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Abstract
INTRODUCTION—Guidelines for breast cancer staging exist, but adherence remains unknown.
This study evaluates patterns of imaging in early-stage breast cancer usually reserved for advanced
disease.

METHODS—Surveillance Epidemiology and End Results data linked to Medicare claims from
1992–2005 were reviewed for stage I/II breast cancer patients. Claims were searched for
preoperative performance of CT, PET, and bone scans, and brain MRIs (“advanced imaging”).

RESULTS—There were 67,874 stage I/II breast cancer patients; 18.8% (n=12,740) had
preoperative advanced imaging. The proportion of patients having CTs, PET scans and brain
MRIs increased from 5.7% to 12.4% (p<0.0001), 0.8% to 3.4% (p<0.0001) and 0.2% to 1.1%
(p=0.008), respectively, from 1992–2005. Bone scans declined from 20.1% to 10.7% (p<0.0001).
“Breast cancer” (174.x) was the only diagnosis code associated with 62.1% of PET scans, 37.7%
of bone scans, 24.2% of CTs, and 5.1% of brain MRIs. ≥1 symptom or metastatic site was
suggested for 19.6% of bone scans, 13.0% of CTs, 13.0% of PET scans and 6.2% of brain MRIs.
Factors associated (p<0.05) with use of all modalities were urban setting, breast MRI and
ultrasound. Breast MRI was the strongest predictor (p<0.0001) of bone scan (OR1.63, 95%CI
1.44–1.86), Brain MRI (OR1.74, 95%CI 1.15–2.63), CT (OR2.42, 95%CI 2.12–2.76), and PET
(OR5.71, 95%CI 4.52–7.22).

CONCLUSION—Aside from bone scans, performance of advanced imaging is increasing in
early-stage Medicare breast cancer patients, with limited rationale provided by coded diagnoses.
In light of existing guidelines and increasing scrutiny about healthcare costs, greater reinforcement
of current indications is warranted.

INTRODUCTION
It is estimated that in 2011, there will be 210,000 – 230,480 women in the United States who
will be diagnosed with breast cancer.1 Between 2001 and 2007, 60% of patients had disease

§Corresponding Author. Richard J. Bleicher, MD, Fox Chase Cancer Center, 333 Cottman Avenue, Philadelphia, PA 19111, (215)
728-2596 Voice, (215) 728-2773 Facsimile, richard.bleicher@fccc.edu.

The authors declare no conflicts of interest.

Presented, in part, at the Society of Surgical Oncology 2012 Annual Meeting, March 21–24, Orlando, FL

NIH Public Access
Author Manuscript
Ann Surg Oncol. Author manuscript; available in PMC 2014 February 13.

Published in final edited form as:
Ann Surg Oncol. 2013 January ; 20(1): 102–110. doi:10.1245/s10434-012-2571-4.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



confined to the breast and 33% had disease spread to regional lymph nodes at diagnosis.
Only 5% had distant metastases at their time of diagnosis with the remaining 2% of patients
unstaged.2

The indications for imaging in stage I or II breast cancer have been enumerated in the
National Comprehensive Cancer Network® Guidelines, including CT, PET and bone scans,
and brain MRIs.3 Outside of a complete history and physical examination, a CBC, platelets,
liver function tests, and alkaline phosphatase are the only studies recommended. If the
patient has abnormal blood work or a specific symptom or sign on examination, staging
studies should be performed to investigate further. In an asymptomatic patient, CT of the
abdomen and pelvis, PET scan, bone scan, and brain MRI are not felt to be indicated.

While these guidelines are very specific, adherence on a national level is unknown. With
healthcare costs on the rise and resources waning, physicians will likely be under greater
scrutiny to provide justification for expensive studies. This is particularly likely as
metastatic disease is rarely found in patients clinically judged to have early stage breast
cancer.4 This study was performed to evaluate patterns of imaging in early stage breast
cancer that is usually reserved for advanced stage disease and to discern whether the claims
suggest, via the diagnosis codes, that these studies were consistent with national guidelines.

METHODS
Data were derived from Medicare claims linked to the National Cancer Institute’s
Surveillance Epidemiology and End Results (SEER) database with approval of the National
Cancer Institute.5 Patients included had breast cancer diagnosed at ≥65 years of age between
1992 and 2005. All patients had cancer-directed surgery and were not enrolled in an HMO,
having Medicare parts A and B, to provide a low likelihood of missing data. Patients were
excluded if they had American Joint Committee on Cancer Stage 0, III, or IV disease, were
of unknown stage, their first physician encounter or therapy date were unknown, or did not
have standard therapy on one operative date (i.e. a simultaneous breast and nodal staging
procedure), making the preoperative interval indeterminate. Patients having preoperative
radiotherapy or chemotherapy, or those having treatment in unknown order were excluded.

