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The current pathology landscape is ripe for disruption, having been essentially unchanged for decades.
Today, a pathologist’'s work is largely manual, still dependent on reading glass slides under a microscope
despite the existence of digitization technologies for over a decade. We see the advent of artificial
intelligence and machine learning adding another layer of efficiency and efficacy to the case for
digitization, offering the potential for more accurate and timely diagnoses of samples with lower costs.
We estimate by 2030 the total addressable market for digital pathology will be ~$1bn, and by 2035 it
will be ~$3bn. In our note, we discuss the current pathology workflow and digitization, opportunities
for Al/ML analysis of whole-slide images, market overview, competitive landscape, and challenges for
adoption of these technologies.
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Our Healthcare team has written about the impact of Al in various sub-sectors within
Healthcare including drug discovery, diagnostic workflows, pathology and bioinformatics
applications (link, link) and while we believe Al remains a valuable tool to drive
technological development in these areas, within the Life Sciences Tools & Diagnostics
sector, we see the use of Al within digital pathology as the furthest along in terms of
practical application of this technology.

Digital pathology is the term used to denote the tools and systems in place to convert
glass slides used by a pathologist - in diagnosis of a patient’s tissue specimen - to
whole-slide images (WSls). WSIs are constructed using digital pathology scanners that
can convert the glass slides into images on a computer screen which can be viewed at
different magnifications. While WSI preparation has been in place for over ten years, the
advent of artificial intelligence (Al)-based algorithms to analyze these images with
complex methodologies has been more recent (link).

We see the current pathology landscape as ripe for disruption as the workflow has been
essentially unchanged for decades. While we see significant future potential for
Al/ML:based technologies in image analysis of WSIs, we believe the market is not yet
mature in this space. We note that the reimbursement scheme for Al algorithms in
pathology is unclear, however we model the market for digital pathology below (Exhibit
2).

Per our estimates, by 2030 the total addressable market for digital pathology will
be ~$1bn, and by 2035 it will be ~$3bn. Companies under our coverage likely to
benefit from Al in digital pathology are Guardant Health (GH), Veracyte (VCYT), and
NeoGenomics (NEO). This is due to NEO's growing WSI digital library, VCYT's
Biopharma Services business segment, and GH'’s suite of Al analytical techniques. In
our note, we discuss the current pathology workflow and digitization, opportunities for
Al/ML analysis of WSIs, market overview, competitive landscape, and challenges for
adoption of these technologies.


https://marquee.gs.com/content/research/en/reports/2021/12/08/b0047aa6-61be-4bb1-9551-13b223903308.html
https://marquee.gs.com/content/research/en/reports/2023/03/27/3411cc28-4c8e-4b9b-9028-8a56668b3046.html
https://www.spiedigitallibrary.org/journals/journal-of-medical-imaging/volume-10/issue-05/051802/Artificial-intelligence-and-digital-pathology--clinical-promise-and-deployment/10.1117/1.JMI.10.5.051802.full?SSO=1#_=_
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Per the American Board of Pathology, the origin of the word pathology is from the Greek
roots “pathos” and "logos” Pathos means disease, while logos refers to the study of
disease. Pathology is the subspecialty of medicine that utilizes specialists and tools such
as microscopes to analyze clinical specimens to generate diagnoses and treatment
plans for patients in the medical workflow. Pathologists (Exhibit 1) are trained physicians
who examine surgically removed organs, tissues, and bodily fluids such as blood. The
University of Tennessee Health Science Center, among other institutions, classifies
pathology into two primary areas - anatomic pathology and clinical pathology. Anatomic
pathology focuses on examining organs and tissues from living patients or autopsy
examination from cadavers, while clinical pathology focuses on examining bodily fluids
such as blood and urine using laboratory methods to identify the presence of disease.

Exhibit 1: Pathologist manually inspecting a specimen
-3

Source: Aarogyam Multispeciality Hospital

In the past several years, there has been growing interest in the use of artificial
intelligence (Al) and machine learning (ML) to augment the pathology workflow. The use
of Al/ML in pathology has been encouraged by healthcare administrators, policymakers,
and physicians due to several limitations that currently exist in the field, which are
discussed below in the Challenges section. In addition to a shortage of pathologists,
there is an increasing amount of data as the US population grows and healthcare
technology advances. Namely, there are everincreasing digital images, clinical records,
and patient demographic information (link). Further, the complexity of managing this
data to optimize patient care warrants the use of Al/Ml:-based techniques.

