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/Delivery of high-quality health care depends on accurate and
timely diagnosis [1]. In cancer care, diagnostic tests are critical
for developing treatment plans and also to inform prognosis,
prediction, and assessment of treatment response, disease
progression, and recurrence [1, 2]. Pathologists are essential
physicians on the oncology care team because they have spe-
cialized knowledge to inform diagnostic test selection, perfor-
mance, and interpretation, as well as communication of results
and the implications for subsequent care decisions.

Drawing on discussions at a workshop hosted by the
National Cancer Policy Forum [3], we review current chal-
lenges in pathology and outline practical steps to facilitate
high-quality cancer diagnosis and care through improved
patient access to expertise in oncologic pathology.

CHALLENGES

The development of more sophisticated approaches to diagnos-
tic testing and the growth in precision therapies are trans-
forming cancer diagnosis and care [4, 5]. In the traditional
paradigm of pathology testing, a clinician orders diagnostic test-
ing, a clinical laboratory/pathologist performs the ordered tests
and returns results, and an individual clinician collates and inter-
prets the information [6]. Now, however, there is an increasingly
large, complex, and rapidly expanding menu of diagnostic test-
ing options for clinicians to consider, with few evidence-based
guidelines and limited clinical decision support (CDS) to help
with test selection and interpretation. For example, for lung
cancer, several molecular, cytogenetic, and immunohistochemi-
cal tests serve as companion diagnostics for various targeted
therapies. Laboratories have a variety of platform options for a
particular test and might apply different outputs and cutoffs for
interpretation of results as positive or actionable. Test selection

may also vary by histologic subtype, stage of disease, and
response to conventional therapy.

Furthermore, complex diagnostic tests generally do not pro-
vide yes-or-no or discrete numerical results and may have
widely accepted reference ranges and thresholds for interpre-
tation. Thus, expert interpretation is essential to inform clinical
decisions. New cancer prevention strategies also require knowl-
edge about which cancer detection tests, alone or in combina-
tion with primary prevention strategies such as vaccines, are
best utilized at which age and how to follow up abnormal test
results based on an individual person’s risk. Cervical cancer pre-
vention has been a paradigm in this respect [7, 8].

In addition to morphology, diagnostic pathology reports
now comprise multiple types of information, such as mRNA
expression and genomic DNA data, as well as histology and
immunohistochemical results [9]. Molecular testing has added
complexity to cancer diagnosis and care by expanding the num-
ber of distinct cancer subtypes (e.g., >150 for hematopoietic
neoplasms) that can be identified by specific abnormalities and
facilitating selection of precision oncology therapies that target
those abnormalities in a patient’s cancer. This complexity con-
tinues to increase as molecular testing has shifted from individ-
ual genes to multiplex “omics” panels with hundreds of genes
[10]. To maximize the clinical utility of these high dimensional
data sets, integrated information management systems are
being developed to incorporate structured genomic sequence
data into secure, interoperable electronic health record (EHR)
platforms [11]. Such systems, which are being deployed in some
larger, tertiary care settings, can facilitate incorporation of data
into integrated reports, and the results may be discussed in
team-based multidisciplinary tumor boards. However, although
widespread implementation of such systems remains an
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aspirational goal, this paradigm has not yet been implemented
in the vast majority of cancer care settings.

No test has perfect sensitivity or specificity, but the diag-
nostic uncertainty, interobserver variability, and potential for
diagnostic errors introduced by the subjective nature of test
interpretation are often underappreciated. Gray zones exist
in pathology, as in any area of medical practice. Correlation with
clinical and radiologic findings and the use of ancillary tests and
second reviews can help to improve accuracy and limit non-
definitive diagnosis. For example, one study of second-opinion
surgical pathology reviews found major diagnostic disagree-
ments in 2.3% of cases and minor disagreements in 9.0% of
cases [12]. Training and skills may vary among clinicians in dif-
ferent practice settings, and even pathologists who have under-
taken subspecialty training in specific areas of pathology might
not stay current in that subspecialty if they practice as a “gener-
alist” in nonacademic settings.

Accurately conveying complex diagnostic testing results to
patients and clinicians who may be unfamiliar with emerging
technologies is also challenging. Accurate, timely diagnosis
may be hampered by a lack of interoperability of EHR systems
and poor collaboration and communication among patholo-
gists, radiologists, and oncologists on a patient’s care team [1].

Disparities in patient access to pathology expertise and
technologies can affect the timeliness and accuracy of cancer
diagnosis and thus the quality of care patients receive. Smaller
community hospitals, especially those in low-resource areas,
may lack pathologists with adequate specialty-focused training
in oncologic pathology as well as ancillary support, equipment,
and resources to provide the complex diagnostic testing and
interpretation necessary for precision oncology care. Technol-
ogy innovation can also exacerbate health disparities because
care facilities with limited resources may lag behind in tech-
nology adoption, creating new inequities in patient care. In
addition, many new tests and technologies are expensive and
may not be covered by payers initially.

POTENTIAL SOLUTIONS

Leaders in pathology and the broader health care commu-
nity need to develop and implement strategies to address
these challenges and improve the care of patients with can-
cer (Box 1). Patient access to expertise in cancer diagnostics
could be expanded through improved collaboration among
pathologists, radiologists, oncologists, and informaticians;
enhanced education and training as well as initial and con-
tinuing certification; increased use of expert consultations,
including whole-slide imaging and teleconsultation; and dis-
semination of appropriate clinical CDS tools.

