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Abstract
Objective: To characterize national trends in oncologic imaging (OI) utilization.

Methods: This retrospective cross-sectional study used 2004 and 2016 CMS 5% Carrier Claims
Research Identifiable Files. Radiologist-performed, primary non-invasive diagnostic imaging
exams were identified from billed CPT codes; CT, MRI and PET/CT examinations were
categorized as “advanced” imaging. Ol examinations were identified from imaging claims’
primary ICD-9 and ICD-10 codes. Imaging services were stratified by academic practice status
and place of service. State-level correlations of oncologic advanced imaging utilization
(examinations per 1000 beneficiaries) with cancer prevalence and radiologist supply were assessed
by Spearman correlation coefficient.

Results: The national Medicare sample included 5,030,955 diagnostic imaging exams (1,218,144
of them “advanced”) in 2004 and 5,017,287 diagnostic imaging exams (1,503,490 of them
“advanced”) in 2016. In 2004 and 2016, Ol represented 3.9% and 4.3%, respectively, of all
imaging vs. 10.8% and 9.5%, respectively, of advanced imaging. The percentage of advanced Ol
done in academic practices rose from 18.8% in 2004 to 34.1% in 2016, leaving 65.9% outside
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academia. In 2016, 58.0% of advanced Ol was performed in the hospital outpatient setting and
23.9% in the physician office setting. In 2016, state-level oncologic advanced imaging utilization
correlated with state-level radiologist supply (r=+0.489, p<0.001) but not with state-level cancer
prevalence (r=—0.139, p=0.329).

Discussion: Oncologic imaging usage varied between practice settings. While the percentage of
advanced Ol done in academic settings nearly doubled from 2004 to 2016, the majority remained
in non-academic practices. State-level oncologic advanced imaging utilization correlated with
radiologist supply but not cancer prevalence.

Summary Statement

Oncologic imaging amounted to just 3.9% of all diagnostic imaging and 9.5% of advanced
diagnostic imaging tests nationally, and radiologists’ exposure to oncologic imaging varied
significantly across practice settings.

Introduction

Although the incidence of cancer in the United States is rising, the overall, age-adjusted
mortality rate from cancer has been declining steadily: The cancer death rate for men and
women combined fell 27% between 1991 and 2016 (1). Unfortunately, however, not all
populations are benefitting equally. While the racial gap in cancer deaths is slowly
diminishing, socioeconomic inequalities are growing (2), and notable disparities in outcomes
have been found depending on the care setting as well as patients’ insurance status and race/
ethnicity (3, 4). These disparities point to a need to promote greater consistency in the
practice of cancer care, from diagnosis through treatment and follow-up.

Imaging today plays essential roles in the management of almost all non-cutaneous cancers,
influencing diagnosis, assessment of prognosis, treatment selection, and therapeutic
monitoring (5). Achieving consistently high-quality oncologic imaging interpretations poses
an increasing challenge in light of the growing complexity of such imaging and of oncologic
care in general (6). In recent years, there have been rapid advances in cancer diagnosis and
treatment including the introduction of new technologies, changes in standard treatment
protocols, and a shift toward the implementation of precision medicine based on a growing
understanding of tumor biology (7, 8). Numerous studies have demonstrated added value
when oncologic imaging examinations undergo secondary interpretations at expert centers
(9-12); a metaanalysis found that such secondary interpretations resulted in discrepancies
from the primary interpretations in 32.7% of cases and madifications of patient management
in 22.1% (13). Moreover, an analysis of the radiologist workforce in the United States found
that only about one fifth of counties have a radiologist with subspecialty expertise in any
area of imaging and that, even if these radiologists could be redistributed geographically,
there would be not be enough subspecialists to cover all areas of the country (14). These
findings suggest that efforts to ensure consistent access to high-quality cancer care must
includes strategies to more broadly disseminate cancer imaging expertise, particularly to
settings where radiologists’ exposure to such imaging may be low (15). It should also be
noted that high-quality care depends on evidence-based practice, which should include
adherence to evidence-based cancer imaging guidelines (15, 16).
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The idea for the present study arose from the 2018 National Cancer Policy Forum workshop,
“Improving Cancer Diagnosis and Care: Patient Access to Oncologic Imaging and Pathology
Expertise and Technologies,”(15) where it became clear that to address variations in the
accessibility and quality of oncologic imaging, there was a need for benchmark data on the
prevalence of oncologic imaging and variations in its use between different care settings and
geographic locations. Thus, we conducted this study to characterize radiologists’ oncologic
imaging practice patterns across the United States.