Claims were searched for performance of “advanced imaging” in the preoperative interval,
defined as computerized tomography (CT), brain magnetic resonance imaging (MRI), bone
scans, and positron emission tomography (PET). The start of the preoperative interval was
defined by the first physician encounter having a breast-related diagnosis code <1 year
before surgery. The end of the preoperative interval was the date on which a breast excision
or mastectomy was performed simultaneously with nodal staging. As procedure codes for
excisional biopsies and lumpectomies are sometimes used interchangeably, this allowed
inference of therapeutic intent from the concurrent nodal procedure. “Early stage” here
refers to AJCC Stage I or II.

Claims were searched for the Current Procedural Terminology (CPT) codes and
International Classification of Diseases, Revision 9 (ICD-9) procedure codes listed in Table
1. Physician claims were searched first, supplemented by outpatient and inpatient hospital
claims. If conflicts arose between CPT codes and ICD-9 procedure codes, whose
descriptions are less specific, CPT data were preferentially used. Conflicts between
physician and outpatient hospital claims utilized physician claims. ICD-9 diagnosis codes
associated with each imaging study were also reviewed.

Stage-specific estimates of advanced imaging use by year of diagnosis were determined as
the proportion of cases with at least one claim in the pre-operative interval. Trends were
evaluated with the Cochran-Armitage test. Multivariable logistic regression was used for
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inferences about the relationship of advanced imaging use with predictive factors including
patient demographics, tumor characteristics, and standard imaging. Predictors were included
as categorical variables, and odds ratios reported relative to the reference level. Per NCI
privacy requirements, groups involving fewer than 11 patients may not be detailed due to
privacy concerns and were listed as <11. Statistical significance was set at p=0.05 (two-
sided). Analyses were performed using SAS software, version 9.2 (SAS Institute) and Stata
software, release 12 (StataCorp 2011).

RESULTS
Between 1992 and 2005, there were 67,874 SEER-Medicare stage I and II breast cancer
patients. Cohort characteristics are listed in Table 2. The majority of patients were female
(99.1%), Caucasian (89.5%), and lived in metropolitan areas (84.4%). Ductal histology was
most common (86.7%) and most patients had either estrogen or progesterone receptor-
positive tumors (73.5%). The patient population was closely divided between stage I
(57.7%) and II (42.3%) breast cancer.

The advanced imaging trends performed in the preoperative interval over the study period
demonstrated that 6,415 patients (9.5%) received ≥1 CT scan with patients receiving a CT
scan increasing from 5.7% (n=201) in 1992 to 12.4% (n=831) in 2005 (trend, p<0.0001).
The total number of patients having ≥1 PET scan was 706 (1.0%), increasing from 0.8%
(n=27) to 3.4% (n=229) during the study period (trend, p<0.0001). There were 500 patients
(0.7%) having ≥1 brain MRI with the proportion increasing from <11 to 1.1% (n=73) (trend
p<0.008). There were 9,446 patients (13.9%) undergoing a bone scan, with those receiving
≥1 bone scan declining from 20.1% (n=704) in 1992 to 10.7% (n=716) in 2005 (trend,
p<0.0001) as illustrated in Figure 1.

Diagnosis codes were reviewed to see if they provided rationale, suggesting that there was
guidance offered to the radiologist performing the studies (Table 4). Among 783 claims for
PET scans between 1992 and 2005, 62.1% (n=486) had a diagnosis code for “breast cancer”
(174.x) as the only code used on the claim. Only 13.0% (n=92) of patients had ≥1 sign or
symptom (such as abdominal pain, abnormal physical finding or abnormal lab value) listed
on their claim as a reason for the study. There were 10,100 bone scan claims during the
period of study. Of those, 37.7% (n=3,808) had “breast cancer” as the only diagnosis code
given. Only 19.6% (n=1853) of patients had a sign or symptom consistent with NCCN
guidelines (such as bone pain, joint pain or abnormal lab value) listed on the claim. During
the study period, there were 12,862 CT scans performed with 24.2% (n=3,106) having
“breast cancer” as the only diagnosis code provided. Only 13.0% (n=834) of patients had a
diagnosis code supportive of guidelines appended to their CT scan claims. There were 552
brain MRIs performed from 1992 to 2005, and only 5.1% (n=28) had “breast cancer” as the
sole diagnosis code given, with 6.2% (n=31) of patients having a neurological sign or
symptom indicated on the claim as the reason for the study.

Several factors significantly predicted advanced imaging use, as listed in Table 2, and three
factors predicted the use of all four advanced imaging modalities: urban or rural setting,
whether the patient underwent a breast MRI, and whether they had a breast ultrasound. If a
patient was from a big metropolitan area (population ≥1,000,000) as versus a rural setting,
they were more likely to have advanced imaging. (Table 3) The strongest predictor of
preoperative advanced imaging was breast MRI, as illustrated by the odds ratio estimates. If
a patient underwent a breast MRI, they were 1.63 times as likely to receive a bone scan, 1.74
times as likely to receive a brain MRI, 2.42 times as likely to have a CT scan and 5.71 times
as likely to have a PET scan, when compared with those who did not undergo a breast MRI
(Table 3).
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Histology and mammography were correlated with use of CT scans, bone scans and brain
MRIs. Patients were more likely to have advanced imaging if their cancer was of lobular
histology and they had a mammogram in the preoperative interval. Among those not having
a mammogram in the preoperative interval, an additional 49.4% (n=33,559) patients had a
mammogram before the preoperative interval, bringing the total to 96.1%. Stage was
significant for use of CT scans, bone scans and PET scans in the preoperative interval, with
stage II patients receiving these tests more frequently than stage I patients (Table 2).

