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This manuscript is an adaptation of the closing keynote presentation of the Digital
Pathology Association Pathology Visions Conference 2015 in Boston, MA, USA. In this
presentation, analogies are drawn between the adoption of whole slide imaging (VWSI)
and other mainstream digital technologies, including digital music and books. In doing so,
it is revealed that the adoption of seemingly similar digital technologies does not follow
the same adoption profiles and that understanding the unique aspects of value for each
customer segment is critical. Finally, a call to action is given to academia and industry to
study the value that WSI brings to the global healthcare community.
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INTRODUCTION

The World Health Organization cites that there were
14 million new cases of cancer in 2012, making it among
the leading causes of death globally.!! The number of
new cancer cases is expected to grow by 70% over the
next two decades, further stressing the global healthcare
systems.) Among those who will first feel the impact of
this crisis will be providers who are making the initial
determination of cancer, namely, anatomic pathologists.

Despite being a critical member of cancer care
team (Le., surgeons, oncologists, and pathologists), a
pathologist has historically been underrepresented in the
minds of patients as they go from diagnosis to treatment.
Fortunately, this is beginning to change. In 2015, three
mainstream media stories put the surgical pathologist
directly in the spotlight. In March, television and print
media reported on a landmark study published in JAMA
citing the complexity associated with differentiating
ductal carcinoma in situ from atypical ductal hyperplasia
of breast biopsies, even among experts.”) The New York
Times, citing an editorial, stated, “the study should be a
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call to action for pathologists and breast cancer scientists
to improve the accuracy of biopsy readings, by consulting
with one another more often on challenging cases.”!
One month later, actress Rita Wilson went public with
her breast cancer fight, speaking about the importance
of the pathologist and second opinions in her diagnostic
journey.”! Finally, the Institute of Medicine released a
report on diagnostic error stating that “every person will
experience at least one significant diagnostic error in
their lifetime.”®l Collectively, these stories suggest that
the national attention to diagnostic error in cancer care
Is growing.
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INNOVATION BEYOND
PROOF-OF-CONCEPT

Despite the increasing demands on surgical pathology
and growing public pressure to improve diagnostic
accuracy and turnaround times, the technology available
to the surgical pathologist has not changed substantially
for hundreds of years. This is simply not sustainable. The
need for 21 century tools to improve efficiencies and
diagnostic accuracy is clearer than ever.

Industry plays a critical role in delivering on the promise
of all relevant medical technologices, including digital
pathology. It is the collective industry’s responsibility to
take “proof-of-concept inventions” and develop them
to be safe, effective, reliable, affordable, practical, and
most importantly, useful. This is no small task, and there
is deep and broad innovation in all aspects of device
development. In addition, industry must adhere to strict
compliance directives throughout the process while at the
same time paying close attention to the value equation
so that the products are ultimately adopted by intended
users. Above all, in the early stages of innovation, industry
must invest on mere faith that a market will develop. If a
market fails, industry will bear the majority of sunk costs.
If a market succeeds, the benefits extend far beyond the
company to the healthcare providers and ultimately the
patients they serve. This is why the risk is so worth it
for many of us who chose industry over academia and
government sectors. Success or failure of all medical
breakthroughs lies squarely at the feet of industry. It is a
responsibility we should not take lightly.

Given the extraordinary role that industry plays in the
realization of novel technologies, it is reasonable to
ask how long will adoption take. This is probably the
most frequently asked question by investors. It seems
intuitively obvious that in an era of digital “everything”
digital pathology adoption is a no brainer. Indeed this
is what i thought when 1 publicly stated that adoption
would be fast at the 2007 College or American Pathology
Foundation Futurescape meeting. However, now, after
being in digital pathology for over 10 years, I wonder if 1
need to reassess this thesis.

ADOPTION OF DIGITALTECHNOLOGIES
IN OTHER MARKETS

Before examining digital pathology, perhaps we should
examine other markets to glean insights about the
adoption of innovative digital technologies. First, not
all investments in digital technology are success stories.
How many of us are zipping around town on Segways,
navigating with Google Glasses, or talking into our
iWatches? Clearly heavy investment in digital technology
is not a predictor of mainstream adoption. The most
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notable dichotomy of digital adoption is that of digital
music and digital books. At face value, digital books and
digital music share much in common. They both target
consumers and face minimal regulatory constraints.
From a technology perspective, the associated devices
are handheld and can link to online stores to access vast
amounts of content. Content is fairly inexpensive and
can be downloaded very quickly. The value propositions
for digital music and digital books are very similar as well.
First and foremost is the simple portability of both types
of digital media. You can have your entire music library in
your pocket as casily as you can have magazines, novels,
and textbooks all in your purse or briefcase at once.
Workflow and usability of these two media are almost
identical.