As several others have noted, the most important advantage of Al in pathology is to
reduce errors in diagnosis and classification (link). In 2016, the Camelyon Grand
Challenge, a challenge to evaluate new and existing Al algorithms for automated
detection of metastases in whole-slide images (scans of conventional glass slides to
produce digital slides) of lymph node sections, found that a convolutional neural
network-based automated approach detected 92% of tumors versus a human
pathologist who achieved only 73% sensitivity (link). This drastic difference in sensitivity
underscores the need for automated approaches in pathology, particularly given


https://www.laboratoryinvestigation.org/article/S0023-6837(22)00646-8/fulltext
https://www.laboratoryinvestigation.org/article/S0023-6837(22)00646-8/fulltext
https://arxiv.org/abs/1703.02442
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pathologist burnout and shortage. While we believe Al and ML have tremendous
potential to augment this workflow, we do not believe these technologies will replace
pathologists due to the highly complex nature of this workflow and the need for human
oversight of these methods.

Currently, several pathology laboratories in industry and academia (and select
community practices) utilize digital pathology as a means of storing and retrieving WSIs.
As mentioned, digital pathology is the term used to denote the tools and systems in
place to convert glass slides used by a pathologist to WSIs. This implies that the
Hematoxylin and Eosin (or H&E)-stained glass slides (pathology industry standard) are
scanned using a digital scanner into a computer for viewing. There are several benefits
that the digitization of a glass slide permits, namely:

®m  Ability to perform image analysis using Al/MLl:-based techniques for more accurate
diagnoses, reduced time per diagnosis, and overall pathologist efficiencies

m Viewing of pathology slides remotely
m  Storage of massive amounts of slides virtually using cloud databases

® Elimination of transportation of glass slides in healthcare settings (which can cause
slide damage and incur increased costs)

m Ease of use when generating images for research publications

In April 2017, the Philips IntelliSite Pathology Solution WSI system used for primary
diagnosis in surgical pathology became the first digital pathology solution approved by
the FDA. The FDA evaluated data from a clinical study of ~2,000 surgical pathology
cases and WSI were found to be non-inferior to glass slides. In May 2019, Leica
Biosystems, a subsidiary of Danaher and a cancer diagnostics company which also
operates in workflow solutions, received FDA 510k clearance to market its Aperio AT2
DX system for clinical diagnosis in the US. As more WSI systems garner approval from
the FDA, we believe there will be increased competition among WSI vendors to sell
these systems to customers. Additionally, in February 2024, Proscia received FDA 510k
clearance for its Concentrig AP-Dx digital pathology solution for primary diagnosis.

Per our KOL, a pathologist with a focus on ML algorithms to generate virtual
histopathology WSIs, digital pathology was historically thought to have been able to
dominate the pathology workflow across the majority of pathology settings (research,
clinical, etc.). However, that has not generally occurred and adoption has been slower
than originally anticipated. Instead, Al implementation has been broadly used in
international consultations, tumor board review, and remote pathology settings. Further,
per the KOL, Al usage in the pathology sector can be split into the research/pre-clinical
segment vs the clinical segment. There is much more Al usage in the
research/pre-clinical segment. In this pre-clinical realm, image analysis is often used to
measure features that might take too long for a human to review, or to get insights that
might be inaccessible to the human eye.

Another use case for Al is in cytology, particularly in pap smears (a routine diagnostic
procedure in which a small brush removes cells from the surface of the cervix so that
they can be checked for cervical cancer). Per the National Institutes of Health, only about
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4% of pap smears return with an abnormal result. Historically, the workflow involved
placing a patient sample on a glass slide that is visually evaluated by a cytotechnologist.
If there are abnormalities the cytechnologist will then escalate the sample to the
pathologist. Companies like Hologic developed screening tools that trained Al models to
screen pap smears - essentially obviating the cytechnologist’s role - and escalating any
abnormalities to the pathologist. In January 2024, Becton Dickinson, a large medical
technology company, and Techcyte, an Al-based digital diagnostics company, announced
a collaboration to offer a digital cervical cytology system for specifically this purpose,
and to address the shortage of expert cytotechnologists.

Market Overview

Below, we analyze the market for digital pathology in the US (Exhibit 2). We arrive at
TAM estimates of ~$1bn in 2030 and ~$3bn in 2035, with our methodology outlined
below. Per the US Bureau of Labor Statistics (link), there were 12,320 employed
pathologists across the US as of May 2022. Of these 12,320 pathologists, roughly 37%
(4,500) were employed in physician offices/community hospitals, roughly 30% (3,550)
were employed in medical and diagnostic laboratories, and the remainder employed in
universities and scientific research institutions.