This retrospective, observational cross-sectional study was HIPAA-compliant and was
approved by the institutional review board of the American College of Radiology with a
waiver of the requirement for written informed consent.

The data sources for this analysis were the 5% Carrier Claims Research Identifiable Files
obtained from the Centers for Medicare & Medicaid Services. These files contain all
Medicare Part B claims for a 5% random sample of Medicare fee-for-service beneficiaries.
We selected the files from 2004 and 2016, representing the oldest and most recent files,
respectively, to which we had access at the time of completing the investigation.

We selected from the files all services performed by radiologists, defined as providers
registered with CMS as diagnostic radiologists, interventional radiologists, or nuclear
medicine physicians, representing the only classes of radiologists formally recognized by
CMS provider codes. We then further selected all primary non-invasive diagnostic imaging
services performed by radiologists, defined using the Neiman Imaging Types of Service
(NITOS) (17) as radiography/fluoroscopy, ultrasonography, CT, MRI, and nuclear medicine;
image-guided invasive procedures and secondary imaging services, such as 3D rendering
and computer-aided reconstructions, were not included. Among included imaging services,
CT, MRI, and PET/CT were further classified as advanced diagnostic imaging.

Imaging examinations were classified as oncologic based on primary ICD-9 (2004) and
ICD-10 (2016) codes associated with the imaging claims. Imaging services were further
classified using the claims information in terms of academic practice status (academic vs.
nonacademic), place of service (emergency department, inpatient, physician office, hospital
outpatient, or other) and U.S. state in which the service occurred. The determination of
academic practice status was made using a classification system that considers the presence
of an affiliated medical school or radiology residency program (18).

Statistical Analysis

For 2004 and 2016, the distributions of all oncologic imaging and all oncologic advanced
imaging were determined across all places of service mentioned above (emergency
department, inpatient, etc.) and also across all places of service stratified by academic vs.
nonacademic status (i.e., academic emergency departments and non-academic emergency
departments, academic inpatient settings and non-academic inpatient settings, etc.). Then,
the percentages of radiologists’ diagnostic imaging services and advanced diagnostic
imaging services constituted by oncologic imaging were determined overall, for each place
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of service, and for each place of service stratified by academic vs. non-academic status. The
percentages of advanced diagnostic imaging services that were oncologic at the state level
were also calculated and depicted graphically. State-level population-normalized cancer
prevalence was determined using data from the National Cancer Institute and U.S. Census
Bureau and assessed for correlation with state-level oncologic fraction of advanced imaging
using the Spearman correlation coefficient. State-level radiologist supply was determined
using the Medicare Physician Compare National Downloadable File (19) and also assessed
for correlation with state-level oncologic fraction of advanced imaging using the Spearman
correlation coefficient. Correlations were also computed of both state-level radiologist
supply and population-normalized cancer prevalence with state-level oncologic advanced
diagnostic imaging utilization expressed as service counts per 1,000 Medicare fee-for-
service beneficiaries. Data were compared between 2004 and 2016 using the compound
annual growth rate (CAGR). P<0.05 was considered significant for all comparisons.

Given the possibility of the 5% Medicare sample not being generalizable, the percentage of
advanced imaging (CT, MRI, and PET/CT) that was oncologic in nature, based on ICD-10
codes associated with the examinations, was determined for a large tertiary care academic
medical center. This percentage was computed for all such examinations performed in adult
patients within the health system from January through December 2018. For this portion of
the investigation, institutional IRB approval was obtained, with a waiver of written informed
consent.

Analysis was performed using SAS 9.4 (SAS Institute; Cary, North Carolina), Excel for
Windows (Microsoft Corporation; Redmond, Washington), and MedCalc (MedCalc
Software; Ostend, Begium).

