BCs [25].

Consideration should be given to what the next steps may be
from a service evaluation such as this to full clinical adoption.
Given the different digital infrastructures within NHS Trusts
across the United Kingdom, service evaluations should be
conducted for any given technology within each specific Trust
considering its adoption. Such individualized assessments will
not only allow each Trust to see whether the technology
performs well within their systems and for their patients, but
also contribute to the overall strength of evidence behind the
technology. Building on this, one of the next steps would be to
trial the effect of the technology directly on patient care. Ideally,
this would take the form of a randomized controlled trial
comparing groups who had CBT involved in their treatment
pathway and those who did not.

Another key step to galvanize clinical adoption of CBTs within
pathology is NICE approval. NICE produces technology
appraisal guidance where the recommendations are based on
“a review of clinical evidence and cost effectiveness” [26]. The
manual for NICE health technology evaluations is extensive
and states that “NICE considers all types of evidence in its
evaluations” [27]. The authors of this manual explain that for
“diagnostic technologies,” “end-to-end studies” are preferred,
and “diagnostic accuracy studies” are also included in this
document. A study such as ours could help provide essential
information for these health technology evaluations and inform
NICE recommendations.

As mentioned, for recommended technologies, NICE assesses
information regarding cost-effectiveness, where it is asked,
“does it represent value for money?” [26]. Its manual details a
specified “reference case” that defines the methods for economic
evaluation that NICE prefers [27]. Within this, they include
cost-utility and cost-comparison analyses. To this end, a health
economics evaluation in line with our study protocol has been
considered. This evaluation would directly compare the cost of
processing breast biopsies for ER, PR, and HER2 testing using
the current standard of care (ie, immunohistochemistry with or
without ISH) versus replacing it with a CBT (ie, without
immunohistochemistry with or without ISH). To determine the
resources used by the current diagnostic pathway within the
LTHT laboratory, estimates will be taken directly from the
existing standard of care used. This will include resources used
for slide preparation; pathologist slide review and reporting
time; costs of laboratory staffing, reagents, and equipment; costs
of ancillary investigations for ER, PR, and HER2; and the costs
of physical and electronic slide storage. These would then be
directly compared to the costs of the CBT. This would include
the time stamps collected in this study, covering the time taken
by the CBT to analyze images and produce results, and the costs
to the NHS of accessing the CBT reports. The estimation of the
potential savings from the use of the CBT will include both
straightforward and more complicated analyses. For directly
comparable parameters, such as the cost of testing, the difference
would be estimated. For parameters such as the potential savings
of freeing up pathologists’ time in slide review for other uses,
modeling will be used to estimate these scenarios. The wealth
of information this evaluation could bring will again help inform
the Trust of the CBT’s usefulness as well as provide evidence
to NICE for a technology appraisal.

Finally, it would be beneficial to align a service evaluation such
as ours with a degree of usability testing. It has been found from
questioning pathology consultants in the United Kingdom that
for acceptance of an AI tool, “high levels of usability” are key
[28]. Moreover, King et al [28] found that their results
“suggested an iterative design process with early user
involvement” would help promote “AI uptake”. Usability testing
is planned to accompany this service evaluation design.
Separately, pathology trainees and consultants will be able to
view and interact with the CBT, using it as intended but not on
‘live cases’. This will give the users a chance to explore the
technology without any concern of error or interruption of
normal care. Feedback from this testing will be gathered and
used to help perfect the interface of the CBT.
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Limitations
As discussed by Colling et al [19] in their clinical practice road
map, there are inherent issues with establishing a ground truth
for some AI technologies. They describe that using a
pathologist’s microscopic assessment as the ground truth is a
“controversial assumption”. This is due to the interobserver
variability seen and the subjective nature of the assessments.
They suggest that validation is normally needed across multiple
pathologists and laboratories. As our study design mimics the
standard clinical pathway, it will solely rely on pathologists’
assessment of the case for ER, PR, and HER2 status. While this
does not necessarily mitigate the issues highlighted, it would
compromise the aim of this study to assess the CBT’s utility in
a real-life clinical environment. To address this limitation, it
may be necessary to carry out additional testing in a specific
investigation. Additionally, as mentioned earlier, this protocol
may not precisely fit within the infrastructure of other NHS
Trusts. This lack of complete generalizability is unavoidable
and is not wholly a limitation, as others can adapt this protocol
to fit the needs of their departments, pathologists, and patients.
While this protocol can be adapted to other Trusts, it is important
to note that it does not assess the integration of a technology
into a specific workflow. This has been deliberate, given that

