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Regional-Level Correlations in Inappropriate Imaging Rates
for Prostate and Breast Cancers
Potential Implications for the Choosing Wisely Campaign
Danil V. Makarov, MD, MHS; Pamela R. Soulos, MPH; Heather T. Gold, PhD; James B. Yu, MD, MHS;
Sounok Sen, MD; Joseph S. Ross, MD, MHS; Cary P. Gross, MD

IMPORTANCE The association between regional norms of clinical practice and
appropriateness of care is incompletely understood. Understanding regional patterns of care
across diseases might optimize implementation of programs like Choosing Wisely, an ongoing
campaign to decrease wasteful medical expenditures.

OBJECTIVE To determine whether regional rates of inappropriate prostate and breast cancer
imaging were associated.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study using the the Surveillance,
Epidemiology, and End Results–Medicare linked database. We identified patients diagnosed
from 2004 to 2007 with low-risk prostate (clinical stage T1c/T2a; Gleason score, �6; and
prostate-specific antigen level, <10 ng/mL) or breast cancer (in situ, stage I, or stage II
disease), based on Choosing Wisely definitions.

MAIN OUTCOMES AND MEASURES In a hospital referral region (HRR)-level analysis, our
dependent variable was HRR-level imaging rate among patients with low-risk prostate cancer.
Our independent variable was HRR-level imaging rate among patients with low-risk breast
cancer. In a subsequent patient-level analysis we used multivariable logistic regression to
model prostate cancer imaging as a function of regional breast cancer imaging and vice versa.

RESULTS We identified 9219 men with prostate cancer and 30 398 women with breast
cancer residing in 84 HRRs. We found high rates of inappropriate imaging for both prostate
cancer (44.4%) and breast cancer (41.8%). In the first, second, third, and fourth quartiles of
breast cancer imaging, inappropriate prostate cancer imaging was 34.2%, 44.6%, 41.1%, and
56.4%, respectively. In the first, second, third, and fourth quartiles of prostate cancer
imaging, inappropriate breast cancer imaging was 38.1%, 38.4%, 43.8%, and 45.7%,
respectively. At the HRR level, inappropriate prostate cancer imaging rates were associated
with inappropriate breast cancer imaging rates (ρ = 0.35; P < .01). At the patient level, a man
with low-risk prostate cancer had odds ratios (95% CIs) of 1.72 (1.12-2.65), 1.19 (0.78-1.81), or
1.76 (1.15-2.70) for undergoing inappropriate prostate imaging if he lived in an HRR in the
fourth, third, or second quartiles, respectively, of inappropriate breast cancer imaging,
compared with the lowest quartile.

CONCLUSIONS AND RELEVANCE At a regional level, there is an association between
inappropriate prostate and breast cancer imaging rates. This finding suggests the existence of
a regional-level propensity for inappropriate imaging utilization, which may be considered by
policymakers seeking to improve quality of care and reduce health care spending in
high-utilization areas.

JAMA Oncol. 2015;1(2):185-194. doi:10.1001/jamaoncol.2015.37
Published online March 12, 2015.

Invited Commentary page 194

Supplemental content at
jamaoncology.com

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Danil V.
Makarov, MD, MHS, New York
University School of Medicine,
550 First Ave, VZ30 Sixth Floor,
Office 613, New York, NY 10016
(danil.makarov@nyumc.org).

Research

Original Investigation

(Reprinted) 185

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2015 American Medical Association. All rights reserved.

R esearchers have estimated 30% of resources spent on
health care in the United States do not improve the health
of patients.1 In 2012, the American Board of Internal Medi-

cine Foundation and Consumer Reports launched Choosing
Wisely, a national effort to encourage appropriate use of health
care resources by inspiring discussion among patients, physi-
cians, and other stakeholders.2,3 As part of Choosing Wisely,3,4

the American Society of Clinical Oncology (ASCO) released a Top
Fivelistoftestsandproceduresthatcouldbeusedlessoftenwith-
out compromising patient care.5 This list identified several op-
portunities for promoting high-value care, including reducing
unnecessary diagnostic imaging.6 Specifically, 2 items on ASCO’s
list recommend decreasing imaging to stage patients with low-
risk prostate and breast cancers,5 clinical practices estimated to
be inefficient yet stubborn to eradicate.6