The national Medicare sample included 5,030,955 diagnostic imaging and 1,218,144
advanced diagnostic imaging examinations in 2004, and 5,017,287 diagnostic imaging and
1,503,490 advanced diagnostic imaging examinations in 2016. Table 1 shows the
distributions of oncologic imaging by academic practice status and place of service in 2004
and 2016. The distributions were very similar for all oncologic imaging and all oncologic
advanced imaging. In 2004 and 2016, the distributions of oncologic advanced diagnostic
imaging were as follows: 58.1% and 58.0%, respectively, in hospital outpatient settings;
25.9% and 23.9%, respectively, in physician office settings; 14.4% and 7.7%, respectively, in
inpatient settings; 1.2% and 2.9%, respectively, in ED settings; and 0.4% and 7.6%,
respectively, in all other settings (Table 1). Between 2004 and 2016, the percentage of
oncologic advanced imaging performed in academic practices increased from 18.8% to
34.1% (CAGR 5.1%). Stratification by both academic status and place of service showed
that oncologic advanced imaging was most commonly performed in non-academic hospital
outpatient facilities (37.4%) and academic hospital outpatient facilities (20.6%).

In 2016, oncologic imaging represented 3.9% of all radiologist-performed diagnostic
imaging and 9.5% of all radiologist-performed advanced diagnostic imaging (Table 2,
supplemental Table 3 online). The oncologic share (or “fraction”) of advanced imaging was

J Am Coll Radiol. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rosenkrantz et al.

Page 5

higher in the academic (12.1%) than in the non-academic (8.5%) practice setting. By place
of service, the oncologic fraction of all advanced diagnostic imaging was higher in the
hospital outpatient (18.1%) and physician office (15.3%) settings than in the inpatient
(3.2%) or ED (0.9%) settings. It was highest (22.7%) in the academic hospital outpatient
setting. Variations in the oncologic fraction of advanced imaging were statistically
significant (p<0.001) for all subsets defined by academic practice status and place of service.

From 2004 to 2016, the oncologic fraction of advanced diagnostic imaging decreased
slightly overall (CAGR -1.1%) and in the non-academic (CAGR -1.7%) setting and
remained essentially stable in the academic (CAGR -0.1%) setting (Table 2). Aside from a
slight increase (CAGR +0.4%) in the hospital outpatient setting, this fraction decreased in all
practice settings analyzed, with the largest decrease being a CAGR of —3.1% in the inpatient
setting. By combination of academic status and defined place of service, the only increase
was for the hospital outpatient setting in academic practices (CAGR +1.2%) (Table 2).

Figure 1 presents state-level oncologic fractions of advanced diagnostic imaging in 2016.
There was an approximately 3:1 ratio between the highest and lowest state-level fractions.
The highest fractions were in Arkansas (15.3%), Kansas (13.0%), and South Dakota
(12.8%), and the lowest were in Wyoming (4.9%), Nevada (5.6%), and Rhode Island (6.0%).
The oncologic fraction of advanced imaging did not correlate significantly with state-level
cancer prevalence (r=—0.118, p=0.410) or state-level radiologist supply (r=0.126, p=0.375).

There was an approximately 6:1 ratio between the highest and lowest state-level oncologic
advanced diagnostic imaging utilization rates. The highest utilization was in Washington DC
(162 examinations per 1,000 beneficiaries), Arkansas (118), Delaware (101), Kansas (94),
and Massachusetts (91). The lowest utilization was in Wyoming (25), Vermont (28), New
Mexico (41), Nevada (44), and Rhode Island (46). Oncologic advanced diagnostic imaging
utilization showed a statistically significant moderate positive correlation with radiologist
supply (r=+0.489; p<0.001), but no significant association with state-level cancer prevalence
(r=—0.139; 0=0.329).

In the large tertiary care academic medical center, 9.1% (41,366/456,384) of all adult
advanced imaging was oncologic in nature.

Discussion

To our knowledge, the present study was the first to use a national claims database to
quantify oncologic diagnostic imaging exams and assess their distribution among different
practice settings in the United States. We found that oncologic diagnostic imaging tests
amounted to just 3.9% of all diagnostic imaging and 9.5% of advanced diagnostic imaging
(i.e., CT, MRI and PET/CT) tests—percentages considerably lower than those often quoted
anecdotally in the oncology community. We also found that radiologists’ exposure to
oncologic imaging varied significantly across practice settings, lending further weight to
existing concerns about the need to broaden access to cancer imaging expertise (6).