the focus of this design was to mitigate the premature integration
of a newly developed and yet clinically unproven diagnostic
technology. From a broader perspective, the foundations of this
service evaluation could be implemented in health care systems
outside the UK. With that said, as is the case for other United
Kingdom sites, there will be logistical, regulatory, and clinical
hurdles specific to each individual administration. For example,
the NDOS appears to be NHS England specific [20] and would
likely not need to be considered internationally. How the
evaluation’s foundations may apply in other international
diagnostic histopathology services is beyond the scope of this
paper.

Conclusions
The use of CBTs and AI within pathology in the United
Kingdom is increasingly imminent. To validate and determine
which technologies will perform best within a real-life clinical
environment, clinical service evaluations, such as the one we
have designed, are warranted. This protocol can provide a
blueprint for other researchers and other pathology departments
to enable their own evaluations. It may also provide the basis
for further work needed, such as health economics evaluations
and usability testing.

Acknowledgments
The authors would also like to thank the Research and Innovation and the Research Data Informatics Teams at Leeds Teaching
Hospitals National Health Services Trust for their advice and guidance on study planning. Generative artificial intelligence was
not used in any portion of the manuscript generation.

Funding
Funding for this clinical service evaluation is provided by Panakeia Technologies Limited from an Innovate UK grant (10114168).
Panakeia Technologies Limited has been involved in the design of this protocol.

Data Availability
Data sharing is not applicable to this paper as no datasets were generated or analyzed during this study. However, the authors
plan to make the data of the study available as a follow-up publication, which will incorporate the principal findings of this clinical
evaluation.

Authors' Contributions
EW and NMO designed the overall protocol. DR designed the processes for image extraction, anonymization, quality control
checks, and upload. EW, DR, and NMO drafted the manuscript. MD provided health economic expertise. AG, SA, NK, and PP
provided technological and organizational input. AMH and RM-S provided clinical input. OR provided departmental input. All
authors reviewed the manuscript.

Conflicts of Interest
EW received an industry-funded Clinical Research Fellowship from 4D Path Inc. EW now receives funding from Panakeia
Technologies Limited, United Kingdom (Multimedia Appendix 1). NMO received an industry-funded Clinician Scientist Fellowship
funded by, and holds stock options with, 4D Path Inc. SA, AG, NK, and PP are employees of and hold stock options with Panakeia
Technologies Limited, United Kingdom. Panakeia Technologies Limited has pending patent applications related to the technology
underlying PANProfiler Breast. SA is an inventor on one of the patents. Due to the sensitive nature of these applications, specific
details are not disclosed. MD and DR have received consultancy income from 4D Path Inc. All other authors declare no conflicts
of interest.

Multimedia Appendix 1
Funding confirmation.
[PDF File (Adobe PDF File), 203 KB-Multimedia Appendix 1]

JMIR Res Protoc 2026 | vol. 15 | e76785 | p. 7https://www.researchprotocols.org/2026/1/e76785
(page number not for citation purposes)

Walsh et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v15i1e76785_app1.pdf&filename=ab388846c721bf0b905537886a8c38ce.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e76785_app1.pdf&filename=ab388846c721bf0b905537886a8c38ce.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 2
Peer-review report from Innovate UK (IUK) Investor Partnerships SME Grant Committee.
[PDF File (Adobe PDF File), 450 KB-Multimedia Appendix 2]

References

1. Walsh E, Orsi NM. The current troubled state of the global pathology workforce: a concise review. Diagn Pathol. Dec 21,
2024;19(1):163. [FREE Full text] [doi: 10.1186/s13000-024-01590-2] [Medline: 39709433]

2. Meeting pathology demand: histopathology workforce census. The Royal College of Pathologists. 2018. URL: https:/
/tinyurl.com/423tpuvw [accessed 2024-06-18]

3. Cancer incidence statistics. Cancer Research UK. URL: https://www.cancerresearchuk.org/health-professional/cancer-statistics
[accessed 2024-11-20]

4. Cancer incidence for all cancers combined. Cancer Research UK. URL: https://www.cancerresearchuk.org/health-professional/
cancer-statistics/incidence/all-cancers-combined [accessed 2024-07-01]