Despite  similarities in  the technology and value
propositions of digital books and digital music, their
rates of adoption are very different. The first release of
digital music players (i.c., the MP3 player) was in 1998
and the first iPod and iTunes were in 2001. iTunes was
launched the same year. In 2005, the adoption of digital
music in the United States was 10% and reached 40% by
2008.7 Thus, depending on when we consider the start
of true adoption, the MP3 player, or the iPod/i'Tunes, the
adoption is about 10-40% at 7 years postlaunch. Since
most people would agree that the adoption of digital
music was very fast, we can use this as a reference point
for what we consider “fast adoption.”

The first digital book was launched in 1998 with the
release of the Rocket Book.!""! The Kindle was released in
2007. Twvelve years after the release of the Rocket Book, the
adoption of digital books was only 1.3%. In 2014, 7 years
after the Kindle launch, the adoption was <5%.1'" The
adoption numbers are normalized to the total recorded
music or printed books, thus the relative size of cach
market is not a factor. Put simply, there is nearly an order
of magnitude difference in the adoption rates of these
two seemingly similar technologies.

What we can learn from this is that digital for digital’s
sake is not a value proposition. Likewise, “workflow”
and “efficiency” are not, in and of themselves, value
propositions. They are more accurately “categories” of
value propositions. True value propositions must be
thought of at a much more granular level, taking into
consideration the psychology of the user and absolute
true problem being solved as well as the quantitative
outcomes. What worked for one digital modality may not
hold for another seemingly similar use case. While the
reasons for the slower adoption of digital books versus
digital music are debatable, we have to ask how much
value do we gain by having print media in a digital format
versus music media in a digital format? The granular use
cases for music are different than print media. A person
can listen to ten songs in 30 min, but can only read a
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fraction of a book in the same time. Thus, do we really
need to carry all of our books and printed magazines
around with us all the time? Put simply, the value may
not be there for the portability of printed material in the
same way it exists for music. This is not to say that there
is no value. Certainly there are use cases for digital print
media and adoption is occurring, just not at the rate one
might expect if based on digital music. Perhaps there is
different value for books which has not been tapped into
yet or perhaps the value will never be there in the same
way as music. More important to consider is whether
there are new ancillary components that can be added to
digital print media such as annotating or sharing excerpts
to social media sites that will increase the value of print
media being digital.

ADOPTION OF DIGITAL PATHOLOGY

Moreover, it goes for digital pathology. We have been
guilty of comparing the potential adoption of digital
pathology to that of digital radiology."*") We should not
do this. The value of digital pathology is unique and lies in
the granularity of the unique problems pathologists, and
healthcare institutions are facing in relation to pathology
services. As with digital books, adoption is certainly
occurring. Long gone are the days of having to convince
the pathology community that reading digital images is
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going to be a reality.!"! There is too much demand for
services and not enough supply to keep up — across all
global geographies. Diagnosis is getting more complex
and sharing cases is more important than ever. The
public is watching and learning. Ience, it is not “if” but
“when”... When, when, when. Seriously ... when?!

Industry members who have been in the space long
enough can feel adoption happening. Yet, it likely feels
sluggish. If we map this feeling to the Gartner—Hype
Cycle, we could be somewhere along the continuum
of “peak of inflated expectations” and the “trough
of disillusionment.”™ This is because we are sceing
some success stories, for example, in teaching, remote
consultations, and tumor boards [Table 1]. However,
we also know that some value has not yet been fully
substantiated in clinical practice settings [Table 1]. To be
fair, there are reasons beyond the value equation for the
slow growth, namely, laboratory reimbursement cuts and
the Food and Drug Administration’s (FDA’s) decision
to classify whole slide image (WSI)-based primary
diagnosis as a high-risk Class III device."® Interestingly in
countries outside the US, where these factors are not as
relevant, adoption has also not been fast for high volume
use cases such as primary diagnosis. It is possible that the
FDA's classification has also cast a shadow on adoption
outside the US. It is worth mentioning that recent and
significant progress has been made by the FDA toward

Table I:Literature substantiating whole slide imaging value

Use case

Assumed value
proposition

Value substantiated
in literature*

Reference

Remote consultation/QA

Remote intra-operative
consultation

Multidisciplinary tumor board

Teaching

Primary Dx

Automated image analysis/
quantitation

Efficiency/improve TAT/patient
scheduling improvement
Reduce overall costs
Satisfaction

Efficiency/improve TAT/patient
scheduling improvement
Reduce overall costs
Satisfaction

Efficiency/improve TAT/patient
scheduling improvement
Reduce overall costs
Satisfaction

Efficiency

Reduce overall costs
Satisfaction

Efficiency

Reduce overall costs
Satisfaction

Efficiency

Reduced costs

TAT

Improved patient outcome

No

No

Yes Lopez, Hum Pathol 2009; Graham, Hum
Pathol 2009

Yes Evans et al., Semin Diagn Pathol, 2009

No

No

Yes Thorstenson et al.,] Pathol Inform 2014

No

Yes Thorstenson et al.,] Pathol Inform 2014

Yes Pantanowitz, ] Pathol Inform 2001 (review)