A few studies have attempted similar analyses, but none is directly comparable. For
example, a study from Canada reported that oncologic indications accounted for
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approximately 23% of CT examinations, almost all PET/CT exams and a considerable share
of MRI exams (20). However, that study was based largely on a survey of imaging facilities
that called for subjective assessments of the distribution of indications rather than analysis of
objective and reproducible exam-level claims data. Such subjective assessments are prone to
biases and inaccuracies; furthermore, the majority of the surveyed sites failed to provide a
response to the question at issue here, leading to potential sampling bias. A study from
England noted that approximately 95% of CT units were used for cancer staging purposes
(21), but such information fails to provide insight into the oncologic share of imaging at the
examination level. The limitations of the existing literature in addressing this issue indicate
the challenges of identifying the true oncologic share of advanced imaging and the value of
our present investigation using an objective and reproducible methodology and a national
claims dataset. Like our study, a recent study in Israel showed the oncologic share of
imaging to be highly variable across settings, but it focused solely on the pediatric
population (22).

We found that in 2016, approximately two-thirds of oncologic imaging was performed in
non-academic practices, which aligns with NCI data indicating that the majority of cancer
care takes place in community settings (3); however, the share of imaging that was oncologic
was higher in academic than in nonacademic practices as well as in physician offices and
hospital outpatient offices as compared to inpatient or ED settings. In addition, the share of
advanced imaging that was oncologic varied considerably by state and failed to correlate
with geographic variations in cancer prevalence or radiologist supply. Although the lack of
such correlations could be due to multiple factors, it suggests a lack of adherence to
oncologic imaging guidelines—such as those of the National Comprehensive Cancer
Network—and highlights the importance of the clinical decision support initiative mandated
by the Protecting Access to Medicare Act (PAMA). While state-level utilization of
oncologic advanced imaging was likewise not correlated with cancer prevalence, it was
significantly correlated with radiologist supply. The apparent role of the number of
physicians—rather than actual cancer prevalence—in driving oncologic imaging utilization
in a region further supports the need for more evidence-based decision-making regarding
oncologic imaging.

Of note, we found that the share of oncologic imaging studies performed at academic
practices had approximately doubled over the 12-year window leading into 2016. Drawing
an analogy from cardiovascular (23) and surgical literature (24-26), such progressive
concentration of oncologic imaging at academic centers signals a potential worsening of
disparities in radiologists’ exposure to, and familiarity with, such exams, and consequently
growing challenges in maintaining high-quality oncologic imaging services throughout the
full breadth of radiology practices.

Action is urgently needed to disseminate the current expertise at cancer centers and major
academic institutions to community and smaller radiology practices that may have very low
oncologic imaging exposure. This could entail various changes to current organizational
frameworks, similar to the kinds of initiatives that have been described for improving the
quality of oncologic imaging globally (6, 27). Second-opinion networks and cancer imaging
consortia could be established to create the infrastructure for rapid secondary interpretations
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by oncologic imaging experts through teleradiology (15). Telementoring, coaching, peer
learning, and other forms of collaboration with feedback could also enhance the local
expertise embedded within community settings (15, 28). For such approaches to be
successful, formalized and longitudinal assessments and standards could be instituted to
ensure ongoing accountability. Furthermore, drawing on the models provided by the
Mammography Quality and Standards Act and American College of Radiology accreditation
process for breast imaging, some form of accreditation or certification to recognize special
competency in oncologic imaging (or in subspecialty areas of oncologic imaging other than
breast imaging) could be established (15, 29). Also, in addition to more mini-fellowships
and fellowships, maintenance-of-certification pathways in oncologic imaging could be
developed (6, 27). Finally, more granular insight into the kinds of oncologic imaging
performed in particular practice settings (e.g., distribution of initial diagnostic exams vs.
subsequent scans for monitoring response to therapy, based on academic status, site of
service, or geography) could also help determine the particular imaging knowledge and
expertise that is required and help guide some of the outlined solutions.