Exhibit 2: Market model - Digital pathology

Market Model - Digital Pathology

US Population
Growth %

Pathologists in the US
Pathologists in Community Settings

Digital Pathology Costs in
Community Settings ($mn)

Pathologists in Medical Labs

Digital Pathology Costs in Medical
Labs ($mn)

Pathologists in Academic Settings
Digital Pathology Costs in
Academic Settings ($mn)

Total Revenue Opportunity for

Digital Pathology ($mn)
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Addressable Market (TAM)
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Source: Goldman Sachs Global Investment Research, US Bureau of Labor Statistics

29 May 2024

We arrive at an estimate of the digital pathology market size by performing a top-down
analysis. We begin with the total US population and apply an annual growth rate of
0.5%, and then narrow that value down to the number of pathologists in the US. After
segmenting the total number of pathologists in the US into three categories -
community pathologists (37% of total pathologists), medical lab pathologists (30% of
total pathologists), and academic pathologists (33% of total pathologists) - we estimate
the costs of digital pathology implementation within each setting. Per the Digital


https://news.bd.com/2024-01-30-BD,-Techcyte-Announce-Strategic-Collaboration-to-Offer-AI-Based-Digital-Cervical-Cytology-System-for-Pap-Testing
https://news.bd.com/2024-01-30-BD,-Techcyte-Announce-Strategic-Collaboration-to-Offer-AI-Based-Digital-Cervical-Cytology-System-for-Pap-Testing
https://news.bd.com/2024-01-30-BD,-Techcyte-Announce-Strategic-Collaboration-to-Offer-AI-Based-Digital-Cervical-Cytology-System-for-Pap-Testing
https://www.bls.gov/oes/current/oes291222.htm
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Pathology Association and Google Cloud, our cost estimates for implementation range
from $111K to $361K. Multiplying the percentage of pathologists within each setting by
the costs associated with that setting provides the revenue opportunity per segment,
which can then be combined to arrive at a total revenue opportunity for digital pathology.
Finally, applying a peak penetration rate that implies a ramp in commercial uptake would
lead us to a market size for digital pathology of ~$1bn in 2030, and ~$3bn in 2035.

Per Roots Analysis, a consulting and business research company, the digital pathology
market was estimated at ~$700mn in 2022 and is expected to grow at a CAGR of 8.3%
until 2035. This consulting company attributes the growth in digital pathology demand to
the rise in cancer cases as well as the rapidly aging population, which have been
consistent with consensus among physicians and other industry professionals. The
number of pathology cases the average pathologist reviews is driven by two major
factors - pathologist subspecialty (skin/gastrointestinal pathology are high-volume vs
neuro is low-volume) and practice setting (ex. academia vs private practice vs national
reference laboratory). An academic pathologist in a low-volume specialty might look at 8
cases per day with 10+ slides per case for a total of ~150 slides per day. On the other
hand, a dermatopathologist might look at 50 cases per day (or if situated in a reference
laboratory such as Quest or Labcorp then potentially up to 150 cases).

Competitive Landscape

29 May 2024

Below, we highlight key competitors in the Digital Pathology sector, as well as key
competitors developing Al analytical tools for analysis of WSIs. We note the scanning of
glass slides into WSIs by a digital pathology scanner is a necessary intermediate step
for Al algorithms to then analyze the images. Without scanning of the glass slides, Al
algorithms are unable to be employed for the purposes of patient diagnoses. Key
competitors in the digital pathology space include NeoGenomics and Proscia, while key
competitors in the Al analysis of WSI space include Guardant Health, PathAl, Tempus,
and Paige.


https://www.rootsanalysis.com/reports/ai-based-digital-pathology-market.html
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Exhibit 3: Competitive landscape of digital pathology vs WSI analysis companies
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Al Analysis of WSI Platforms

Guardant Health (GH, rated Buy)

GH, under our coverage, is a precision oncology company focused on developing liquid
biopsy diagnostic tests for cancer screening, therapy selection, and recurrence
monitoring (minimal residual disease or MRD). In January 2023, Guardant introduced
Guardant Galaxy, a suite of analytical technologies developed to enhance the
performance of GH's portfolio of cancer tests and power the next generation of
biomarker and drug discovery (link). The first application in the Guardant Galaxy suite is
an Al-backed digital pathology platform developed by Lunit, a Seoul, South Korea-based
company that develops analytical Al techniques for oncology diagnostics and
therapeutics. The platform, Lunit SCOPE PD-L1, for the enhanced Guardant360
TissueNext PD-L1 test improved cancer biomarker detection by >20% compared to
manual pathologist interpretation in the most challenging, per GH, non-small cell lung
cancer cases.

