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Abstract
Background—In July 2001, positron emission tomography (PET) became a covered service for
Medicare beneficiaries when used for diagnosis, staging and restaging of non-small cell lung,
esophageal, colorectal and head and neck cancers, lymphoma, and melanoma. Whether physicians
use PET as a replacement or in addition to computed tomography [CT], magnetic resonance
imaging [MRI], or bone scintigraphy [BS] is uncertain.

Methods—We used a 20% sample of Medicare fee-for-service beneficiaries age >64 from 2004
thorough 2008. Annually for each cancer type, we created a cohort of patients defined by having at
least one admission with a primary cancer diagnosis or two non-hospital claims with a cancer
diagnosis at least 7 days apart per calendar year. Each year, we counted imaging claims and claim-
days by modality and cancer type. We examined the sequence of PET use as before, after, or
instead of other imaging.

Results—About 125,000 beneficiaries or 2.5% of the cohort met our cancer definition each year.
In 2008, the combined annual imaging days per person-year were 2.3 CT, 0.49 MRI, 0.70 PET,
and 0.13 BS. The annual rates of imaging from 2004 to 2008 increased 0.5% for CT, 3.2% for
MRI and 18.0% for PET (range 14.6% to 19.9% by cancer type), and decreased 12.7% for BS.
The growth in PET use was not associated with meaningful changes in body CT. In 2007–2008, a
body CT preceded PET within 30 days in about one-half of patients whereas a PET preceded CT
in only 22%.

Conclusion—Several years after its introduction, PET continued to grow rapidly with evidence
that it is replacing BS. Growth of PET occurred without evidence of a decline in body CT. About
half of PET use occurred shortly after body CT, suggesting an additive or final arbiter role.
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Introduction
Medical imaging serves an integral role at most decision points in cancer care from
diagnosis and initial staging to termination of therapy for metastatic disease. Advanced
imaging use evolved in a disorderly manner after the introduction of computed tomography
(CT) and, subsequently, magnetic resonance imaging (MRI). In the absence of randomized
trials, appropriateness criteria based on expert opinion using clinical vignettes have been the
predominant source of practice guidelines.1–3

Over the last decade, four trends arose related to cancer imaging. First, the costs of
chemotherapies and targeted agents increased rapidly.4 If cancer imaging could guide the
effective use of these therapies, then increased imaging would be more easily defended.
Second, the overall costs of medical imaging (not just for cancer) doubled between 2000 and
2006.5,6 Third, CT and MRI scan volume rose dramatically—9.5% per year for CT and
13.1% for MRI between 1998 and 2005—and shifted from predominantly hospital-based
sites to freestanding outpatient sites.5,7,8 Fourth, positron emission tomography (PET)
using 18F-fluorodeoxyglucose (FDG) and integrated PET/CT (together referred to
hereinafter as PET) —a new technology based on a paradigm of characterizing metabolic
processes rather than anatomy—was introduced for use in selected cancers. In July 2001,9
the Centers for Medicare & Medicaid Services (CMS) approved reimbursement for PET
imaging for evaluating beneficiaries across the natural history—diagnosis, initial staging and
restaging—for six cancer types (non-small cell lung, esophageal, colorectal, and head and
neck cancers, as well as lymphoma and melanoma).

It remains uncertain whether the growth in PET following the 2001 CMS coverage decision
was associated with declines in other imaging. In this report, we assess for 2004 through
2008 the temporal trends in PET use compared to concurrent use of CT, MRI and bone
scintigraphy (BS) for these common cancer types. In addition, we assessed the temporal
clustering and sequencing of PET use as “new” relative to “established” technologies (i.e.,
CT, MR, BS) to characterize its role as an additive vs. replacement tool.

Methods
Design Overview

To characterize changes in cancer imaging following the 2001 CMS coverage decision for
PET, we evaluated Medicare fee-for-service (FFS) claims for cancer beneficiaries identified
annually over the period 2004 to 2008. We used these data to examine the rates and
sequencing of advanced cancer imaging. The institutional review board at Dartmouth
Medical School approved this study.

