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Introduction

Diagnostic errors are a large and underappreciated
obstacle to the delivery of high-quality health care in
the United States.1 These errors are particularly
concerning in cancer care, where the accuracy and
timeliness of diagnosis can greatly affect patients’
prospects of survival.

Access to high-quality cancer imaging and pathology
services—elements essential for accurate cancer di-
agnosis and treatment planning—is far from optimal or
universal in the United States.1 Drawing on information
and ideas discussed at a workshop hosted by the
National Cancer Policy Forum,2 this article outlines
practical steps to foster improved patient access to
cancer imaging expertise.

The Changing Landscape of Oncologic Imaging and

the Risk of Diagnostic Errors

For nearly every tumor type, imaging informs care
management—from establishing a diagnosis and
determining a treatment plan to monitoring response
and detecting treatment-related complications and
recurrence.3 An accurate cancer diagnosis—one that
is both precise and complete—increasingly relies on
complex oncologic imaging techniques and the in-
tegration of expert imaging interpretations with pa-
thology findings that characterize the disease at both
the tissue and molecular levels. As precision oncology
care advances, a simple imaging report describing
tumor presence, size, and location is no longer ade-
quate for patient care. Similarly, assessing treatment
response with traditional criteria on the basis of uni-
dimensional or bidimensional tumor measurements
has proven insufficient or inappropriate for evaluating
the effects of many new cancer therapies, including
targeted agents and immunotherapies. In response,
radiologists have developed, and are continuously
refining, an array of more sophisticated methods to
assess treatment response and toxicity.3,4 For example,
the Quantitative Imaging Network has fostered the
development and clinical validation of quantitative im-
aging tools and methods to measure or predict tumor
response to therapies in cancer clinical trials.5,6 These
methods, combined with new imaging techniques that

offer both anatomic and biologic information for patient
triage and response assessment, require specialized
training and experience for their appropriate use and
interpretation. However, training opportunities are often
lacking when new methods and technologies are in-
troduced into the clinic.7,8

The increasingly complex process of cancer diagnosis
raises the risk for diagnostic errors in three major
categories: test selection and execution, image in-
terpretation, and communication, both among physi-
cians and with patients and their families.1 Delays
or failures in diagnosing cancer represent approxi-
mately 30% of all diagnostic-related malpractice
claims. Analyses of data from the CRICO Comparative
Benchmarking System, a national database of medical
malpractice claims, indicate that errors in clinical
judgment, including the misinterpretation of diag-
nostic testing, contribute to more than two-thirds of
these cases.9 In radiology, the top cause of cancer
malpractice claims is misinterpretation of imaging
results (in nearly 50% of cases).10 These findings point
to the critical importance of enhancing physician ex-
pertise in cancer diagnosis and follow-up. They also
highlight the need for systems-level solutions to im-
prove the diagnostic process and enhance patient
safety.

At specialized cancer centers, where care is typically
provided by multidisciplinary teams that include
treating oncologists, radiologists, and pathologists,
cancer mortality rates have been found to be lower
than those at community hospitals.11 These differ-
ences may be due in part to subspecialty radiologists
who participate in multidisciplinary cancer care teams
and can provide more clinically relevant oncologic
imaging interpretations because they keep abreast of
the latest developments in cancer biology and treat-
ment, are well acquainted with the natural history of
specific tumor types, and have ready access to the
knowledge and expertise of multiple cancer specialists.