In January 2024, GH noted they are planning to launch an upgraded and expanded
version of TissueNext later this year. The upgraded version is expected to be launched in
conjunction with Smart Liquid Biopsy for Guardant360. Recall, Smart Liquid Biopsy is
GH'’s platform based on comprehensive molecular profiling whereby broad genomic and
epigenomic biomarkers are tested for all patients, rather than the current paradigm
which utilizes comprehensive genomic profiling to analyze a tube of blood. The platform
gives GH higher performance, lower costs, and new insights and has already been
incorporated into their Shield assay (screening). Further, the same month they partnered
with Hikma Pharmaceuticals to promote TissueNext, among other tests such as Shield


https://investors.guardanthealth.com/press-releases/press-releases/2023/Guardant-Health-introduces-Guardant-GalaxyTM-suite-of-advanced-AI-analytics-to-enhance-its-portfolio-of-cancer-tests-and-accelerate-biomarker-discovery/default.aspx
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and Reveal (tissue-free MRD assay), in countries across the Middle East and North

Africa (where cancer cases are estimated to double by 2040). Given the early stages of
Guardant Galaxy and immaterial revenues currently, we do not adjust our revenue
estimates at this time. However, we acknowledge that this Al analysis of WSIs is a
longerterm opportunity and await further execution before incorporating these revenues
into our estimates.

Paige (private company)

Paige, a private company founded in 2018 out of Memorial Sloan Kettering Cancer
Center in NYC, has created a cloud-based platform to digitize the pathology workflow,
and is the first company to garner FDA approval for a clinical Al application in the digital
pathology sector. Their FDA approval is for their prostate cancer suite of applications,
Paige Prostate Detect. Per Paige, their prostate suite has sensitivity of 97.7%, specificity
of 99.3%, 70% reduction in cancer detection errors, and 65.5% reduction in time to
diagnosis (link).

The company has raised upwards of $220mn in funding as of February 2024, and
partnered with Microsoft (MSFT) in September 2023 to build the world’s largest
image-based Al model for identifying cancer. Over the past two years, Paige has been
using MSFT's cloud storage and supercomputing infrastructure to build this new Al
model to identify additional cancer types that Paige could not do so on its own. The
model, known as the Pathology Foundation Model, is training on 4 million slides to
identify both common and rare cancers. In January 2024, Paige released their product
Virchow, which leverages the aforementioned model to detect cancer across >17
different tissue types including skin and lung. They note they are pursuing FDA approval
for products based on the Foundation model technology.

In March 2023, Paige partnered with Leica Biosystems. The partnership encompasses
the utilization of Paige as Leica’s preferred provider of software-as-a-service digital
pathology image management and viewing software. Leica’s most heavy-duty digital
pathology product is the Aperio GT 450 Clinical, an automated slide scanner with a slide
capacity of 450 slides, a scan speed of ~30 seconds, and a magnification of 40x. It is
built to be operated by histotechnicians for scanning, IT professionals for data
management, and pathologists for detailed image analysis. Per DHR in April 2024, Leica
recently received FDA 510k clearance for their Aperio GT 450 scanner.

PathAl (private company)

PathAl, a private company founded in 2016 with $355mn in funding (per AlphaSense as
of February 2024), leverages Al-focused technology for precision pathology solutions.
Their Al product menu features products spanning across oncology, NASH (non-alcoholic
steatohepatitis, also known as fatty liver disease), and inflammatory bowel disease. For
oncology, their PathExplore panel characterizes the tumor microenvironment with
single-cell resolution, and features pixel-level analysis of H&E-stained \WSIs in addition to
human interpretable features (metrics that allow the pathologist or the human reading
the data to easily analyze the tumor microenvironment) (Exhibit 4).


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8920429/
https://www.nature.com/articles/s41379-021-00794-x

For the exclusive use of TLEYDA@SPIREPOINTPC.COM

Goldman Sachs

Americas Life Sciences Tools & Diagnostics

Exhibit 4: Human interpretable features by PathAl’s technology include cell classification and quantification

Cell & Tissue Overlays
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Source: PathAl company website
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As of May 2024, Quest Diagnostics, a major reference laboratory that specializes in
different types of diagnostic testing, announced they will be acquiring PathAl's
diagnostics assets. Under the agreement, DGX will acquire select assets of PathAl
Diagnostics, the business of PathAl that provides anatomic and digital pathology lab
services. The transaction is expected to conclude in 2Q24. While DGX's share price was
essentially unchanged (-0.5% the day of the announcement), we see this collaboration
as a significant development for the digital pathology industry. DGX has ~400
pathologists serving health systems within the US over recent years.