Our estimate of the percentage of all Medicare advanced imaging that was oncologic in
nature in 2016 (9.5%) was nearly identical to the percentage of adult advanced imaging we
identified as oncologic in a single large academic medical center (9.1%). We expect these
percentages to represent underestimates because we identified oncologic imaging based on
the primary ICD codes associated with the examinations themselves. Thus, large volumes of
imaging examinations performed in oncology patients but for other signs and symptoms,
such as abdominal pain or suspected pulmonary embolus, were likely not categorized as
oncologic, even though such examinations may be considerably more complex and difficult
to interpret than those conducted in non-oncologic patients, involving greater physician time
and benefitting from oncologic imaging expertise. For example, the radiologist would need
to be familiar with imaging manifestations of radiation therapy, chemotherapy,
immunotherapy, and other treatment regimens that might be contributing to the new clinical
symptoms. In addition, cancer survivors remain at long-term risk for recurrent or secondary
neoplastic disease as well as for complications of earlier therapies, such that follow-up
imaging examinations in this cohort also present higher complexity, even if not done for an
immediate oncologic indication. For these reasons, our methodology was likely highly
specific in identifying oncologic imaging examinations and providing minimum estimates
but still needs to be complemented with other approaches to estimate all oncologic imaging
in cancer patients.

In addition to the reliance on primary ICD codes to identify oncologic imaging exams, this
study has a number of other limitations. First, given our underlying data source, we only
assessed imaging performed for Medicare fee-for-service beneficiaries. Patients with private
insurance, Medicaid, or Medicare Advantage plans were not evaluated. Because the older
population enrolling in Medicare is anticipated to have a higher prevalence of cancer, it is
possible that the oncologic fraction of imaging would in fact be even lower in the overall
U.S. adult population. In addition, we only evaluated radiologist-performed diagnostic
imaging. We did not assess imaging by non-radiologists (e.g., self-referral of oncologic
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imaging) or radiologist-performed interventional radiology services. Also, while we
determined the oncologic fractions of radiologist-performed imaging and consider such
fractions a marker of oncologic expertise, we are not able to assess the quality of the
included imaging examinations or to evaluate the impact of the fraction on patient outcomes
using our present approach. Finally, since we relied solely on ICD codes to identify
oncologic imaging exams, we could not determine the reasons they were characterized as
oncologic (e.g., whether they were performed for assessment of suspected cancer, evaluation
of established cancer, treatment follow-up, or perhaps were done for other indications but
yielded incidental findings of cancer).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Take-home Messages

. This study was the first to use a national claims database to gather
information on the share of radiologist-performed diagnostic imaging done
for oncologic indications in the US and on the distribution of such imaging
among different care settings.

. The oncologic share of advanced diagnostic imaging was found to be just
9.5%.

. While from 2004 to 2016, the proportion of oncologic advanced imaging
done in academic settings nearly doubled (rising from 18.8% to 34.1%),
roughly two-thirds of oncologic advanced imaging continued to be done in
non-academic practices in 2016.

. At the state level, utilization of oncologic advanced imaging correlated with
radiologist supply but not with cancer prevalence.

. These findings indicate that strategies are warranted to disseminate oncologic
imaging expertise throughout the radiology community. They also highlight a
need for stricter application of evidence-based cancer imaging guidelines and
clinical decision support nationwide.
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Figure 1.
Chloropleth map depicting the state-level variation in the percent of radiologist-performed

non-invasive advanced diagnostic imaging in 2016 that was oncologic in nature. White
corresponds with the overall national rate (9.5%), deeper shades of green correspond with
increasingly higher rates above the national above, and deeper shades of red correspond with
decreasing rates below the national average.
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Distribution of radiologist-performed non-invasive oncologic diagnostic imaging (ODI) by academic practice
status and place of service. CAGR = compound annual growth rate.