Despite recommendations against their routine use,
imaging modalities unlikely to inform medical decision
making7-13 are frequently offered to patients with incident
prostate14-17 and breast18 cancers. Factors such as fear of mal-
practice (defensive medicine), physician and patient prefer-
ences, duplication of care secondary to fragmentation, and
poor record keeping may facilitate inappropriate imaging and
feature prominently in cancer care delivery.19 While exten-
sive literature documents regional variation in the cost and uti-
lization of health care, little is known about regional-level driv-
ers of utilization.20 In spite of this knowledge gap, a report from
the Institute of Medicine (IOM) suggested that regional fac-
tors were not as important as individual-level decision mak-
ing in driving inappropriate utilization.21 Studying prostate and
breast cancer imaging patterns in the pre–Choosing Wisely era
may help determine the potential existence of a yet undiscov-
ered regional-level driver of health care resource utilization and
the extent to which it might affect cancer care.

Previous studies have documented wide regional imaging
variation and its correlates within prostate cancer. Such varia-
tion is not entirely explained by regional variations in patient-
level characteristics.22-26 The variation appears to be driven by
regional tendencies toward imaging utilization: regions with
lower inappropriate imaging also have lower appropriate
imaging, while regions with higher inappropriate imaging simi-
larly have higher appropriate imaging.27 Regional imaging pat-
terns for other cancers, such as breast, have not been stud-
ied; neither have regional-level imaging associations across
cancer types. Because prostate and breast cancers affect dif-
ferent patient populations and are often treated by different
specialists, there should not be an association between their
imaging patterns. A correlation between regional rates of pros-
tate and breast cancer imaging would suggest that regional
imaging behaviors share common determinants. Such a find-
ing might contradict current IOM recommendations against re-
gionally targeted health care utilization policies and suggest
that changing regional culture, or other environmental-level
factors, in high-utilization regions might improve care across
diseases.

We set out to determine the regional rates of ASCO-
defined inappropriate imaging among Medicare beneficia-
ries with low-risk prostate or breast cancers. We hypoth-
esized that there might be a positive regional-level association

between inappropriate prostate and breast cancer imaging.27

To test this hypothesis, we identified patients with incident
prostate and breast cancers from the Surveillance, Epidemi-
ology, and End Results (SEER) Medicare-linked database, de-
termined whether they underwent inappropriate imaging, and
then used these results for regional characterization. Under-
standing whether prostate and breast cancer imaging are as-
sociated at a regional level might promote more nuanced, re-
gionally tailored interventions, such as legislation, payment
reform, and educational initiatives, to improve population
health and provide higher-value care.

Methods
Study Design and Data Source
We conducted a retrospective cohort study using the SEER-
Medicare database. SEER is a program of the National Cancer
Institute that distributes data from high-quality tumor regis-
tries across the US accounting for >25% of the population.28

Information on cancer diagnosis, location, stage, histology, and
patient demographics is available.29 SEER-Medicare links tu-
mor registry data with Medicare hospital, physician, and out-
patient claims for 93% of patients ≥65 years old.28,29 The Yale
Human Investigations Committee determined that this study
did not constitute “human subjects research” and thus did not
require institutional review board approval or participant writ-
ten informed consent.

Study Sample
We constructed cohorts of patients with low-risk prostate and
breast cancer based on clinical criteria specified in the ASCO
Choosing Wisely guidelines.5 For prostate cancer, this in-
cluded men diagnosed with clinical stage T1c/T2a prostate can-
cer with a Gleason score of 6 or lower and a prostate-specific an-
tigen (PSA) level below 10 ng/mL; for breast cancer, this included
women diagnosed with in situ, stage I, or stage II disease. For
both samples, we applied the following inclusion criteria: year
of diagnosis from 2004 to 2007; first or only cancer diagnosis;
known month of diagnosis (to determine a timeframe from
which comorbidity-defining claims could be examined); diag-
nosis not found on autopsy or death certificate; and ages 67 to
94 years. Additionally, all patients had to be continuously en-
rolled in Parts A and B fee-for-service Medicare and could not

At a Glance

• There are high rates of inappropriate imaging among patients
with low-risk prostate cancer (44.4%) and low-risk breast cancer
(41.8%).

• At the level of the hospital referral region (HRR), inappropriate
prostate cancer imaging rates were associated with inappropriate
breast cancer imaging rates (ρ = 0.35; P < .01).

• At the patient level, a patient with prostate cancer had higher
odds of undergoing inappropriate imaging if he lived in a region
with higher inappropriate breast cancer imaging.

• Utilization of health care resources across diseases may be
determined by regional-level factors, a novel finding.
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have been diagnosed with another primary cancer from 2 years
prior to diagnosis through 1 year following diagnosis.