In April 2023, PathAl partnered with Agilent to give biopharma organizations a solution
that combines Agilent’s assay development expertise with PathAl’s algorithm
development capabilities in the form of a companion diagnostic test (CDx). A CDx assay
is a medical diagnostic test that assesses a patient’s likelihood of responding to a
particular therapy. Agilent also announced a multiyear global distribution agreement with
PathAl to distribute their AlSight platform to anatomic pathology laboratories and noted
they may pursue additional commercialization of algorithms PathAl launches in the
future. We see this partnership as another indicator of large Life Science Tools
companies’ interest in the digital pathology sector (see aforementioned regarding DHR
and Paige), and while the digital pathology sector is relatively nascent, it could evolve
into a more compelling investment opportunity in the longer term. Further, in October
2021, PathAl announced a collaboration with Roche to develop an embedded image
analysis workflow for pathologists. The partnership enables PathAl image analysis
algorithms to be accessed within ROG's cloud version of its enterprise software.

Tempus (private company)

Tempus is a private company founded in 2015, with $1.3bn in funding (per AlphaSense
as of 4/24/24), that uses Al broadly for precision medicine. While it is involved in many
aspects of the healthcare continuum, its test Tempus Pixel is its digital pathology
platform that uses algorithms to analyze whole-slide images to help identify potential
therapeutic options for patients. The company is currently primarily focused on



For the exclusive use of TLEYDA@SPIREPOINTPC.COM

Goldman Sachs

Americas Life Sciences Tools & Diagnostics

29 May 2024

leveraging Al algorithms for analysis of radiological images in organ systems such as
pulmonary and cardiothoracic, however it is also invested in Al algorithms for molecular
biomarker prediction. These algorithms are in development to use WSIs to predict
biomarkers or guide pathologist review for DNA alterations such as FGFR, RNA
expressions, genomic signatures, and spatial analysis. In oncology, the company noted,
50% of all academic medical centers in the US are connected to Tempus.

Indica Labs (private company)

Indica Labs, headquartered in New Mexico, is a private company that is generating
~$10mn in revenues (per AlphaSense as of 5/21/24), and focuses on developing
Al-powered digital pathology software and services. Their flagship HALO platform
guantitatively evaluates WSIs and has been featured in over 1K peerreviewed
publications to date. Novel features of the HALO image analysis platform include heat
map functionality to explore the density of immune cells surrounding a tumor and
annotation tools to measure distances or take snapshots. As of May 2024, their HALO
AP Dx Digital Pathology platform received FDA 510k approval for primary diagnosis.
HALO AP is an enterprise digital pathology platform that will still be offered for RUO
applications and now for primary diagnosis. It is FDA approved to be used along with the
Hamamatsu NanoZoomer slide scanner in the US.

Digital Pathology Platforms

NeoGenomics (NEO, rated Buy)

NEO, under our coverage, is an oncology diagnostic and pharmaceutical services
company that offers clinical testing services such as cytogenetics and flow cytometry, in
addition to advanced diagnostics tests such as MRD. NeoPixel is where NEO's Al focus
is integral to the technology. NeoPixel uses NEO's growing library of whole-slide images
to identify therapeutic targets, patient selection, and dosing strategies. They have over 2
million patient sample slides that are scanned images and are growing this digital image
repository by ~600k scanned slides per year. While NeoPixel has shown strong growth,
we do not believe the test is generating significant revenues at this time, and as a result
we do not adjust our revenue estimates at this time. However, we acknowledge that
this digital pathology database of WSIs is a longerterm opportunity and anticipate the
next step for NEO will be to implement Al analysis of these WSIs to provide
sophisticated insights into patient diagnoses.

Veracyte (VCYT, rated Buy)

VCYT, under our coverage, is an oncology diagnostics company which has a Biopharma
Services business representing ~10% of revenues that helps inform Biopharma
customers that utilize VCYT's biorepository data to help identify clinically relevant
biomarkers, inform clinical trial patient selection, and identify companion diagnostic
opportunities. Further, through this segment VCYT offers immunohistochemical assays
combined with digital pathology analysis of the entire FFPE slide to provide novel
insights into the tumor microenvironment. VCYT also uses an Immunoscore technology
for quantitative analysis of certain cell types in the tumor core and invasive margin on
resected tissue sections using digital pathology analysis. While the Biopharma Services

10
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business is a very small segment of the company’s overall revenues, VCYT also has its
powerful tool Biopharma Atlas, a comprehensive cancer reference database which
includes H&E pathology and multi-omic and clinical data. At this time, we do not adjust
VCYT revenue estimates given the Biopharma Services segment is low at <10% of
overall revenues, and we note their digital pathology technology is still in early stages
and is a very minor part of their current business.