Yes Pantanowitz, ] Pathol Inform 2001 (review)

Yes Pantanowitz, ] Pathol Inform 2001 (review)

Yes Vodovnik A, ] Pathol Inform 2016

No

No

No

No

No

No

*Value demonstrated with WSI clinical workflow. Proof of concept using tissue micro arrays were not considered “substantiated” value in clinical practice. WSI:Whole slide image,
TAT:Turnaround time, QA: Quality assurance
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potential down classification in the US.'" Nonetheless,
demonstrating value for using digital pathology for
primary diagnosis has been difficult to achieve and user
sentiments seem to agree."s However, fully implemented
WHSI at an enterprise level is expected to give great value
in efficiency, cost savings, and patient outcomes.!"” Such
studies are likely underway.

COST AND THE VALUE EQUATION

Before delving into how we can prove value, we must
consider the cost side of the equation. Value is generally
defined as the perceived benefit minus the cost. Thus,
cost is a critical component of value. Unlike radiology,
which benefited from the removal of film costs to help
offset the cost of adopting digital radiography systems,
digital pathology cannot dispense with the glass slide.™!
Further, there are several sources of cost to implement
digital pathology including the WSI systems (scanners
and software), staff to operate the systems, I'T resources
for installation and maintenance, as well as on-going
service costs. Since there is currently no additional
reimbursement for WSI, beyond minimal remuneration
for image analysis of breast markers (CPT 88361), there is
no doubt that the cost to implement WSI is substantial.
Thus, the benefits must be substantiated in a meaningful
way.

PROVING VALUEWITH UTILITY STUDIES

The good news is that our next phase is going to be
the “slope of enlightenment,” where we learn, reinvest,
and value crystallizes. In this phase, we begin to sce
large-scale enterprise enrollments with much-anticipated
case studies. During this critical phase, we must look
deeply at the benefits side of the value equation and ask
if we are designing studies to prove we are hitting the
mark.

Unfortunately, value studies in digital pathology have
been eclusive. On the other hand, there are many
validation studies in the literature.?!? Validation studies
are important to demonstrate safety and effectiveness,
and those studies that are truly novel and advance
the science beyond our current understanding should
continue to be published. For example, large multisite
studies or deep examinations of unstudied tissue types,
stain types or complex diagnoses are still worthy of
scientific study. The numbers of such studies continue to
grow. In contrast, we have not seen many, if any, utility
studies in the literature.

Utility studies demonstrate value in a controlled and
quantitative manner. The endpoints in such studies
could be turmaround time, cost, time saved, physician
and patient satisfaction, time to recurrence, stratification,
and response to treatment, accuracy, and survival. There
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are some studies in the literature that anecdotally (not
quantitatively)  show value for teaching, remote
consultation, and tumor boards [Table 1]. However,
there are almost no studies demonstrating the utility
of primary diagnosis or of image-based automated
algorithms. The latter of which has been touted as
having the most potential value in digital pathology. One
study has demonstrated the value of Her2 automated
image analysis (Her2-Connect, Visiopharm, Denmark) as
reducing the need for FISH testing by 68%.1%! This is an
excellent example of a study that measured quantitative
value. Recently Vodovnik demonstrated a time savings
using WSI for routine primary reads.? In addition,
this study demonstrated qualitative improvements in
ergonomics, and physical slide handling. It should be
noted that a fully integrated laboratory information
management system (LIS) was available for this study,
which may have contributed to their results. Nonetheless,
reports such as these are beginning to quantify true value,
which is required to offset the costs of implementation.

Industry and academia neced to collaborate on more
value studies where utility endpoints are presented.
We see such utility studies in radiology. One study, the
National Lung Screening Trial, went beyond validation
to associate the low-dose computed tomography to a
20% reduction in lung-cancer mortality.!””! This method
is an example of not only innovative preventative
care, but also one that is cost effective and worth
continued research efforts. This must be done in our
industry now.

CONCLUSION

Industry has an important role to play in bringing
novel innovations to the public. Although the timing
of adoption of digital pathology is nearly impossible to
predict, there are signs that this technology is on track
for true and sustainable growth. Value studies are a key
catalyst in igniting the next phase of adoption.

Finally, we cannot forget about the important role of
investors, boards of directors, and senior management of
many digital pathology companies. They have taken the
risk to invest in new technologies that will improve global
healthcare, and they have kept the faith that the delivery
of 2I** century tools into pathology will improve patients’
lives. As Thomas Edison said, “If we did all the things we
are capable of, we would literally astound ourselves.” We
have an obligation to demonstrate to the greater world
beyond our own audience what we all know to be true:
There is great value in digital pathology. We just need to
prove it.
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