The growing overlap between the fields of radiology and
pathology, along with advances in bioinformatics, represents an
opportunity to improve diagnostic oncology. Greater integration
of pathology and radiology reports in oncology would provide a
more unified and complete interpretation of a patient’s disease
and the implications for treatment planning and management,
as well as for monitoring response to therapy. For example, at
the Memorial Sloan Kettering Cancer Center, an integrated
report is prepared for bone cancer patients via tumor boards.
Increased use of multispecialty tumor conferences is a critical
opportunity to promote such interdisciplinary collaboration, but
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Box 1. Strategies to improve patient access to high-
quality oncologic pathology

Improve Education and Training in Oncologic Pathology

e Emphasize intra- and interdisciplinary communication in
pathology training programs.

e Use competency-based education and lifelong learning
approaches.

e Use peer-learning programs for training and quality
improvement.

¢ Develop a new medical specialty in diagnostic oncology.

e Prepare pathologists to incorporate machine learning
algorithms into clinical practice.

Expand Access to Expertise in Oncologic Pathology

e Form second-opinion networks and diagnostic consortia.

¢ Develop tools and mechanisms for pathology referrals at
cancer centers.

e Build community capacity in oncologic pathology
through teleconsulting and telementoring.

¢ Use diagnostic management teams to optimize
diagnostic test ordering and interpretation.

Increase Integration and Collaboration Among Specialties

in Cancer Care

e Foster multidisciplinary care with integrated teams of
pathologists, radiologists, and oncologists.

¢ Integrate pathology, radiology, and oncology reports for
a unified diagnostic interpretation.

e Engage tumor boards to help integrate specialties for
diagnosis and care management.

¢ Provide incentives for interdisciplinary collaboration in
cancer diagnosis and care.

Improve and Adopt Use of Clinical Decision Support (CDS)

e Collaborate with patients and physicians to design CDS tools.

o Effectively embed CDS tools into clinical workflow.

e Create machine-readable clinical practice guidelines.

¢ Improve data interoperability and interinstitutional
collaboration to reduce the costs of CDS.

e Align payers, regulators, and professional societies to
increase uptake of CDS.

Support Innovation in Oncologic Pathology

¢ Enhance partnerships across computational pathology,
genomics, and radiology.

e Create competitions that draw together engineers and
clinicians to solve interoperability issues.

¢ Create a digital architecture for image analysis that
encompasses pathology and radiology.

¢ Develop machine learning methods to process complex,
multimodality, time-based data.

e Use artificial intelligence and interconnectivity to create
a more dynamic, proficient, precise, and efficient health
care workforce.

e Ensure adequate validation and workforce training for
new technologies in clinical practice.

Improve Data Curation, Integration, and Sharing

¢ Develop systematic approaches for data curation,
anonymization, and aggregation.

e Standardize data elements and information
nomenclature.

e Use structured or synoptic reporting to ensure data
completeness and quality.

e Adhere to the FAIR principles (findable, accessible,
interoperable, and reusable).

¢ Include patient-reported outcome measures and data
from diverse populations.

Source: Adapted with permission from the National
Academies Press [3].

this is a time-intensive process and requires participation of mul-
tiple specialists. Current reimbursement mechanisms and work
cultures in clinical settings often do not reward this type of
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teamwork across specialties or among health care professionals.
New payment models, such as the Merit-Based Incentive Pay-
ment System [13], and new informatics technologies could also
help incentivize this collaboration and facilitate the integration
of patient-centric diagnostic reports.

Creating a new integrative medical specialty in diagnostic
oncology, with training in pathology, radiology, cancer biology,
and new computational methods is another opportunity to
develop cancer-specific diagnostic expertise. Developing an
overall digital architecture that supports pathology, radiology,
and informatics could play a critical role in merging diagnostic
training programs. Other changes to education and training
could also improve expertise in oncologic pathology. For exam-
ple, entrustable professional activities, which are observable,
measurable units of work that require the integration of many
competencies, may correlate better with clinical practice than
traditional approaches to training metrics [14, 15]. Recent sur-
veys of pathology residents also indicated that training pro-
grams need a greater emphasis on molecular and genomic
diagnostics and pathology informatics [16]. Improved methods
of ensuring that physicians are staying current with rapid
advances in health care, via meaningful continuing certification
geared toward “assessment of learning, for learning,” is a prior-
ity of the American Board of Medical Specialties and the Amer-
ican Board of Pathology [17, 18].

Nonetheless, pathologists in community practices may not
have access to cutting-edge diagnostic technologies, and it may
not always be feasible for them to maintain current knowledge
in these rapidly evolving fields. New tools and platforms could
enable community clinicians to obtain expert consultation. Tele-
medicine, as well as clinician-to-clinician teleconsulting and
telementoring partnerships, can help disseminate knowledge
and build capacity in regions lacking specialty or subspecialty
medical care [19]. Digitization is changing the field of pathology
in ways that will facilitate telemedicine and expert consultations.
The U.S. Food and Drug Administration recently approved the
first digital pathology system to review and interpret whole-slide
images prepared from biopsied tissue, and some institutions are
starting to use real-time digital pathology strategies, including tel-
epathology, within their institutions as well as for expert consul-
tation outside their systems [20]. This is one potential approach
to implementing a recent recommendation to improve the
accuracy of pathology reports via second review for selected
cases [21].

CDS tools can also help clinicians appropriately order,
interpret, and act on diagnostic test results [22]. For exam-
ple, diagnostic management teams can develop standard test
ordering algorithms to reflect the appropriate diagnostic test-
ing for specific diseases. This approach entails a collaboration
among experts in diagnostic testing, treating clinicians, and
biomedical informaticians to develop and iteratively refine
standard test ordering algorithms and then to create a single,
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With the evolution of precision oncology, the essential
role for precise diagnostics to guide care management deci-
sions is growing. The potential for harm when patients lack
access to high-quality oncologic pathology and integrated
diagnostics cannot be ignored. Policy makers and leaders in
pathology and oncology should take action to address these
critical gaps in cancer care.
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