Proscia (private company)

Proscia was founded in 2014 out of Johns Hopkins University and has built a digital
pathology platform called Concentrig, which integrates with major whole-slide image
scanners, LIS (laboratory information system) systems, and computational applications.
As of June 2022, the company had $72mn in funding. In February 2024, Proscia
received FDA 510k clearance for its Concentrig AP-Dx digital pathology solution, which is
designed to be used in a myriad of clinical settings from individual reference laboratories
to large hospital systems.

Proscia also conducted a digital pathology adoption survey, asking 40 senior executives
at the top 150 pharma companies and leading CROs (contract research organizations)
about their use of digital pathology and its impacts. Notably, 83% of survey respondents
believe that switching over to digital pathology results in streamlined collaboration and
improved operations, and 80% of respondents believe that digital pathology can get
new therapeutics to market faster (given that the average drug takes 10 to 15 years and
costs $2.6bn to introduce) (Exhibit 5). We see these results as further validation that
digital pathology has transformed the pathology workflow and contributed to further
advancements in diagnostic and therapeutic capabilities.

Exhibit 5: Why organizations invest in digital pathology

83y
O%

Improve collaboration and operations
Get new drugs to market faster

Align with other functional areas that are digital

73%
8%

Reduce costs

D\|

Create new data assets for research

Attract better talent

Source: Proscia 2023 Life Sciences Digital Pathology Adoption Survey

Regulatory Environment

The current state of regulation of Al technology is relatively nascent. The Clinical
Laboratory Improvement Amendments of 1988 (CLIA) has requirements for the use of
Al in pathology. Under CLIA, Al algorithms are only allowed to be utilized in labs prior to

29 May 2024 n


https://www.sciencedirect.com/science/article/pii/S2211383522000521?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211383522000521?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2211383522000521?via%3Dihub
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Challenges

validation and implementation (changing test features is usually not allowed after
validation and implementation without revalidation) (link). Further, the American Medical
Association (AMA) has provided its inputs into the role of Al in healthcare, promoting
interaction of physicians with the FDA while underscoring patient privacy and
confidentiality issues (link).

Another matter at hand when considering the environment of Al in pathology is that of
medical malpractice liability. Al holds promise for improving diagnosis and treatment,
reducing medical error rates, and preventing unnecessary care. However, there remains
a concern that Al could suggest options that differ from standard of care, introducing
risk for physicians when diagnosing or treating a patient (link).

One group at University of California San Diego has argued for an “outcome-centric”
regulatory strategy for Al rather than a “process-centric” one, the difference being that
the process-centric regulations mandate compliance with specific procedures while the
outcome-centric regulations require the demonstration of products having their intended
clinical impact (link). They call for foregoing the iterative study phase design typical of
drug trials, noting that a move toward outcome-centric regulation can support
regulations for Al without mitigating the pace of innovation. This would enable
regulators to measure the effectiveness of the technology by prioritizing patient
outcomes (ex. number of patients accurately screened for cancer) rather than focusing
on the complexity of the algorithms.
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We see several challenges that must likely be overcome before Al/ML algorithms are
able to be employed and reimbursed successfully. Per Zarella et al. (2023), challenges to
adoption of Al in pathology practices include uncertainty about development, clinical
validation, and deployment of algorithms; and limited regulation and standardization. As
of January 2023, new CPT codes for glass slide digitization have been introduced per
the American Medical Association (link). However, we still see reimbursement by payers
for Al algorithms as a longerterm opportunity.

Al-enabled workflows generally have capabilities that include (link):

m Detection algorithms: identification of abnormal regions such as tumor tissue,
biomarkers, and inflammatory regions

® Characterization algorithms: histopathologic stratification and patient diagnoses

® Quantification algorithms: mitotic counts (a measure of the speed of cancer cell
growth), percentage of tissue with specific features, and inflammation scoring

® Prediction algorithms: disease outcome and treatment response

Sensitivity and specificity
As opposed to certain other sectors/industries where there is a clear well-defined
benchmark of sensitivity/specificity for testing, with Al algorithms used to screen


https://meridian.allenpress.com/aplm/article/143/10/1175/420703/Regulating-Artificial-Intelligence-for-a
https://meridian.allenpress.com/aplm/article/143/10/1175/420703/Regulating-Artificial-Intelligence-for-a
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8452365/
https://jamanetwork.com/journals/jama/fullarticle/2814610?guestAccessKey=f12435f3-da8b-4172-bdae-622d6cc28414&utm_source=silverchair&utm_medium=email&utm_campaign=article_alert-jama&utm_content=olf&utm_term=012924&adv=
https://www.spiedigitallibrary.org/journals/journal-of-medical-imaging/volume-10/issue-05/051802/Artificial-intelligence-and-digital-pathology--clinical-promise-and-deployment/10.1117/1.JMI.10.5.051802.full?SSO=1#_=_
https://www.ama-assn.org/system/files/may-2022-cpt-summary-panel-actions.pdf
https://www.spiedigitallibrary.org/journals/journal-of-medical-imaging/volume-10/issue-05/051802/Artificial-intelligence-and-digital-pathology--clinical-promise-and-deployment/10.1117/1.JMI.10.5.051802.full#r9
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whole-slide images there is a lack of consensus on benchmark sensitivity/specificity. It
essentially depends on the use case. Generally, a pathologist’s approach to reviewing a
slide often takes into account the majority of the slide however not 100% of it. The
pathologist is generally trying to reach a point in time when they are confident what the
patient’s diagnosis is.

