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Abstract

Translational pathology has not caught up with the quality and
quantity of translational medicine. Thus, challenges and
opportunities related to translational pathology are discussed
here. Pathologists should actively participate in reverse trans-
lational research that seeks mechanistic insights to explain
clinical findings and/or solve clinical problems. Challenges in
translational pathology include ambiguity in defining transla-
tional pathology, pathologists’ mindsets about translational
research, lack of sufficient workforce and immature publica-
tion outlets. However, with collective wisdom and support of
various stakeholders, we can expand the pool of patholo-gist
scientists, build a translational pathology community and drive
innovations in medicine through computational, molec-ular
genetic/genomic and digital pathology approaches.
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Introduction

The term translational medicine or research was not widely

used till early 2000s.! Its early use coincided with the model
changes in academic health centers and shifts in funding
priorities at the National Institutes of Health (NIH) in the

USA.2 At the time, new clinical translational science centers/
awards (CTSCs/CTSAs) were established to replace the near-ly
40-year-old general clinical research centers (also known as
GCRC). The goal of the NIH at the time was to accelerate
translating basic discoveries to clinical trials and eventually
clinical practice. Two bottlenecks of the translation process
were identified, which included the link between basic re-
search and clinical trials and the link between clinical trials and

clinical practi(:e.2 Subsequently, bench-side to bed-side
translational research was named type 1 translational re-
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search, with the latter named type 2 translational research. 3%
Since that time, the concept of reverse translational research
has emerged and focuses on translating bed-side findings into

bench-side mechanistic studies.” Examples of this in-clude
repurposing drugs, patient-driven rapid translation, studies of
drug failure and embracing variations in human responses to

drugs.S Although translational research at large has increased
exponentially in size and quality, and continues to do so,
translational pathology has not yet caught up with the quality
and quantity of translational medicine. Thus, this paper
discusses challenges and opportunities that may pro-pel future
pathologists and pathology investigators to more focus on this
largely understudied area.

Journals in translational research

Forty-five journals with “translational” in the title were iden-
tified in the Journal Citation Report® database in January

2022.% Among them, 35 were also indexed in the Scientific
Citation Index Expanded (SCI-E) with accompanying data
regarding the journals’ annual citations and Journal Impact

Factors® (JIF). This citation data shows that from inception of
the translational research concept in early 2000s, the number
of “translational” journals has expanded significantly and they
have enjoyed rapid growth in their JIF and annu-al citations
(Fig. 1). Strikingly, 8 (42%) of the 19 journals earned their JIF
in 2016 or later, suggesting continued and increased interest
in translational research. The leading jour-nals ranked by JIF
were Sci Transl Med, Clin Transl Med and Trans Res, while
those by annual citations were Sci Transl Med, Trans Psych
and J Transl Med. However, no journals were dedicated to
translational pathology or translational re-search specifically
concerning pathology. This finding is very intriguing because it
provides pathologists and pathology investigators with new
publication opportunities and repre-sents a unique need of
publication platform for translational pathology. Therefore, J
Clin Transl Pathol may help meet the need for a dedicated
translational pathology platform. The exponential growth of
other translational journals suggests that the new journal will
also thrive in the near future, but its success will depend on
support from various stakehold-ers and the team of authors,
reviewers, editors and editorial staff. Several non-exclusive
opportunities and challenges in translational pathology are
detailed below for readers’ con-sideration and to drive further
discussion.

Opportunities in translational pathology

There are four primary opportunities in translational pathol-
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Fig. 1. Changes in Journal Impact Factors and citations of selected journals focused on translational research, 2010-2022. (a) The Joumal Impact Fac-
tor® increased in more than half of the 19 selected journals focused on translational research. (b) Annual citations increased in all of the selected journals.

ogy, namely reverse translational research, molecular ge-
netic pathology, digital pathology, and machine learning
and pathology-related omic data.

Pathologists are always at the intersection of bench-side
and bed-side research. They deal with data, including clini-cal
and histological data, on a daily basis. Thus, they can and
should bridge the bench-side and bed-side research easily
through their ability to provide insights on labora-tory tests,
molecular genetic diagnostics and histological observations.
This is particularly true for reverse transla-tional research
because of three main reasons. First, labo-ratory tests/data
are mostly biochemical in nature. Second, molecular genetic
diagnostics provide both molecular and genetic insights for
pathogenesis and therapeutics. Finally, histopathological terms
by themselves are mostly based on pathogenesis. These data
and insights are novel and only available to pathologists.
Therefore, if properly equipped, all academic pathology
departments are uniquely positioned to carry out reverse
translational research. Collaborations with basic scientists in
pathology or other departments will nonetheless be required
to rigorously design and carry out mechanistic studies driven
by pathological observations.