2004 2016 CAGR
Academic Place of All ODI Advanced ODI All ODI Advanced ODI All ODI Advanced
Status Service (218,294) (131,394) (195,182) (142,459) ODI

All ED 1.3% (2,863) 1.2% (1584) 3.0% (5886) 2.9% (4090) 7.2% 7.5%

All Inpatient 18.8% (41,075) 14.4% (18,932) 8.9% (17,344) 7.7% (10,994) -6.1% -5.1%

All Physician 23.0% (50,161) 25.9% (34,035) | 22.9% (44,715) 23.9% (33,984) 0.0% -0.7%
Office

All Hospital 56.6% 58.1% (76,329) 58.2% 58.0% (82,615) 0.2% 0.0%
Outpatient (123,461) (113,546)

All Other 0.3% (724) 0.4% (514) 7.0% (13,691) 7.6% (10,776) 29.0% 28.0%

Academic All 17.6% (38,326) 18.8% (24,752) | 33.2% (64,734) 34.1% (48,549) 5.4% 5.1%

Academic ED 0.2% (533) 0.2% (318) 0.9% (1,709) 0.9% (1,220) 11.2% 11.1%

Academic Inpatient 3.3% (7,129) 2.8% (3,650) 3.0% (5,909) 2.6% (3,678) -0.6% -0.6%

Academic Physician 4.5% (9,763) 5.2% (6,897) 5.6% (10,990) 5.8% (8,296) 1.9% 0.9%
Office

Academic Hospital 9.5% (20,751) 10.5% (13,771) | 19.8% (38,646) 20.6% (29,323) 6.3% 5.8%
Outpatient

Academic Other 0.1% (150) 0.1% (116) 3.8% (7,480) 4.2% (6,032) 39.8% 38.1%

Non-academic | All 82.4% | 81.2% (106,642) 66.8% 65.9% (93,910) -1.7% -1.7%

(179,958) (130,448)

Non-academic | ED 1.1% (2,330) 1.0% (1,266) 2.1% (4,177) 2.0% (2,870) 6.0% 6.3%

Non-academic | Inpatient 15.6% (33,946) 11.6% (15,282) 5.9% (11,435) 5.1% (7,316) -7.8% -6.6%

Non-academic | Physician 18.5% (40,398) 20.7% (27,138) | 17.3% (33,725) 18.0% (25,688) -0.6% -1.1%
Office

Non-academic | Hospital 47.1% 47.6% (62,558) | 38.4% (74,900) 37.4% (53,292) -1.7% -2.0%
Outpatient (102,710)

Non-academic | Other 0.3% (574) 0.3% (398) 3.2% (6,211) 3.3% (4,744) 23.1% 22.1%
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Percentage of radiologist-performed non-invasive diagnostic imaging (DI) that is oncologic imaging. CAGR =
compound annual growth rate.

2004 2016 CAGR
Academic Status Place of Service Al DI | Advanced DI | AllDI | Advanced DI | AlIDI | Advanced DI
All All 4.3% 10.8% | 3.9% 9.5% | -0.9% -1.1%
All ED 0.4% 1.0% | 0.5% 0.9% | 1.6% -0.6%
All Inpatient 2.1% 47% | 1.3% 3.2% | -3.9% -3.1%
All Physician Office 6.7% 16.0% | 5.7% 15.3% | -1.3% -0.4%
All Hospital Outpatient | 7.3% 172% | 7.1% 18.1% | -0.3% 0.4%
All Other 2.9% 13.7% | 7.2% 23.3% | 7.8% 4.6%
Academic All 5.1% 123% | 5.1% 12.1% | 0.0% -0.1%
Academic ED 0.6% 13% | 0.7% 12% | 1.2% -0.9%
Academic Inpatient 2.5% 5.5% 1.7% 4.0% | —-3.0% -2.5%
Academic Physician Office 7.5% 17.0% | 5.6% 14.3% | -2.3% -1.4%
Academic Hospital Outpatient | 8.6% 19.7% | 9.7% 22.7% | 1.0% 1.2%
Academic Other 3.6% 17.4% | 10.0% 29.7% | 9.0% 4.5%
Non-academic All 4.2% 10.5% | 3.5% 85% | -1.5% -1.7%
Non-academic ED 0.4% 1.0% | 0.5% 0.9% | 1.3% -0.9%
Non-academic Inpatient 2.1% 45% | 1.2% 2.9% | -4.6% -3.7%
Non-academic Physician Office 6.5% 15.8% | 5.7% 15.7% | -1.0% 0.0%
Non-academic Hospital Outpatient | 7.1% 16.8% | 6.3% 16.2% | -1.1% -0.3%
Non-academic Other 2.8% 12.9% | 5.4% 18.3% | 5.6% 3.0%
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