In the field of pathology, false negatives generally carry more severe consequences for
patients than do false positives. If an Al algorithm designates a slide as disease-positive,
then the next step is the escalation of that slide to a human pathologist reader, who will
usually realize that the slide is not representative of a disease-positive case, and will
designate the slide as disease-negative. Consequently, a false positive result is not
necessarily harmful. On the other hand, a false negative result can have negative
consequences for the patient who will assume no disease risk. Ideally a test will have
perfect sensitivity as well as specificity, however in practice the balance between the
two metrics is challenging to achieve.

Initial costs of implementation

All digital pathology uses require scanners (Exhibit 6), whether they are brightfield or
fluorescent or high-throughput. The largest expense for digital pathology is a scanner. A
high-throughput, large, brightfield scanner costs roughly $300k (GT450 from Leica which
is FDA cleared) (link). These systems could be found at a large academic center or
national reference laboratory, however would not be found at a smaller community
practice. These larger systems are typically compatible with Al approaches, while the
smaller scanners that may cost as little as $10k would often not be, and would be much
slower and have lower quality.

Exhibit 6: Digital Pathology slide scanner
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Source: University of Wisconsin Department of Pathology

The next largest expense is data storage as digital pathology images can range in size
from small to very large. One KOL noted that around five years ago pre-pandemic, 5
terabytes of storage was a baseline of $35k plus $135k per terabyte per quarter. Now,
he believes, the costs are higher.

m  Hardware: currently, a single high-capacity with >100 slides whole slide scanner


https://www.sciencedirect.com/science/article/pii/S2153353922001390
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ranges from $100k to $400k.

m Software: software accompanying the whole slide scanner explains the price
disparity; some scanners are accompanied only by minimal software whereas others
are bundled with elaborate software platforms. Integration of image management
systems with an EMR or LIS system is very important for operational efficiency.

m Displays: modern 3-4-megapixel display is adequate; however, for primary
diagnosis, medical-grade displays which provide higher resolutions (4-8 megapixels),
contrast ratios, and color stability are preferred. Price range for medical-grade
displays is wide - ranging from $5.5k to $14.5k.

® IT infrastructure: after the whole-slide scanner converts the glass slide into a digital
image, it will transfer the images to a pathology application or server, which will
store the image on a high-performance storage system. Pricing of the IT system will
vary greatly depending on factors such as number of months of online data storage
needed, server hardware characteristics, and whether a full backup of all image data
is needed. For example, a simple nonredundant system with three months of online
data storage lacking an archive that produces 250k slides/year will cost ~$90k.

® Labor: scanning technicians who load slides into the digital pathology scanner and
perform quality assurance checks on the scanning process. Per the Digital Pathology
Association, there should be between 0.3 and 1 full-time employees staffed per
whole-slide scanner.

Reimbursement

While TAM s a critical metric when analyzing an industry, a discussion of the
opportunity of Al within pathology (or any healthcare vertical) would be incomplete
without mentioning reimbursement of these technologies by payers. The amount of
time Al algorithms save a pathologist in routine day-to-day tasks can vary by use case.
Workflow can be a limiting factor in slide analysis and Al can help save a significant
amount of time with regard to this. However, payers might push back on reimbursement
to the extent that time savings prompt a reconsideration of the reimbursement levels.
For this reason, there is a large focus on the pre-clinical market (which is associated with
direct client billing).

As of January 1, 2024, CAP (College of American Pathologists) worked with the AMA
CPT Editorial panel to establish 30 new digital pathology add-on codes (link). The new
codes will help pathologists and laboratories providing digital pathology services
appropriately report these services. However, no payment rate is associated with the
codes, and per the Digital Pathology Association it remains unclear how CMS and other
payers perceive these codes. These newly added codes are Category 3 codes, which
are temporary codes for new and developing technology, procedures, and services.
Notably, they do not meet the criteria for Category 1 codes. Below are the differences in
criteria for the two categories, per the AMA (link).