Molecular genetic pathology has advanced significantly in
the past decades. An increasing number of new disease
entities are now based on molecular genetic alterations. This is
particularly true in hematological, bone and soft tis-sue and

urological pathology.7_9 For example, fumarate hy-dratase-
deficient renal cell carcinoma and microphthalmia transcription
factor (MITF) family translocation-associated renal cell
carcinomas are no longer part of type 2 papillary renal cell
carcinoma, according to the 2016 edition of the World Health

Organization (WHO) genitourinary tumor clas-sifications.® A
host of emerging molecular genetic/genomic markers have
also been discovered and utilized for diagnos-ing and/or

treating sarcomas, lymphomas and leukemias.’’8 One of the
most exciting developments in this area is the discovery of
pan-cancer biomarkers (also known as tumor-agnostic
markers). These include microsatellite instability , tumor
mutation burden and neurotrophic receptor kinase fusions,
each of which are rather tumor-specific and have
corresponding therapeutics (immunotherapy for the first two
markers and NTRK inhibitors for the latter). Thus, one

intriguing approach is to investigate signal pathways relat-
ed to these biomarkers and develop therapies targeted at
them individually or in combination. Pathologists may also
become more involved in the exploration of future preci-
sion medicine and immuno-oncology drug/biomarker com-
binations, as they are well-placed to lead biomarker-based
translational projects, collaborate with and invite clinical
colleagues to participate; actively participate in clinical tri-
als and guideline development. In addition, they can build
networks with other pathologists and scientists who share
the same research and clinical interests in order to share
resources, and through these efforts earn trust and recog-
nition from clinical colleagues, who have typically led the
development of clinical trials and translational research to
date.

The past decades have seen significant growth in the
generation of omic data and the number of omic-related

studies being undertaken.0 As a result, a vast amount of data
is now available in the public domain. Previous re-search
efforts have shown that machine learning (ML) can help
effectively analyze these data and provide unprece-dented

insights into pathogenesis.ll_13 Of particular interest for the
future of translational pathology, it is noteworthy that
pathology data remain important contributors to the ML

models, while other clinical data may not. 11713 This com-
bination of computational tools and pathological investiga-tion
has led to the development of the field of computational
pathology field. The field will thus expand considerably in the
near future. Indeed, one review article published in Lab Invest
on this subject has attracted more than 20,000 views within a
year of its publication, and was ranked the jour-nal’s top

viewed and cited article for the year.14 As mass cy-tometry
and other high-throughput biological technologies are

developed,15 multi-dimensional in situ understanding of
disease pathogenesis has become a reality. Proper interpre-
tation of these data is not possible without input from pa-
thologists, whose medical specialty involves understanding
cell-to-cell interaction and cell histology. Next-generation
pathologists are therefore encouraged to embrace this op-
portunity to gain insights from emerging high throughput
biological technologies, and synergistically add pathological
perspectives.
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Whole-slide imaging of glass slides has been implement-ed
in several academic pathology departments in the U.S.A. and
will become more prevalent, accessible and affordable in the

future.1® This change in pathology practice will not only
influence our daily practice, but represents a totally different
perspective on histopathology and pathogenesis at large. The
reasons for this include that it will enable us to understand
more precisely than before the relationships among various
cell types, enable us to quantitatively or semi-quantitatively
assess pathological features (e.g., ex-tent of steatosis), and
help us gain novel understanding of specific cells’ pathological
nature using ML tools. Moreover, the development of stain-
free or even tissue-free patho-logical examination will open a
new endeavor on how to interpret, analyze and predict cell
behavior and the corre-sponding clinical outcomes of the

patients those cells derive from.1” The success of digital
pathology, however, will rely on how willing pathologists’ are
to adopt these technologies and their ability to nurture
favorable attitudes towards its advancement. Digital pathology
has the potential to drive innovations in translational
pathology and research through its radical deviation from the
traditional molecular, genetic and epigenetic doctrine of
biology. ML-assisted digital pa-thology will also enable
translational pathologists to look at biological processes
through the lens of computational pathobiology and possibly
through biophysical perspectives.

Challenges in translational pathology

There are also challenges for translational pathology that
are not necessarily unique to pathology, involving collabo-
ration with, and learning from, colleagues in translational
medicine, basic sciences and clinical medicine. Instead of
acting in a vacuum or limiting research efforts to the fa-
miliar environment of the hospital laboratory, adopting a
multidisciplinary approach to future research will be likely
to yield more meaningful advances. Indeed, multidiscipli-
nary tumor board is a great venue for debate and
discussion about current problems in oncology practice. It
has thus become an important venue for pathology
research ideas. In my view, the major challenges in
translational pathology are currently the ambiguity in the
definition of translational pathology, the perception of the
pathologist’s role in trans-lational medicine, workforce
issues and a lack of appropri-ate publication outlets.