As reviewed by Schlemmer et al,3 studies have re-
peatedly shown substantial rates of disagreement—
ranging from 13% to 56%—between initial cancer
imaging reports and second-opinion readings by
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radiologists specializing in cancer imaging, with second-
opinion reports indicating the need for changes in patient
management in as many as 13% to 53.5% of cases.7-19

Second-opinion review can prevent unnecessary biopsies
while improving cancer detection, as was shown by a recent
study that included 147 patients who self-referred for
second-opinion readings of breast images.20 On secondary
review, 24 (25%) of 96 lesions originally reported as sus-
picious were downgraded to benign or probably benign,
preventing biopsy in 21 patients, all of whom remained
disease free on follow-up imaging. Furthermore, out of 87

biopsies performed, 28 (32%) were recommended only
after second-opinion review, and eight of 28 (28%) yielded
cancer. Thus, out of a total of 23 cancers ultimately
identified, more than a third (35%) were not detected in
initial image interpretations. Second-opinion readings can
also reduce unnecessary hospital admissions and sur-
geries, increase accuracy in staging and post-treatment
follow-up, and enhance the clinical relevance of imaging
reports.15,21-23 An example of the importance of second
readings by oncology imaging experts is shown in Figure 1.

Workforce and Care Delivery Challenges

As demand for radiology expertise increases, radiologists with
subspecialty expertise are in short supply in many locations.
Recent data from the Centers for Medicare & Medicaid
Services showed that only 21.8% of 3,143 counties in the
United States had at least one subspecialty radiologist; most
subspecialty radiologists are located in urban areas. Even if
subspecialists could be redistributed geographically, the
total supply is insufficient to achieve widespread geographic
coverage.24 The data from the Centers for Medicare &
Medicaid Services do not specifically capture oncologic
imaging as a subspecialty, because it is not a formally
recognized subspecialty in the United States or most other
countries. Subspecialization in radiology is generally by or-
gan or system, which does not ensure intensive training or
expertise in the pertinent areas of cancer imaging.

Expansion of dedicated oncologic imaging fellowship pro-
grams could help alleviate a shortage of subspecialized
expertise in cancer imaging, which is usually gained through
fellowship training and/or by participation on multidisci-
plinary cancer care teams. Out of the more than 240 radi-
ology fellowships currently offered in theUnited States, only a
handful (approximately five) are dedicated to oncologic
imaging.3 Furthermore, modern cancer imaging principles
are not treated in depth in medical school or residency
training, and few continuing medical education courses are
dedicated to cancer imaging.

As a result, most radiology practice models are not orga-
nized to deliver consistent, high-quality oncologic imaging
services. Optimal practice models could include either
referral to tertiary subspecialty multidisciplinary tumor
board–style groups or blended generalist/specialist staffing
in large community practices with a formalized conduit to
subspecialty second opinions. Telemedicine or tele-
mentoring, with continuous supervision, feedback, and
coaching for all team members, could enable broad
implementation of these models.2

The Increase of Clinical Decision Support and

Standardized Reporting

Radiology in general, and oncologic imaging in particular,
stands to benefit greatly from advances in augmented
intelligence—that is, the application of machine learning
and artificial intelligence (AI) to automate routine tasks and
enhance users’ performance of nonroutine tasks.25 The use
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FIG 1. Coronal (A) and axial (B) contrast-enhanced computed
tomography (CT) images. (A) The coronal image demonstrates
abrupt cutoff of the common bile duct (black arrows) at the level of
the enlarged pancreatic head (T), with intrahepatic biliary duct
dilatation (white arrow). The study was initially interpreted as
demonstrating a 3.9-cm cancer in the pancreatic head. The
patient was scheduled for a Whipple procedure but decided to
seek a second opinion before surgery. At the request of the
consulting surgeon, the same set of CT images was reviewed by a
specialized radiologist who participates in a hepato-pancreato-
biliary tumor board. Although the head of the pancreas is en-
larged, the axial CT image (B) also shows diffuse pancreatic
enlargement (arrows), with no visible pancreatic duct. The im-
aging findings were thus considered suspicious for autoimmune
pancreatitis, and measurement of circulating IgG4 levels was
recommended. Subsequent testing revealed elevated IgG4 levels.
Response to steroid therapy confirmed the diagnosis of autoim-
mune pancreatitis. Images courtesy of Richard Do, MD, PhD,
Memorial Sloan Kettering Cancer Center.
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of AI to provide focused clinical decision support at the
point of care has the potential to reduce unwarranted
variations in cancer care and decrease diagnostic errors. AI
could streamline clinician workflow by automatically
extracting pertinent clinical information from the electronic
health record, ordering the appropriate imaging examina-
tion on the basis of appropriate use criteria, and selecting
the correct imaging protocol for initial and follow-up ex-
aminations on the basis of the clinical question.2 AI algo-
rithms could also enhance the work of radiologists by
facilitating more accurate image analysis as well as im-
proved early detection and disease quantification.26 For