Settings and Participants
For each of these five years, we assessed a 20% sample of FFS beneficiaries who were at
least age 65 as of January 1, enrolled in both Medicare Part A and B, and not enrolled for
any part of the year in a Medicare managed care program. The advantages of the 20%
sample, compared to the more commonly used 5% sample, are the larger counts of relatively
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uncommon events (e.g., cancers of the head and neck, esophagus and melanoma). For each
year, we determined whether a beneficiary had a cancer type to be included in the analysis
cohort for that year. We used the International Classification of Diseases 9th edition (ICD-9)
to categorize cancer types as follows: head and neck (140–149, 160, 161), esophagus (150),
colorectal (153, 154), non-small cell lung cancer (162), malignant melanoma (172) and
lymphoma (200–202). Inclusion of a patient in the annual cancer case cohort (denominator)
required either: a) a hospital admission for which the principal discharge diagnosis was one
of the ICD-9 codes above; or b) two non-hospital claims (primarily physician part B for
office-based visits, procedures or imaging) occurring at least 7 days apart but in the 12
months of that year with one of the primary cancer diagnosis ICD-9 codes above on both
claims. The requirement for at least 2 claims involving physician contact at least 7 days
apart is commonly used in other analyses of administrative data to the reduce the likelihood
of erroneously including a claim submitted, albeit incorrectly, with a “rule out” diagnosis.10

The date of admission or the first of two outpatient claims defined each subject’s date of
entry to the cohort in any given year. We explicitly did not include claims for hospice or
home health care since our intent was to evaluate beneficiaries undergoing active cancer
management.

These criteria were applied for defining the cohort in each of the years, i.e., inclusion of any
individual patient in the cohort for any year was independent of that individual’s inclusion in
a prior or subsequent year’s cohort. Our inclusion criteria were intended to identify a
mixture of beneficiaries with newly diagnosed cancer, those having ongoing care or
surveillance after treatment and those with recurrent cancer.

Definitions of Imaging Type
Table 1 gives the HCPCS and CPT codes used to define PET, CT, MRI and BS. More than
99% of PET and BS claims were for torso or whole-body imaging (skull-base to thigh for
PET). For any year, PET and PET/CT claims were combined. For CT and, to a lesser extent
for MRI, multiple claims on the same date for separate body areas were common (e.g., a
chest, abdomen and pelvis CT) and counted as one imaging day. We counted both the CT
and MRI claims per year as well as imaging days with CT, MRI or the combination. Once a
beneficiary met our inclusion criteria for a given year, all CT and MRI claims during the
remainder of that year were included.

Statistical Analysis
The prevalence of cancer beneficiaries for each year was calculated as the number of
patients in the cancer cohort for that year divided by the number of total beneficiaries in the
Medicare FFS sample (tabulated from the Medicare Denominator File); this result was
reported as the number per 1,000 beneficiaries. Cancer person-years, by individual cancer
type or overall, were calculated as the time from first cancer claim to the sooner of the last
claim day of the year or the date of death. The ratio of cancer person-years per cancer
beneficiary varied by cancer type and paralleled expected survival rates—lowest for lung
and esophageal cancers and highest for lymphoma.

The annual change from 2004 to 2008 in the rates of imaging by modality and cancer type
were calculated based on the ratio of 2008 rates to 2004 rates, assuming a constant annual
compounding.

Clustering and sequencing of other advanced imaging studies before and after PET and brain
MRI were done for 2007 and 2008. For these years only PET/CT were evaluated and were
>90% of all PET imaging. If oncologists were predominantly using PET as an “additive”
imaging test to body CT (e.g., to confirm inconclusive CT findings or when the potentially
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greater sensitivity of PET/CT for detecting distant disease is necessary for treatment
planning), then use of PET/CT would be expected to occur after body CT and within a short
time interval. Targeted diagnostic CT (e.g., with contrast enhancement or multiphasic) after
PET/CT should occur occasionally to better characterize lesions seen on PET/CT. The same
reasoning applies to brain MRI as additional imaging after head CT.

While the full year was used for overall counts, for the clustering analysis only the first PET/
CT or brain MRI occurring between February 1 and November 30 per year was flagged. For
PET/CT, the number of body CT (chest, abdomen and/or pelvis) in the preceding 14 or 30
days and/or the succeeding 14 or 30 days was counted as an indicator of the frequency and
timing of CT in relation to PET. To test whether PET occurred primarily before or after
other imaging, for those individuals with a first PET instance paired with another imaging
test either before or after, we used a one-sample test for proportions with a null hypotheses
of equal (0.5) for the before proportion.

In a similar manner, the use of brain MRI within 14 or 30 days after a head CT was counted.
We anticipated little clustering of PET/CT and brain MRI with the exception of one efficient
sequence wherein an initial MRI suggests cerebral metastases and a subsequent body PET/
CT is used to identify a primary cancer site.