Construction of Variables
We again used the ASCO Choosing Wisely guidelines to define
inappropriate imaging in our prostate and breast cancer cohorts.5

Our primary outcome (a dichotomous variable) was receipt of
positron-emission tomography (PET), computed tomography
(CT), or bone scan , determined by using Healthcare Common
Procedure Coding System (Centers for Medicare & Medicaid Ser-
vices) and International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) procedure codes (eTable
1 in the Supplement). For patients with prostate cancer, the time-
frame was from 2 months before diagnosis until either 6 months
after diagnosis or until initiation of treatment (prostatectomy,
radiation therapy, orchiectomy, or androgen deprivation
therapy), whichever came first. For patients with breast can-
cer, the timeframe included 2 months before through 6 months
after diagnosis. We used different timeframes because of dif-
ferences in the way each cancer is treated. The ASCO guide-
lines refer specifically to diagnostic imaging conducted for dis-
ease staging. For prostate cancer, once treatment is initiated,
imaging may be performed in response to treatment complica-
tions or to monitor disease progression.26 For breast cancer, pa-
tients are often treated with surgery and adjuvant radiation ne-
cessitating postoperative imaging to measure progress or plan
radiation therapy.30 Therefore, we did not count imaging per-
formed on or after the date of treatment as inappropriate.

We performed the analysis at the HRR level.31 An HRR rep-
resents a predefined regional market for tertiary health care
at a major regional referral hospital. We characterized imaging
patterns across HRRs, which have been used previously to de-
fine health care markets.31 Patient zip code was used to as-
sign each patient to an HRR.32

Covariates included patient-level factors such as age, race,
income, marital status, comorbidity, and socioeconomic sta-
tus, based on median household income at the census tract or
zip code level. Comorbidity was assessed using a list of con-
ditions suggested by Elixhauser.33 We searched inpatient, out-
patient, and physician claims billed between 24 and 3 months
prior to diagnosis for ICD-9-CM codes appearing on at least 1
inpatient claim or 2 or more outpatient or physician claims
billed at least 30 days apart. A comorbidity score was equal to
each patient’s number of conditions.

We also included several HRR-level variables. To address
possible confounding from regional-level infrastructure, we
included the HRR-level number of hospital beds and the num-
ber of radiologists, both per 100 000 HRR residents from the
Dartmouth Atlas of Healthcare website.31 To address the pos-
sible effect of market-level competition, we calculated an HRR-
level Herfindahl index (HI) based on hospital use of prostate
or breast cancer surgery. HI is calculated as follows:

HI =
N

i = 1

s 2
i

where si is the market share of prostate or breast surgery for
hospital i in the HRR, and N is the number of hospitals. An HI = 1

represents a market dominated by a single hospital mo-
nopoly, while an HI = 1/N represents perfect competition.

Statistical Analysis
For prostate cancer, HRR-level imaging rates were calculated
for HRRs with 10 or more patients with prostate cancer. Be-
cause the age distribution within HRRs varied, the imaging
rates were age standardized using direct age adjustment. This
same method was used to calculate breast imaging rates. At
the patient level, we used χ2 and rank-sum analyses to assess
bivariate associations between covariates and receipt of
imaging.

We performed analyses at the HRR level and at the pa-
tient level. At the HRR-level, we assessed correlation be-
tween HRR-level inappropriate prostate and breast imaging by
calculating the Pearson coefficient between the square root–
transformed rates of imaging, weighted by the inverse vari-
ance of the HRR level, square root–transformed inappropri-
ate breast cancer imaging rate. We used this transformation so
that the imaging rates would follow a normal distribution, and
we used the inverse variance of the square root–transformed
breast cancer imaging rate estimates to account for precision
in our estimates, given the variation in populations among
the HRRs.

We then performed 2 patient-level analyses. First, we mod-
eled the likelihood that an individual with prostate cancer
would undergo inappropriate imaging as a function of the rate
of HRR-level inappropriate breast cancer imaging rate in the
HRR in which he was treated. We ranked each HRR by its rate
of inappropriate breast cancer imaging, from highest to low-
est, classifying each into quartiles. Next we determined using
logistic regression the bivariate association between a pa-
tient with prostate cancer undergoing inappropriate imaging
and the covariates described herein. Finally we tested the ad-
justed association between the likelihood of a patient under-
going inappropriate patient-level prostate cancer imaging and
the HRR-level inappropriate breast cancer imaging quartile
using hierarchical generalized linear regression with a logit link,
accounting for clustering by HRR. We excluded covariates if
their P values were greater than .05, leaving a parsimonious
model including only the independent variable of interest (in-
appropriate breast imaging quartile) and statistically signifi-
cant covariates. We then performed a second patient-level
analysis using parallel methodology to regress patient-level
likelihood of inappropriate breast cancer imaging on HRR-
level inappropriate prostate cancer imaging quartile.