The ambiguity in the term translational pathology is
likely to derive from the fact that, by its nature, pathology
bridg-es between basic science and clinical practice.
Pathological investigators often consider their work to be
translational research because they apply basic discoveries
to clinical practice (e.g., GATA-3 as a marker for breast
and urothe-lial differentiation).” However, it can be argued
that human pathological studies mostly, if not exclusively,
are works of observational research. Thus, due to the lack
of randomiza-tion and controls, they are not regarded as
producing the same quality of clinical evidence as clinical
trials. Nor can they produce the same mechanistic insights
as animal or in vitro studies, which are able to investigate
the effects of interventions and genetic manipulations. For
example, whether and how GATA-3 is involved in the
differentiation of breast and urothelial tissue is poorly
understood.9 It is also unclear whether and how GATA-3
can be targeted as a treatment for breast and urothelial
cancers. This highlights that pathological investigator must
conduct additional stud-ies to truly “translate” their works
into clinical practice or from basic sciences.

Another challenge is the mindset of pathologists and their
perception of their own role and responsibilities in transla-
tional medicine, which are arguably more modest at pre-

sent than they could be. To address this challenge, patholo-
gists should adopt a new mindset and become more active in
translational research, as described above. In addition to
applying for extramural research funding, pathologists should
also consider cultivating collaborations with oncolo-gists
involved in sponsored clinical trials, pursuing pathol-
ogy/biomarker driven clinical trials, and even engaging di-
rectly with trial sponsors as principal investigators.

An important part of the translational research workforce is
physician scientists. However, there is currently a nation-wide
shortage of physician scientists, including pathologist scientists,
who are facing ongoing challenges such as fi-nancial burdens,
low success rates for research funding ap-plications, payment
disparity (physicians versus physician scientists) and
insufficient institutional support.18 Patholo-gist scientists are
probably the most severely impacted by these challenges, and
urgent action is needed, to assist physician scientists, with

specific measures already hav-ing been proposed.18 Indeed,
M.D.-Ph.D. graduates mostly chose internal medicine (26.1%
of all), pathology (13.6%), or pediatrics (12.9%) for their

residency training than other specialties.19 However, those
who chose pathology would report spending less time on
research activities than those chose internal medicine or

pediatrics.19 Therefore, pathol-ogy residency programs and
academic departments must collectively spearhead solutions
to increase medical gradu-ates’ interest in pathologist scientist
track and, more impor-tantly, provide support to help them
succeed in developing into the next generation of pathologist
scientists. For exam-ple, the Johns Hopkins Hospital,
Baltimore, MD has report-edly started offering a physician-
scientist research track as one of their 6 novel tracks of
pathology residency training, with some success. 20

Many pathologists do not have sufficient training to achieve
academic success, contributing to problems with the available
pathologist scientist workforce. Many aspects of becoming an
independent investigator are rarely taught or mentored during
residency or fellowship training, including Ilaboratory
management, time management, grantmanship, grant
application strategies, network building and work-life balance.
Moreover, there is a lack of training for pathologists in how to
engage, interact with and obtain funding from the healthcare
industry. These issues can leave interested and passionate
pathologist scientists burnt out, causing them to leave the
field at a young age, possibly even earlier than is the case in
other areas of physician science. Problems like these call for
actions to effectively help young pathologists fulfill their
dreams of becoming physician scientists.

As described above, there are currently no journals dedi-
cated specifically to translational pathology. One of the rea-
sons for this may be the lack of a clear definition of trans-
lational pathology, as described earlier. Moreover, many
journals actually focus on pathogenesis, but considers their
publications as translational. Furthermore, pathology is a
relatively small medical specialty, as can be seen by the fact
that JIFs of leading pathology journals are lower than those of
other medical specialties (e.g., internal medicine, cardiology
and oncology). Thus, it is likely to be more diffi-cult to attract
articles and establish a journal in translation-al pathology than
other specialties. Finally, many scholars and editors are not
convinced of the need or importance of translational pathology.
It is noteworthy that the Journal of Pathology, American
Journal of Pathology, Laboratory In-vestigation and Modern
Pathology all have published works in translational pathology,
while their main focus remains basic science. The launch of J
Clin Transl Pathol will in my view provide a welcome niche for
translational pathologists and nurture pathologists and
pathological investigators in-terested in this developing field.
It is possible that additional journals may be launched that
cover translational pathology in the future.
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Conclusions

Pathologists not only play a pivotal role in patient care, but
serve as a driving force to bridge basic science and clinical
practice. We will certainly contribute to type 1 translational
research (bedside to clinical trials) and type 2 translation-
al research (implementing research to clinical practice).
More importantly, we can and should actively participate in
reverse translational research that seeks mechanistic in-
sights to explain clinical findings and/or solve clinical prob-
lems. Reverse translational research and pathology can
efficiently and effectively transform how we understand
pathogenesis and therefore how we practice medicine. We
should be aware of the challenges involved in translation-
al pathology, including ambiguity in defining what trans-
lational pathology is, the perception of the pathologist’s
role in translational medicine, the lack of sufficient work-
force and immature publication outlets. However, through
sharing our collective wisdom and obtaining support from
various stakeholders we can expand the pool of patholo-
gist scientists, successfully build a translational pathology
community, and drive innovations in medicine through the
use of ML, molecular genetic/genomic approaches and dig-
ital pathology.
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