Specific Category 3 code criteria (emerging technology):

Procedure/service is performed in humans AND at least one of the following:


https://www.cap.org/advocacy/payments-for-pathology-services/digital-pathology-codes
https://www.ama-assn.org/practice-management/cpt/criteria-cpt-category-i-and-category-iii-codes
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Outlook

®  Supported by at least one CPT advisor
m  Use supported by peer reviewed literature
B There is at least one IRB-approved protocol of a study being performed

B There is a description of a current and ongoing US trial outlining procedure/service
efficacy

m  Other evidence of evolving clinical utilization
Specific Category 1 code criteria (all must be met):

m  FDA approved when required for performance

m  Performed by many physicians or other HCPs across US

m  Perofemd with frequency consistent with intended clinical use

m Consistent with current medical practice

B Documented in literature

While pathology community efforts have focused on the goal of converting the Category

3 slide digitization codes to Category 1 codes to obtain reimbursement for digitization,
CMS and AMA have not always been aligned on coding/reimbursement.
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While there are still certain barriers to adoption of digital pathology, as mentioned
throughout this note, we see several potential opportunities for digital pathology
companies to differentiate themselves and bolster the market landscape. While the
growth of this market and increased funding/reimbursement of these technologies will
take time, we view this sector as a significant investment opportunity longerterm. We
discussed above challenges inherent in the digital pathology space including: 1) lack of
consensus around benchmark sensitivity/specificity for Al algorithms in the analysis of
WSIs, 2) high initial costs of implementation (potentially up to $1mn), and 3) limited
reimbursement for digital pathology utilization.

One trend we see changing in the near future is the transition from using digital slide
scanners to retrospectively scan and archive slides to using digital pathology for primary
diagnosis. A prominent newsletter in the diagnostics industry previously discussed how
the Covid pandemic significantly altered many pathology workflows across health
systems in the US (link). It mentions how while large forprofit reference labs as well as
academic medical centers have moved fastest in implementing digital pathology,
community hospitals have lagged on this front, citing large upfront costs in
implementation of digital pathology.

We believe while digital pathology has shown much opportunity for improvement upon
current pathology workflows, due to the regulatory/reimbursement hurdles and relative
nascency of the sector, it will take time for full adoption of Al algorithms among health
systems and community practices. In general, larger public companies such as Guardant
Health, Veracyte, and NeoGenomics have the resources to scale their digital


https://www.360dx.com/clinical-lab-management/digital-pathology-use-labs-growing-barriers-adoption-remain
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pathology/Al analysis businesses more rapidly due to their established customer base
and reputation as industry leaders in the pathology/oncology space. However, private
companies such as Paige and PathAl are becoming more prominent at the forefront of
innovation in the digital pathology sector. Through partnerships and deals with larger
companies (ex. PathAl’s announced sale of digital pathology diagnostic assets to Quest
Diagnostics in May 2024), we believe these private companies will play a significant role
in advancing technological transformation of the sector.

Price Target Risks and Methodology
We are Buy rated on GH. Our 12-month price target of $28 is based on 4x Q5-8 sales.

Key downside risks: Some competitors have well-established businesses as well as
more accurate stool-based DNA tests, all of which present a challenging competitive
environment. In addition to the screening tests which require a very high amount of
predictive ability and accuracy that could be a potential scientific hurdle, the significant
sales & marketing infrastructure investment for a smooth commercial execution of
selling cancer screening tests to PCPs for asymptomatic individuals is also a potential
risk.

We are Buy rated on NEO. Our 12-month price target of $19 is based on 3.5x Q5-Q8
sales.

Key risks: Market competition: NEO participates in highly competitive markets with high
volume clinical reference labs on one side (LH and DGX) and niche specialized labs on
the other (such as GH, EXAS, VCYT). While NEO’s middle market position is strong, it
could be threatened by encroachment by these players on either side of the market.
Scientific hurdles: We believe there remain significant physiological and scientific
challenges to LBx that will need to be overcome to further expand accuracy and use
cases. We look forward to the future advancement of R&D which will further improve
these tests' performance and applicability.

We are Buy rated on VCYT. Our 12-month price target is $28. We use EV/Sales of 4x on
Q5-Q8 sales estimates.

Key risks: Market competition: VCYT participates in highly competitive markets with
clinical reference labs (LH and DGX) and specialized labs (GH, EXAS, MYGN). While
VCYT's market position is strong, it could be threatened by encroachment by these
players on either side of the market. Scientific hurdles: We believe there still remain
significant physiological and scientific challenges to increase molecular diagnostic
accuracy that will need to be overcome to further expand accuracy and use cases. We
look forward to the future advancement of R&D which will further improve these tests’
performance and applicability.
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