All analyses were performed using SAS software, version
9.2 (SAS Institute Inc), and SEER*Stat, version 7.0.9 (National
Cancer Institute).

Results
We identified 9219 male Medicare beneficiaries with inci-
dent, low-risk prostate cancer, and 30 398 female beneficia-
ries with incident, low-risk breast cancer (Table 1). Men aged
80 to 84 years were most frequently imaged inappropriately
for prostate cancer (49%), while women aged 67 to 69 years
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were most frequently imaged inappropriately for breast can-
cer (44%). In both groups, those with the most comorbidities
were imaged most frequently (50% for both). For men with low-
risk prostate cancer, frequency of inappropriate imaging was
not associated with race, year of diagnosis, median house-
hold income, or marital status. However, rates of inappropri-
ate imaging for women with low-risk breast cancer were as-
sociated with race (black women imaged most, 44%), year of
diagnosis (imaging performed more frequently over time; 43%
in 2007), median income (most frequent imaging for median
income $50 000-$63 000, 43%), and marital status (married
women imaged most, 42%). Patients with prostate cancer un-

derwent more inappropriate imaging (44.4%) than those with
breast cancer (41.8%), but those with breast cancer under-
went PET scans more often (7.0% vs 0.3%) (Figure 1). The
weighted Pearson coefficient for HRR-level age-standardized
inappropriate prostate and breast cancer imaging rates was 0.35
(P < .01) (Figure 2). Additionally, we found that both HRR-
level CT scan use and HRR-level bone scan use across pros-
tate and breast cancers were positively correlated (Pearson co-
efficients of 0.27 [P = .01] and 0.19 [P = .09], respectively).

In the unadjusted model at the patient level, a man with
low-risk prostate cancer had higher odds of undergoing inap-
propriate imaging if he lived in an HRR with higher inappro-

Table 1. Characteristics of Medicare Beneficiaries With Incident, Low-Risk Prostate or Breast Cancer

Characteristic

Prostate Cancer Breast Cancer

No. (%) Imaged, % No. (%) Imaged, %
Total 9219 44.4 30 398 41.8

Age, y

67-69 2535 (27.5) 42.3 5340 (17.6) 44.3

70-74 3648 (39.6) 44.4 8175 (26.9) 43.3

75-79 2222 (24.1) 45.7 7608 (25.0) 41.7

80-84 681 (7.4) 48.9 5709 (18.8) 40.1

85-94 133 (1.4) 42.1 3566 (11.7) 37.1

Race

White 7848 (85.1) 44.2 27 093 (89.1) 41.7

Black 758 (8.2) 45.9 1888 (6.2) 44.2

Other 613 (6.7) 45.2 1417 (4.7) 39.9

Year of diagnosis

2004 2233 (24.2) 43.8 7750 (25.5) 40.1

2005 2241 (24.3) 44.6 7691 (25.3) 41.3

2006 2406 (26.1) 44.6 7417 (24.4) 42.2

2007 2339 (25.4) 44.7 7540 (24.8) 43.5

Median household income, $

<33 000 1630 (17.7) 42.2 5616 (18.5) 42.5

33 000-40 000 1180 (12.8) 44.7 4247 (14.0) 39.6

40 000-50 000 1695 (18.4) 43.2 6258 (20.6) 41.0

50 000-63 000 1831 (19.9) 44.4 6246 (20.6) 42.8

>63 000 2883 (31.3) 46.3 8031 (26.4) 42.1

Marital status

Married 6809 (73.9) 44.0 13 415 (44.1) 42.1

Not married 1602 (17.4) 46.5 15 799 (52.0) 41.8

Unknown 808 (8.8) 43.9 1184 (3.9) 37.3

Comorbid conditions, No.