Results
The number of beneficiaries, cancer cases and cancer person-years are shown in Table 2.
From 2004 to 2008, the number of beneficiaries in the 20% FFS sample declined as more
beneficiaries enrolled in Medicare Advantage plans. However, the demographics of the
samples with respect to age (mean 75.5 years), gender (female 58.5%), and ethnicity (white
88.0%, black 7.5% and other 4.5%) all changed by ≤0.1% from one year to another.

Overall, the number of cases meeting our case definition per 1,000 beneficiaries increased
for five of the six cancer types. The number of cancer cases/1,000 beneficiaries increased by
5.1% from 2004 to 2008. Increases in lymphoma (13.9%) and melanoma (18.2%) more than
offset the decline in colorectal cancers (−5.6%).

The increases from 2004 to 2008 in person-years exceeded those for cancer cases for all six
cancers. This is consistent with either improved survivorship and/or more claims (visits or
testing). The combined total person-years for the six cancer types increased 8.6%. In 2008,
beneficiaries with lymphoma were slightly fewer than those with lung or colorectal cancer—
3.87 vs. 4.54 and 4.75 per 1,000, respectively.

Imaging Method and Cancer Type
Comparisons of imaging frequency over five years by cancer type provide some insight into
differences in site and frequency of metastases as well as how much oncologist’s are
adjusting their imaging between solid tumor types. Figure 1 shows the time trends of CT,
MRI, PET and BS per person-year by cancer type. In this figure, imaging days are used.
Given the large sample sizes, 95% confidence intervals were narrow and are not shown in
the graphical presentation for clarity.

The use of CT was consistent year to year within a cancer type but substantially differed
between cancer types. Beneficiaries with esophageal and lung cancer had about three-fold
more CT days per person-year than those with melanoma. Year-to-year changes in CT
imaging by cancer were minimal with the exception of lymphoma where imaging days per
person-year declined by 0.25 (3% per year).
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MRI was used in lung cancer beneficiaries two to three-fold more often than in any of the
other cancer types. This likely is due to greater frequency of brain metastases in lung cancer
as part of its natural history. Each lung cancer beneficiary had about one MRI imaging day
per person year. The absolute increase in MRI imaging for any of the cancer types was quite
small (less than 0.1 days per year).

PET use for all cancer types approximately doubled from 0.38 to 0.70 imaging days per
cancer person-year, an annualized increase of 18.0% per year (ranging from 14.6% per year
in esophageal cancer to 19.9% per year in head and neck cancer). As shown in Figure 1c, the
absolute use per person-year continued to vary by cancer type. For example, by 2008, PET
imaging days were 1.23 per person-year in patients with esophageal cancer compared to
0.44 imaging days in patients with colorectal cancer.

BS declined markedly in all cancer types and at similar rates. Overall, for the six cancers
combined, bone scintigraphy use declined 12.7% per year or 38.0% over the five years. BS
use declined by almost half in lung cancer.

Trends by Imaging Type and Body Site
At the cohort level, Figure 1 shows the aggregated CT imaging days for all body sites.
Figure 2 breaks out the rates per person year for chest, abdomen, and pelvis. The figure
shows that for each of these body sites, CT imaging increased 3–4% per year from 2004 to
2007 and then showed a consistent decline in 2008 of about six percent.

Figure 3 shows the annual rates of brain MRI, head CT and facial, orbit and/or neck CT for
2004 to 2008; both CT and MRI of the head increased, with brain MRI increasing at a
slightly faster rate. As observed for body CT, brain imaging declined slightly in 2008.

Time Clustering and Sequencing
To address the additive vs. replacement questions, we switched our analyses to the
individual patient level. Figure 4 shows the clustering and sequence pairing of imaging for
2007–2008. For these comparisons only PET/CT (and not PET only) were evaluated. For all
cancer types, a body CT scan preceded a PET/CT within 30 days in 47.4% of patients--
ranging from 31.4% in melanoma to 58.1% in esophageal cancer. The converse sequencing
having body—CT within 30 days after PET/CT—occurred in 22.8% of patients and
minimally varied across the six cancers types. The differences in the sequencing for each
individual cancer type and combined were all highly statistically significant (p<0.001).

Clustering of brain imaging was much less frequent, primarily occurred within 14 days, and
predominantly was brain MRI following head CT. A head CT preceded a brain MRI within
14 days in 15.2% of all patients (range 11.0% to 16.4% by cancer type, data not shown). A
second use of brain imaging was most common in beneficiaries with lung cancer and least
common in head and neck cancer.