5. FDA authorizes software that can help identify prostate cancer. US Food and Drug Administration. URL: https://www.
fda.gov/news-events/press-announcements/fda-authorizes-software-can-help-identify-prostate-cancer [accessed 2024-03-12]

6. da Silva LM, Pereira EM, Salles PG, Godrich R, Ceballos R, Kunz JD, et al. Independent real-world application of a
clinical-grade automated prostate cancer detection system. J Pathol. Jun 27, 2021;254(2):147-158. [FREE Full text] [doi:
10.1002/path.5662] [Medline: 33904171]

7. Raciti P, Sue J, Ceballos R, Godrich R, Kunz JD, Kapur S, et al. Novel artificial intelligence system increases the detection
of prostate cancer in whole slide images of core needle biopsies. Mod Pathol. Oct 2020;33(10):2058-2066. [FREE Full
text] [doi: 10.1038/s41379-020-0551-y] [Medline: 32393768]

8. Perincheri S, Levi AW, Celli R, Gershkovich P, Rimm D, Morrow JS, et al. An independent assessment of an artificial
intelligence system for prostate cancer detection shows strong diagnostic accuracy. Mod Pathol. Aug 2021;34(8):1588-1595.
[FREE Full text] [doi: 10.1038/s41379-021-00794-x] [Medline: 33782551]

9. The ARTICULATE PRO project. Nuffield Department of Surgical Sciences University of Oxford. URL: https://www.
nds.ox.ac.uk/research/verrill-pathology-group/articulate-pro [accessed 2025-01-10]

10. Examining the impacts of pathologists using the assistance of computer technology (artificial intelligence software) on the
diagnosis of prostate cancer biopsies. ISRCTN Registry. 2025. URL: https://www.isrctn.com/ISRCTN91685765 [accessed
2025-02-11]

11. Cancer incidence for common cancers. Cancer Research UK. URL: https://www.cancerresearchuk.org/health-professional/
cancer-statistics/incidence/common-cancers-compared [accessed 2025-01-10]

12. Early and locally advanced breast cancer: diagnosis and management. National Institute for Health and Care Excellence.
2018. URL: https://www.nice.org.uk/guidance/ng101 [accessed 2026-02-27]

13. Rakha EA, Pinder SE, Bartlett JM, Ibrahim M, Starczynski J, Carder PJ, et al. Updated UK recommendations for HER2
assessment in breast cancer. J Clin Pathol. Feb 08, 2015;68(2):93-99. [FREE Full text] [doi: 10.1136/jclinpath-2014-202571]
[Medline: 25488926]

14. Thousands of patients to benefit from quicker diagnosis and more accurate tests from ground-breaking AI research.
Department of Health and Social Care, NHS England, The Rt Hon Steve Barclay MP. Mar 3, 2023. URL: https://tinyurl.
com/yf43x9mk [accessed 2026-02-27]

15. Ibex Breast. Ibex. URL: https://ibex-ai.com/breast/ [accessed 2026-02-27]
16. Moxley-Wyles B, Colling R, Verrill C. Artificial intelligence in pathology: an overview. Diagn Histopathol. Nov

2020;26(11):513-520. [doi: 10.1016/j.mpdhp.2020.08.004]
17. Acs B, Rantalainen M, Hartman J. Artificial intelligence as the next step towards precision pathology. J Intern Med. Jul

2020;288(1):62-81. [FREE Full text] [doi: 10.1111/joim.13030] [Medline: 32128929]
18. Tizhoosh HR, Pantanowitz L. Artificial intelligence and digital pathology: challenges and opportunities. J Pathol Inform.

Nov 14, 2018;9:38. [FREE Full text] [doi: 10.4103/jpi.jpi_53_18] [Medline: 30607305]
19. Colling R, Pitman H, Oien K, Rajpoot N, Macklin P, CM-Path AI in Histopathology Working Group, et al. Artificial

intelligence in digital pathology: a roadmap to routine use in clinical practice. J Pathol. Oct 2019;249(2):143-150. [FREE
Full text] [doi: 10.1002/path.5310] [Medline: 31144302]

20. National data opt-out. NHS Digital. URL: https://digital.nhs.uk/services/national-data-opt-out [accessed 2025-08-22]
21. Walsh E, Arslan S, Geraldes A, Millican-Slater R, Hanby AM, Bennett N, et al. Clin Breast Cancer. Oct 2025;25(7):650-657.