0 4976 (54.0) 40.8 13 679 (45.0) 38.4

1-2 3307 (35.9) 48.2 11 971 (39.4) 42.3

≥3 936 (10.2) 50.3 4748 (15.6) 50.1

Quartile of prostate or
breast imaging ratea

1 (Lowest) 1784 (19.4) 34.2 5460 (18.0) 38.1

2 1847 (20.0) 44.6 8110 (26.7) 38.4

3 3200 (34.7) 41.1 9796 (32.2) 43.8

4 (Highest) 2388 (25.9) 56.4 7032 (23.1) 45.7

Acute care hospital beds per 1000
HRR residents, mean No. (IQR)

2.1 (1.9-2.5) NA 2.1 (1.8-2.5) NA

Radiologist density per 100 000
HRR residents

8.6 (7.4-10.8) NA 8.6 (7.4-10.8) NA

Herfindahl indexb 0.07 (0.03-0.2) NA 0.01 (0.004-0.03) NA

Abbreviations: HRR, hospital referral
region; IQR, interquartile range;
NA, not applicable.
a Prostate imaging as a function of

breast imaging quartile (Prostate
columns) or breast imaging as a
function of prostate imaging
quartile (Breast columns).

b Index calculation is restricted to
9086 patients who lived in an HRR
in which there was at least 1 hospital
that performed prostatectomy on a
patient in the sample.
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priate breast cancer imaging (Table 2; P = .01). In the multi-
variable model, the inappropriate imaging rates for these 2
cancers remained independently associated. A man with
low-risk prostate cancer underwent inappropriate imaging
56.4%, 41.1%, 44.6%, and 34.2% of the time if he lived in the
fourth, third, second, and first quartiles, respectively, of
HRR-level inappropriate breast cancer imaging; this relation-
ship between HRR-level rising percentages of prostate cancer
imaging as a function of higher quartile of breast cancer
imaging is depicted in Figure 1. Adjusted for age, comorbid-
ity, and regional number of hospital beds, a man with low-

risk prostate cancer had odds ratios (95% CIs) of 1.72 (1.12-
2.65), 1.19 (0.78-1.81), and 1.76 (1.15-2.70) if he lived in the
fourth, third, and second quartiles, respectively, of inappro-
priate breast cancer imaging, compared with the lowest quar-
tile. Race, year of diagnosis, median household income,
marital status, radiologist density, or HI were not signifi-
cantly associated with inappropriate prostate cancer
imaging. The association between patient-level inappropriate
breast cancer imaging as a function of HRR-level inappropri-
ate prostate cancer imaging remained positive but was not
statistically significant (Table 3).

Figure 2. Regional-Level Inappropriate Prostate Cancer Imaging by Regional-Level Inappropriate
Breast Cancer Imaging
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Figure 1. Medicare Beneficiaries Who Received Inappropriate Imaging Tests by HRR Quartile
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Discussion

We found that inappropriate imaging for both low-risk pros-
tate and low-risk breast cancers was quite common in the
pre–Choosing Wisely era. This suggests that Choosing Wisely
was appropriately focused on these as important cancer care
delivery problems. Furthermore, we found a positive asso-
ciation between regional-level inappropriate imaging for
prostate and breast cancers. Consistent with this finding,
both HRR-level CT and bone scan use were positively associ-

ated across cancer types. Patients with breast cancer were
more likely to undergo resource-intensive imaging than
those with prostate cancer. Regional-level breast cancer
imaging rates more strongly influenced patient-level pros-
tate cancer imaging (statistically significant) than vice versa
(positive association, but not significant). This suggests that
regions with higher rates of inappropriate breast cancer
imaging may have infrastructure (ie, access to PET) or cul-
ture promoting imaging. Regions where prostate cancers
were imaged frequently may not necessarily perform all
imaging frequently, perhaps because the equipment for

Table 2. Risk of Inappropriate Prostate Cancer Imaging by Regional and Demographic Characteristics
Determined Using Logistic Regression

Characteristic

Risk of Inappropriate Prostate Cancer Imaging

Unadjusted Multivariable

OR (95% CI) P Value OR (95% CI) P Value
Age, y

67-69 1 [Reference]

.15

1 [Reference]

.30

70-74 1.07 (0.96-1.19) 1.05 (0.95-1.17)

75-79 1.10 (0.98-1.24) 1.08 (0.95-1.21)

80-84 1.24 (1.04-1.48) 1.19 (0.99-1.42)

85-94 0.95 (0.65-1.37) 0.88 (0.61-1.28)

Race

White 1 [Reference]

.35

NA

NABlack 0.89 (0.75-1.04) NA

Other 0.99 (0.82-1.19) NA

Year of diagnosis

2004 1 [Reference]

.99

NA

NA
2005 0.99 (0.87-1.12) NA

2006 1.00 (0.89-1.13) NA

2007 1.00 (0.89-1.13) NA

Median household income, $

<33 000 1 [Reference]

.88

NA

NA

33 000-40 000 1.06 (0.90-1.25) NA

40 000-50 000 0.99 (0.85-1.16) NA

50 000-63 000 0.98 (0.84-1.14) NA

>63 000 0.98 (0.84-1.14) NA

Marital status

Married 1 [Reference]

.66

NA

NANot married 1.05 (0.94-1.18) NA

Unknown 0.99 (0.84-1.16) NA

Comorbid conditions, No.