Discussion
Over the last two decades, rapid growth in imaging volume and a shift to more expensive
tests has been observed in Medicare beneficiaries and younger, privately insured
patients.5–8,11–13 This concern received national attention in a 2005 Medicare Payment
Advisory Commission report.14 Factors influencing the growth and likely over utilization of
imaging15 include wider availability; patient demand; self-referral among non-radiologists;
competition between specialists; defensive medicine; and non-definitive interpretations by
radiologists. While greater use of imaging may have value in patient management, there are
also possible disadvantages including financial cost and population radiation exposure.
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Technological advances in imaging can lead to over estimation of disease burden and of the
effectiveness of interventions.16 This phenomenon is well described for new cancer staging
tests, which can cause a spurious stage migration that seemingly improves outcomes for all
stages of disease (Will Rogers phenomenon).17,18 Approaches to slow the growth of
imaging include radiology benefit management programs requiring prior authorization,
computerized physician order entry with decision support, restrictions on self-referrals and
reductions in Medicare technical component payments.5,15,19–21

Our study was specifically interested in the trends of cancer imaging and the diffusion of
PET into practice, since this technology represents a new paradigm—functional vs.
structural imaging.22 Few other reports have specifically focused on medical imaging in
cancer patients. Dinan et al. recently reported an evaluation of a 5% sample of Medicare
beneficiaries from 1999 to 2008 for breast, colorectal, lung, and prostate cancers, as well as
leukemia and lymphoma, and tracked two years of different types of imaging.23 Direct
comparisons between our findings and those of Dinan et al. are limited—Dinan’s cohorts
began before the July 2001 Medicare coverage expansion for use of PET in diagnosis,
staging, and restaging of non-small cell lung cancer, colorectal cancer and lymphoma, and
before the 2002 coverage for breast cancer; these cohorts also included cancers for which
use of PET was not covered (leukemia and prostate).24 Nevertheless, we each found that CT
and MRI use differed widely by cancer type, minimally differed year-to-year within a cancer
type and that imaging use was greatest in lung cancer.

Our study intentionally focused on specific cancers with PET coverage by Medicare, and
our cohorts began several years after CMS approval to avoid the distortions of comparisons
starting from zero usage. We evaluated imaging utilization across the continuum of disease
(diagnosis or initial staging through suspected recurrences), by body areas (e.g. chest/
abdomen/pelvis or brain/head/neck) of CT and MRI.5,19 In contrast to most studies of
imaging trends, our unit of analysis was the cancer beneficiary (expressed in cancer-person
years), not the overall universe of Medicare beneficiaries. Our use of person-years (instead
of persons) as our denominator is an acknowledgement that we were not observing our
cohort over a full year and redefined it anew each year; this reduces the estimated rates, but
did not otherwise impact the analyses.

Our primary finding is that PET use, even seven years after its Medicare approval, continued
to increase at substantial, stable rates for all cancer types. This growth in PET per
beneficiary occurred without evidence of a decline in body CT imaging, with the exception
of a slight decline among lymphoma patients. Our analysis of individual level clustering and
sequencing suggests about half of PET/CT is as an additional test to CT and about half are
temporally unrelated to CT. This additive use of PET likely reflects a mix of clinical intents:
resolving inconclusive CT findings (i.e., serving as the final arbiter) before therapy is
initiated, changed or stopped and addressing clinical questions not answered by preceding
CT including being a more sensitive detector of metastatic disease. The frequency of PET/
CT preceding CT was higher than anticipated, but likely reflected the finding on PET/CT of
abnormal FDG uptake in body sites not clinically suspected thus prompting targeted use of
CT in a similar arbiter role (e.g., contrast-enhanced CT to confirm hepatic metastases
suggested by the results of PET/CT in which the CT component was performed without
contrast enhancement).

In the initial staging of non-small cell lung cancer, evidence from randomized trials
performed in multiple countries showed that PET is superior to conventional staging and
plays a final arbiter role in guiding management; these trials addressed both use of PET as
an addition to conventional staging methods (in older studies)25–28 or PET/CT in lieu of
conventional staging. 29
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However, it is more difficult to infer how much of PET is used as a replacement tool since
the rates of body CT did not change meaningfully during these years. MRI use in lieu of CT
for evaluating potential brain and spinal metastases shows the same trend modest—growth
in MRI without declines in CT. However, the sequencing assessment suggests MRI and CT
maybe used for different situations, since only about 15% of brain MRI examinations were
preceded by a head CT—a pattern shift seen in the early management of stroke.30,31

The marked decline across all cancer types in conventional whole-body BS use is consistent
with other international series.32–36 While prostate and breast cancers are the most common
cancer-type indication for BS, the observed decline in BS for the six different cancers in our
cohorts suggests that clinicians are increasingly using a mix of CT, MRI and/or PET as
alternatives for detection of osseous metastatic disease.