[FREE Full text] [doi: 10.1016/j.clbc.2025.06.005] [Medline: 40645910]
22. Defining research. Health Research Authority. 2022. URL: https://www.hra-decisiontools.org.uk/research/docs/

DefiningResearchTable_Oct2022.pdf [accessed 2024-11-21]
23. NHS Health Research Authority. URL: https://www.hra-decisiontools.org.uk/research/ [accessed 2026-03-15]
24. Paige prostate for prostate cancer. National Institute for Health and Care Excellence. Nov 30, 2021. URL: https://www.

nice.org.uk/advice/mib280/resources/paige-prostate-for-prostate-cancer-pdf-2285965868093125 [accessed 2024-11-25]

JMIR Res Protoc 2026 | vol. 15 | e76785 | p. 8https://www.researchprotocols.org/2026/1/e76785
(page number not for citation purposes)

Walsh et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v15i1e76785_app2.pdf&filename=51ff309d830362af7003821a56f93778.pdf
https://jmir.org/api/download?alt_name=resprot_v15i1e76785_app2.pdf&filename=51ff309d830362af7003821a56f93778.pdf
https://diagnosticpathology.biomedcentral.com/articles/10.1186/s13000-024-01590-2
http://dx.doi.org/10.1186/s13000-024-01590-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39709433&dopt=Abstract
https://www.rcpath.org/uploads/assets/952a934d-2ec3-48c9-a8e6e00fcdca700f/Meeting-Pathology-Demand-Histopathology-Workforce-Census-2018.pdf
https://www.rcpath.org/uploads/assets/952a934d-2ec3-48c9-a8e6e00fcdca700f/Meeting-Pathology-Demand-Histopathology-Workforce-Census-2018.pdf
https://www.cancerresearchuk.org/health-professional/cancer-statistics
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/all-cancers-combined
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/all-cancers-combined
https://www.fda.gov/news-events/press-announcements/fda-authorizes-software-can-help-identify-prostate-cancer
https://www.fda.gov/news-events/press-announcements/fda-authorizes-software-can-help-identify-prostate-cancer
https://europepmc.org/abstract/MED/33904171
http://dx.doi.org/10.1002/path.5662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33904171&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0893-3952(22)00475-6
https://linkinghub.elsevier.com/retrieve/pii/S0893-3952(22)00475-6
http://dx.doi.org/10.1038/s41379-020-0551-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32393768&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0893-3952(22)00572-5
http://dx.doi.org/10.1038/s41379-021-00794-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33782551&dopt=Abstract
https://www.nds.ox.ac.uk/research/verrill-pathology-group/articulate-pro
https://www.nds.ox.ac.uk/research/verrill-pathology-group/articulate-pro
https://www.isrctn.com/ISRCTN91685765
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/common-cancers-compared
https://www.cancerresearchuk.org/health-professional/cancer-statistics/incidence/common-cancers-compared
https://www.nice.org.uk/guidance/ng101
http://jcp.bmj.com/lookup/pmidlookup?view=long&pmid=25488926
http://dx.doi.org/10.1136/jclinpath-2014-202571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25488926&dopt=Abstract
https://www.gov.uk/government/news/thousands-of-patients-to-benefit-from-quicker-diagnosis-more-accurate-tests-from-ground-breaking-ai-research
https://www.gov.uk/government/news/thousands-of-patients-to-benefit-from-quicker-diagnosis-more-accurate-tests-from-ground-breaking-ai-research
https://ibex-ai.com/breast/
http://dx.doi.org/10.1016/j.mpdhp.2020.08.004
https://onlinelibrary.wiley.com/doi/10.1111/joim.13030
http://dx.doi.org/10.1111/joim.13030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32128929&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2153-3539(22)00351-0
http://dx.doi.org/10.4103/jpi.jpi_53_18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30607305&dopt=Abstract
https://eprints.gla.ac.uk/188263
https://eprints.gla.ac.uk/188263
http://dx.doi.org/10.1002/path.5310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31144302&dopt=Abstract
https://digital.nhs.uk/services/national-data-opt-out
https://linkinghub.elsevier.com/retrieve/pii/S1526-8209(25)00168-5
http://dx.doi.org/10.1016/j.clbc.2025.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=40645910&dopt=Abstract
https://www.hra-decisiontools.org.uk/research/docs/DefiningResearchTable_Oct2022.pdf
https://www.hra-decisiontools.org.uk/research/docs/DefiningResearchTable_Oct2022.pdf
https://www.hra-decisiontools.org.uk/research/
https://www.nice.org.uk/advice/mib280/resources/paige-prostate-for-prostate-cancer-pdf-2285965868093125
https://www.nice.org.uk/advice/mib280/resources/paige-prostate-for-prostate-cancer-pdf-2285965868093125
http://www.w3.org/Style/XSL
http://www.renderx.com/