0 1 [Reference]

<.001

1 [Reference]

<.0011-2 1.28 (1.16-1.40) 1.27 (1.16-1.39)

≥3 1.32 (1.14-1.52) 1.30 (1.12-1.50)

Quartile of breast imaging rate

1 (Lowest) 1 [Reference]

.01

1 [Reference]

.02
2 1.74 (1.12-2.70) 1.76 (1.15-2.70)

3 1.18 (0.77-1.82) 1.19 (0.78-1.81)

4 (Highest) 1.90 (1.22-2.94) 1.72 (1.12-2.65)

Acute care hospital beds per 1000
HRR residents

1.38 (1.09-1.76) .01 1.32 (1.04-1.66) .02

Radiologist density per 100 000
HRR residents

1.04 (0.96-1.1)2 .39 NA NA

Herfindahl indexa 1.05 (0.998-1.10) .06 NA NA

Abbreviations: HRR, hospital referral
region; OR, odd ratio.
a Model is restricted to 9086 patients

who lived in an HRR in which there
was at least 1 hospital that
performed prostatectomy on a
patient in the sample.
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prostate cancer imaging is less specialized than that for
breast cancer. Additionally, while regional-level imaging
rates are associated, the patient-level prostate model dem-
onstrates an inconsistent increase in prostate cancer imaging
through the higher quartiles of breast cancer imaging. It is
possible that the major prostate imaging division may come
between the lowest quartile of breast cancer imaging and all
of the other quartiles. This merits further exploration in sub-
sequent research.

Our findings suggest that practice patterns may be a func-
tion of local propensities for health care utilization. This is a

novel finding with great relevance to cancer policy. As pa-
tients with prostate cancer and breast cancer are a nonover-
lapping cohort treated by nonoverlapping specialists, an as-
sociation of inappropriate imaging between them suggests that
regional culture and infrastructure contribute to health care
utilization patterns across diseases. This finding is highly rel-
evant for ASCO, since reduction of inappropriate prostate and
breast cancer imaging are 2 of its Top Five priorities. Efforts
to address inappropriate imaging must influence common lo-
cal health system factors contributing to inappropriate imaging
across provider types.

Table 3. Risk of Inappropriate Breast Cancer Imaging by Regional and Demographic Characteristics Determined
Using Logistic Regression

Characteristic

Risk of Inappropriate Breast Cancer Imaging

Unadjusted Multivariable

OR (95% CI) P Value OR (95% CI) P Value
Age, y

67-69 1 [Reference]

<.001

1 [Reference]

<.001

70-74 0.95 (0.88-1.02) 0.93 (0.87-1.00)

75-79 0.89 (0.83-0.96) 0.86 (0.80-0.92)

80-84 0.83 (0.77-0.90) 0.78 (0.73-0.85)

85-94 0.75 (0.68-0.82) 0.69 (0.63-0.75)

Race

White 1 [Reference]

.45

NA

NABlack 1.06 (0.96-1.17) NA

Other 0.96 (0.85-1.09) NA

Year of diagnosis

2004 1 [Reference]

<.001

1 [Reference]

.001
2005 1.05 (0.98-1.12) 1.04 (0.97-1.11)

2006 1.08 (1.01-1.15) 1.08 (1.01-1.15)

2007 1.15 (1.08-1.23) 1.14 (1.07-1.22)

Median household income, $

<33 000 1 [Reference]

.59

NA

NA

33 000-40 000 0.97 (0.89-1.06) NA

40 000-50 000 0.99 (0.91-1.07) NA

50 000-63 000 1.03 (0.95-1.12) NA

>63 000 0.99 (0.91-1.07) NA

Marital status

Married 1 [Reference]

<.001

1 [Reference]

<.001Not married 0.97 (0.92-1.02) 0.99 (0.94-1.04)

Unknown 0.72 (0.64-0.82) 0.73 (0.64-0.83)

Comorbid conditions, No.