From a disease management and comparative effectiveness perspective, PET imaging of
cancer reprises a pattern seen in cardiac and neurologic imaging—the new “better”
technique is initially used in addition to older tests or for confirmation with relatively little
substitution.13 The value of the new imaging methods depends on the subsequent
management consequences, primarily reflecting a complex combination of treatment
decisions—yes/no, continue/switch/stop, or transition to palliative care.13 While there
appears to be a distinct slowing of discretionary non-invasive imaging since 2005 in the
Medicare fee-for-service population37, there is little evidence for switching. The slight
declines in body CT and MRI imaging in 2008, may reflect the overall impact of the 2005
Deficit Reduction Act that sharply reduced private office technical component payments. It
is difficult to assess retrospectively if a failure to switch (from body CT to PET/CT) reflects
a quality of care issue or a potential role of financial incentives because of oncologist
ownership of on-site CT scanners.37,38

Current guidelines, the rarity of randomized trials and a general lack of rigor in assessing
imaging technologies39,40 are parts of the problem. For the six cancer types evaluated,
current NCCN guidelines infrequently make definitive statements that PET is preferred or
how it should be sequenced relative to CT imaging. In the initial staging of non-small cell
lung and esophageal cancer, guidelines clearly state that PET should follow CT if the CT
shows no evidence of metastases.1 However, they do not state that PET should replace chest
CT. In other common situations where PET appears to be superior—such as serial elevated
CEA levels after surgery in patients with colorectal cancer,22,41 monitoring high-risk
patients with melanoma42, or after initial treatment with chemotherapy and/or radiation
therapy in patients with head and neck22,43,44—PET-CT is considered optional rather than
preferred based on expert consensus.1

Our study’s primary limitation is its unconventional approach to defining the cancer cohort.
Inherently, our stringent definition does not allow a continuity profile over years and could
not assess where each patient was in the course of his or her disease (initial staging vs.
surveillance vs. suspected recurrence). For example, beneficiaries in remission having only
one day of evaluation, including imaging, per year would be missed. Studies using linked
registry data, usually SEER, have a clear cancer identification point and can easily define an
initial therapy period but, after the first year, have the same limitations in inferring clinical
intent of imaging. Also, our analysis did not attempt to distinguish the indication for CT and
MRI, thereby likely overestimating the cancer-specific rates.

This work or other claims-based analyses of care patterns cannot determine clinical intent,
particularly with regard to the evolving role of PET in lieu of CT for treatment monitoring
(especially in patients with lymphoma)45, and in changing or stopping systemic therapies
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when cancer progression is suspected. In future work, we will measure the association of
PET with the prevalence of active treatment in the last few months of life.

In conclusion, following Medicare coverage of PET, cancer providers rapidly incorporated
the use of PET into their management of six common cancers. This change in practice was
to use the new technique, PET, after first using the current imaging standard, body CT, in
about one-half of cases. Whether PET is associated with superior patient outcomes and
impacts overall costs will require either studies that measure changes in major decision
points along a cancer’s natural history or studies that directly measure outcomes.
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Figure 1.
Four Panels of Imaging Type (CT, MRI, PET or BS) Per Person-Year stratified by Cancer
Type and Year
Abbreviations: PET: positron emission tomography, CT: computer tomography, MRI:
magnetic resonance imaging, BS: bone scintigraphy
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Figure 2.
2004–2008 Trends in PET or CT by Body Location per Cancer Person Year
Abbreviations: PET: positron emission tomography, CT: computer tomography.
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Figure 3.
2004–2008 Trends in MRI vs. CT for Brain Imaging per Cancer Person Year
Abbreviations: MRI: magnetic resonance imaging, CT: computer tomography
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Figure 4.
Image Clustering and Sequencing in 2007–2008: PET/CT and Body CT by Cancer Type
First PET/CT in 2007–2008 by cancer type: lung n=21,371, colorectal n=10,499, lymphoma
n=12,943, head/neck n=4,835, melanoma n=3,067, and esophagus n=2,366. See text for
details.
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