example, software programs for automated tumor volume
measurement and tumor segmentation that enable con-
sistency in longitudinal assessments are already available,
although not yet widely implemented.2,27

In recent years, there has been a major shift from narrative,
free-style reports to structured image reporting.28 Although
it is still in its infancy, synoptic reporting, involving use of
discrete entry options and standardized lexicons with
embedded learning modules, is expected to facilitate
complete capture of necessary information in a stan-
dardized and structured format. Structured and synoptic

BOX 1: POTENTIAL ACTIONS TO IMPROVE PATIENT ACCESS TO HIGH-QUALITY ONCOLOGIC IMAGING

Improve Education and Training in Oncologic Imaging
• Update core and continuing radiology curricula, training, and evaluation to include a greater emphasis on modern
oncologic imaging competencies

• Expand fellowship training programs in oncologic imaging
• Facilitate and recognize oncology subspecialization in radiology
• Use peer-learning programs to promote quality improvement among radiologists
• Prepare radiologists to incorporate machine learning algorithms into clinical practice
• Emphasize communication and intra- and interdisciplinary collaboration
• Adopt automated tracking tools for assessing tumor characteristics longitudinally

Expand Access to Expertise in Oncologic Imaging
• Form second-opinion networks and cancer imaging consortia
• Develop tools and mechanisms for imaging referrals at cancer centers
• Build community capacity in oncologic imaging through telementoring
• Create oncologic imaging expertise within radiology departments

Increase Integration and Collaboration Among Specialties in Cancer Care
• Engage tumor boards to help integrate specialties for diagnosis and care management
• Provide incentives for interdisciplinary collaboration

Improve and Adopt Use of Clinical Decision Support
• Collaborate with patients and physicians to design decision support tools
• Effectively embed decision support tools into clinical workflow
• Incorporate patient-reported outcome measures within these systems
• Create machine-readable clinical practice guidelines

Support Innovation in Oncologic Imaging
• Develop machine learning methods to process complex, multimodality, time-based data
• Use artificial intelligence and interconnectivity to create a more dynamic, proficient, precise, and efficient health care
workforce

• Ensure appropriate validation and workforce training before disseminating new technologies into clinical practice

Improve Data Curation, Integration, and Sharing
• Develop systematic approaches for data curation, anonymization, and aggregation
• Standardize data elements and information nomenclature
• Use structured or synoptic reporting to ensure data completeness and quality
• Adhere to the FAIR principles (findable, accessible, interoperable, and reusable)
• Include data from diverse populations

Adapted with permission from the NASEM, 2018, by the National Academy of Sciences, Courtesy of the National Academies
Press, Washington, DC.2
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reporting is conceptually similar to the use of checklists in
other areas of medicine, such as intensive care and sur-
gery, to improve patient safety and decreasemedical errors.

Ensuring the Quality and Accessibility of Oncologic

Imaging Expertise

To expand patient access to oncologic imaging expertise,
leaders in radiology and the broader health care com-
munity will need to work together to develop and im-
plement strategies to enhance expertise in oncologic
imaging, including improved education and training,

expert consultations, telemedicine and telementoring,
clinical decision support, collaboration, and data sharing
(Box 1). With the emergence of precision oncology and the
frequent introduction of new treatment strategies, the es-
sential role for precise oncologic imaging to guide treatment
decisions is growing. The potential for harm when patients
lack access to high-quality oncologic imaging can no longer
be ignored. Policymakers and leaders in imaging and on-
cology should take action to raise awareness and address
this critical gap in cancer care.
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