0 1 [Reference]

<.001

1 [Reference]

<.0011-2 1.16 (1.10-1.22) 1.19 (1.13-1.25)

≥3 1.55 (1.45-1.66) 1.63 (1.52-1.75)

Quartile of prostate imaging rate

1 (Lowest) 1 [Reference]

.22

1 [Reference]

.27
2 1.05 (0.80-1.39) 1.06 (0.81-1.38)

3 1.30 (0.99-1.71) 1.28 (0.98-1.68)

4 (Highest) 1.19 (0.90-1.57) 1.17 (0.89-1.54)

Acute care hospital beds
per 1000 HRR residents

1.13 (0.97-1.31) .11 NA NA

Radiologist density per
100 000 HRR residents

1.02 (0.98-1.07) .33 NA NA

Herfindahl index 1.09 (0.93-1.28) .31 NA NA Abbreviations: HRR, hospital referral
region; OR, odds ratio.
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The association between regional variation and appropriate-
ness of care is poorly understood. A recent systematic review
foundonly5reviewablearticlesandconcludedinappropriateuti-
lization may not drive regional variation in the intensity or the
cost of care.20 Other literature suggests that higher regional uti-
lization of tests such as PSA, though not costly themselves, is as-
sociated with greater overall health care spending, greater care
fragmentation, and more aggressive end-of-life care.34,35 Our
study suggests that regions may have inherent characteristics,
over and above market structure and competition, underlying
health care decisions across diseases. Future work should fur-
ther characterize determinates of these regional tendencies.

This study’s findings stand in contrast to the IOM’s posi-
tion that individual-level decisions, rather than geography, drive
regional health care spending variation. Rather, our findings are
consistent with other recent publications suggesting that re-
gional patterns do influence health care utilization.24,36 For in-
stance, research recently describing the thermostat model27 (ie,
regions with higher appropriate use will tend to have higher in-
appropriate use and vice versa) suggests that regions have in-
herent propensities to use health resources; but these regional
effects have been thus far been explored only in single disease
systems. Ko and colleagues36 observed that regions with higher
cardiac catheterization rates performed more catheterizations
among all patients, not only among those who needed
catheterization.36 Our research group27 described a regional-
level association between appropriate imaging in high-risk pros-
tate cancer and inappropriate imaging in low-risk cancer, di-
rectly demonstrating the thermostat model. Other studies have
explored the unintended consequences of policy efforts to de-
crease inappropriate utilization.22,37 As predicted by the ther-
mostat model, decreases in inappropriate utilization are ac-
companied by decreases in appropriate utilization because the
2 are associated. The findings of the present study build on prior
work by demonstrating that regional factors may contribute to
imaging utilization even among different diseases, a novel ob-
servation. Understanding the common factors affecting re-
gional cancer care—even factors working across distinct types
of cancer—can help reveal the underpinnings of the thermo-
stat model and may help guide the development of efficient
policy solutions for decreasing inappropriate utilization.

Our study has important strengths. We used SEER-
Medicare data to examine a large, population-based cohort of
patients with prostate or breast cancer. This comprehensive
resource permitted the novel, simultaneous study of 2 dis-
eases affecting nonoverlapping cohorts, allowing us to dem-
onstrate the similarity of imaging patterns in both. Rather than
choosing arbitrary appropriateness criteria and facing the chal-
lenge of determining their compatibility across diseases, we
defined appropriateness based on ASCO’s Choosing Wisely cri-
teria. Framing inappropriate imaging around Choosing Wisely
criteria ensures that our findings will be relevant for policy mak-
ers, clinicians, and patients seeking definitions of optimal care.
However, ASCO’s Top Five list makes no mention of other po-
tentially inappropriate imaging modalities, such as magnetic
resonance imaging. Our analysis, therefore, almost certainly
underestimates the degree of inappropriate imaging occur-
ring in clinical practice.

Our study is limited because it uses retrospective, cross-
sectional data. We were unable to determine long-term time
trends in imaging because SEER only begins reporting PSA
data in 2004, making it impossible to adequately determine
prostate cancer risk in prior cohorts. Additionally, we did not
include patients diagnosed after 2007. We acknowledge our
data’s age and emphasize that our study focuses on the dis-
covery of an association between inappropriate imaging in
prostate cancer and breast cancer; this finding is not influ-
enced by our data’s age. Our findings confirm the insights of
the thought leaders who chose to highlight inappropriate
cancer imaging through Choosing Wisely by demonstrating
the extent of inappropriate imaging and showing how inap-
propriate imaging is concentrated among certain high-use
regions, across diseases.