25. Rakha EA, Tan PH, Quinn C, Provenzano E, Shaaban AM, Deb R, et al. UK recommendations for HER2 assessment in
breast cancer: an update. J Clin Pathol. Apr 2023;76(4):217-227. [doi: 10.1136/jcp-2022-208632] [Medline: 36564170]

26. About technology appraisal guidance. National Institute for Health and Care Excellence. URL: https://www.nice.org.uk/
about/what-we-do/our-programmes/nice-guidance/nice-technology-appraisal-guidance [accessed 2025-01-10]

27. NICE health technology evaluations: the manual. National Institute for Health and Care Excellence. Jan 31, 2022. URL:
https://tinyurl.com/yppv7wyu [accessed 2024-11-25]

28. King H, Williams B, Treanor D, Randell R. How, for whom, and in what contexts will artificial intelligence be adopted in
pathology? A realist interview study. J Am Med Inform Assoc. Feb 16, 2023;30(3):529-538. [FREE Full text] [doi:
10.1093/jamia/ocac254] [Medline: 36565465]

Abbreviations
AI: artificial intelligence
BC: breast cancer
CBT: computer-based technology
ER: estrogen receptor
H&E: hematoxylin and eosin
HER2: human epidermal growth factor receptor-2
ISH: in situ hybridization
LIMS: laboratory information management system
LTHT: Leeds Teaching Hospitals National Health Service Trust
NDOS: National Data Opt-Out Scheme
NHS: National Health Service
NICE: National Institute for Health and Care Excellence
PR: progesterone receptor
R-DIT: Research Data and Informatics Team
UKCA: UK Conformity Assessed
WSI: whole slide image

Edited by T Leung, A Schwartz; The proposal for this study was peer reviewed by: Innovate UK (IUK) Investor Partnerships SME
Grant Committee. See the Multimedia Appendix for the peer-review report; Submitted 30.Apr.2025; accepted 30.Nov.2025; published
16.Jun.2026.

Please cite as:
Walsh E, Rathore D, Geraldes A, Arslan S, Hanby AM, Millican-Slater R, Drummond M, Rotimi O, Kumar N, Pandya P, Orsi NM
Deep-Learning Solution Providing Molecular Marker Subtyping of Breast Cancer Whole Slide Images: Protocol for a UK Clinical
Service Evaluation Study
JMIR Res Protoc 2026;15:e76785
URL: https://www.researchprotocols.org/2026/1/e76785
doi: 10.2196/76785
PMID:

©Elizabeth Walsh, Dildar Rathore, André Geraldes, Salim Arslan, Andrew M Hanby, Rebecca Millican-Slater, Michael Drummond,
Olorunda Rotimi, Narender Kumar, Pahini Pandya, Nicolas M Orsi. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 16.Jun.2026. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2026 | vol. 15 | e76785 | p. 9https://www.researchprotocols.org/2026/1/e76785
(page number not for citation purposes)

Walsh et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1136/jcp-2022-208632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36564170&dopt=Abstract
https://www.nice.org.uk/about/what-we-do/our-programmes/nice-guidance/nice-technology-appraisal-guidance
https://www.nice.org.uk/about/what-we-do/our-programmes/nice-guidance/nice-technology-appraisal-guidance
https://qna.files.parliament.uk/qna-attachments/1417545/original/nice-health-technology-evaluations-the-manual-pdf-72286779244741.pdf
https://europepmc.org/abstract/MED/36565465
http://dx.doi.org/10.1093/jamia/ocac254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36565465&dopt=Abstract
https://www.researchprotocols.org/2026/1/e76785
http://dx.doi.org/10.2196/76785
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