Our data limitations also restrict our ability to determine
the causes of this regional association in inappropriate imaging.
There was no comprehensive set of potentially confounding
regional-level covariates and no qualitative data from physi-
cians and patients that might explain the association. We were
unable to determine whether any of the patients had symp-
toms attributable to advanced cancer, which might have
prompted imaging.

Finally, the definitions for low-risk disease, though deter-
mined by a panel of expert clinicians and based on an abun-
dance of clinical research, are potentially not known by or rel-
evant to practicing clinicians and patients making the decisions
in the community. This study should be repeated with data col-
lected after the announcement of the ASCO Top Five list to de-
termine whether inappropriate imaging rates have changed.
It is unclear whether a Top Five list provides sufficient pa-
tient education or incentive to empower the patient to ques-
tion the physician’s decision making, particularly during a time
of high anxiety and stress.

Conclusions
We observed a regional-level association in the rates of inap-
propriate imaging of Medicare beneficiaries with low-risk pros-
tate cancer and low-risk breast cancer. Our findings suggest
that, contrary to the position of the IOM, regional-level fac-
tors may be important in determining utilization of health care
resources. Therefore, researchers and policy makers should
work to institute policy changes to improve quality of care and
reduce health care spending in high-utilization areas in addi-
tion to focusing efforts on individual decision makers. Poten-
tial policy interventions might include formal educational pro-
grams to teach practitioners about specific guidelines, payment
policies to reward appropriate care and penalize inappropri-
ate care, and the design and implementation of clinical deci-
sion aids and support tools. Further research should be con-
ducted to determine the causes of regional patterns of
inappropriate imaging. Such research, including an evalua-
tion of the clinicians and institutions performing these tests,
might help optimize policy interventions aimed at improving
the quality and lowering the cost of health care without de-
creasing access to care for those who need it.
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Invited Commentary

Diagnostic Imaging Use for Patients With Cancer
Opportunities to Enhance Value
Samuel Swisher-McClure, MD, MSHP; Justin Bekelman, MD

Geographic variation in Medicare spending has been exten-
sively studied over the past 40 years, most notably by research-
ers at the Dartmouth Institute for Health Policy and Clinical
Practice. Medicare spending varies substantially across hos-

pital referral regions (HRRs),
even after differences in pa-
tient case mix are adjusted
for, and additional spending

does not appear to improve health outcomes for beneficia-
ries, nor is it associated with higher care quality.1,2 These data
collectively have led many to conclude that there is wasteful
health care spending within Medicare that could be reduced
through policy interventions aimed at reducing excessive prac-
tice variation in high-spending geographic areas.

The Choosing Wisely campaign sponsored by the Ameri-
can Board of Internal Medicine Foundation and Consumer Re-
ports encourages clinicians, patients, and other health care
stakeholders to more carefully consider the value of recom-
mended care with the goal of reducing overuse of low-value
care. Low-value imaging tests that are unlikely to affect clini-
cal decisions are a prime target of the campaign. The article
by Makarov et al3 in this issue of JAMA Oncology highlights 2
relevant examples by examining patterns of care associated
with the use of staging imaging in a cohort of patients diag-
nosed with favorable-prognosis cancers of the breast and pros-
tate. Consistent with prior studies, the authors demonstrate
substantial overuse of imaging in these 2 patient popula-
tions. Overall, approximately 40% of patients underwent

imaging tests (eg, computed tomography scans, bone scans,
or positron emission tomography–computed tomography
scans) during the initial period following their cancer diagno-
sis. Such tests are unlikely to demonstrate any evidence of
metastatic spread, and they subject the patients to risk of harm
due to radiation exposure and false positive results that prompt
additional invasive testing. The financial costs of unneces-
sary imaging in this patient population are substantial, and so
eliminating it represents an opportunity for significant cost sav-
ings while maintaining cancer care quality.

The article by Makarov et al3 adds to a large body of litera-
ture demonstrating significant associations between geogra-
phy and variations in health care utilization. Most notably, the
study extends current understanding by demonstrating that
regions with high imaging rates for favorable-risk breast can-
cer were significantly likely to also have high imaging rates of
for favorable-risk prostate cancer, and, to a lesser extent, vice
versa. These observed regional-level associations across dis-
ease regions provide further evidence to suggest that factors
within an HRR drive variations in health care utilization re-
gardless of clinical context.

However, it is important to distinguish the authors’ find-
ings indicating inappropriate use of low-value care from the
related but distinct issue of excess geographic variation in
health care utilization. Although the existence of excess varia-
tion in health care spending without improvement in patient
outcomes suggests that inappropriate utilization may be a pri-
mary explanatory factor, prior studies have indicated that only
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