Tumor grade and receptor status also predicted two imaging modalities. Patients having
poorly differentiated tumors were more likely to receive bone or PET scans than those
having well-differentiated tumors. Patients with estrogen and progesterone receptor-negative
tumors were also more likely to undergo a bone or PET scan than patients having receptor-
positive tumors. Race was a significant predictor of bone scan and CT scan use, with Black
or Asian patients having more advanced imaging than Whites (Table 2).

DISCUSSION
We have found that, although the overall rate of preoperative advanced imaging for the
early-stage Medicare breast cancer patient is low, aside from bone scans, use is increasing.
The percentage of patients receiving CT scans more than doubled from 1992 to 2005, while
there was a 4-fold increase in patients receiving PET scans and 5-fold increase in brain
MRIs. PET scan use was low prior to its FDA approval in 1997 but began markedly
increasing after 2001 when approved by the Medicare Coverage Advisory Committee
(Figure 1).6 Conversely, there were half as many patients receiving bone scans in 2005 as in
1992.

Factors predicting advanced imaging use included a higher likelihood in patients from large
population centers, which may also reflect the setting of the clinician ordering the study.
This is not surprising since larger hospitals and cancer centers are more likely to be located
in more populated areas, where concentrated resources and access to more advanced
imaging technologies may exist. While one could argue that larger, possibly academic,
centers should be the most knowledgeable about current guidelines, easy access to
technology and patient demand in these settings may encourage use of these additional tests.
Although this should not theoretically enter into decision making, concern about litigation
may reinforce such patient demands, especially among surgeons who are frequent targets of
malpractice lawsuits7 and radiologists who overestimate their risk of being sued.8

Interestingly, patients who had a breast MRI were more likely to have advanced imaging
performed. Although this association existed when adjusting for urban/rural setting, this may
support the notion that practitioners having greater access to imaging resources (regardless
of urban/rural setting), use it more liberally. Pre-operative breast MRI has been associated
with tumor size overestimation and false positive results leading to unnecessary biopsies.
Not only does MRI result in downstream tests such as second-look ultrasounds9 and short-
term follow up MRIs10, but with an 8–40% incidence of occult lesions seen solely on breast
MRI,11 such findings might prompt concern that distant occult lesions exist as well. If a
physician has a sufficiently low threshold to order a breast MRI when it may have marginal
benefit, the same low threshold may apply to use of advanced imaging. While the specific
reasons for the association cannot be determined, imaging overuse is of great importance in
light of the increasing proportion of total costs that imaging studies account for in breast
cancer patients.20

Patients with lobular histology and those with receptor-negative tumors were more likely to
undergo advanced imaging, although not all four modalities. Lobular carcinoma can be more
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difficult to detect and is often found at a later stage than ductal carcinoma.12 While the
survival rates for these are identical, the later presentation may also account for the
associated use of advanced imaging. While estrogen receptor-positive tumors are often
thought to have a better prognosis, this is controversial13 and tumor phenotype (triple
negative, luminal, etc.), not available from this data, may also correlate to imaging use. It
must be noted, however, that while these factors were associated with certain modalities,
there was little clinical difference, as illustrated by the odds ratios in Table 3. We also noted
that, outside of bone scans, age was not a determinant of advanced imaging. This is
surprising as the patient ages receiving such studies were distributed well into their 80s, and
the benefit conferred in this older population remains unclear.

Stage II patients were more likely to have a bone, CT, or PET scan when compared with
Stage I patients. While the likelihood of finding metastatic disease for stage II patients is
slightly higher than stage I, it remains low.4,14,15 Gerber et al evaluated tumor size and
nodal status for their associations with occult metastases.16 In this study of 1,076 patients,
distant metastases were only found with 1.6% and 3.0% of T1 and T2 tumors, respectively.
They also found that only 1.9% and 1.8% of patients with N0 and N1 disease, respectively,
had distant metastases. In our study, overall stage was used and this data should be
applicable to our results. As clinical stage cannot be assessed by SEER (or Medicare) data
and only final pathologic stage is recorded, it remains unclear how many patients may have
been judged preoperatively as having a more advanced clinical stage until these studies were
performed.

When reviewing the diagnosis codes for all four advanced imaging modalities, only a
minority of patients had a sign or symptom of metastatic disease indicated. There is little
published data on what percentage of early stage breast cancer patients present with signs or
symptoms of metastatic disease, but many studies have investigated the utility of advanced
imaging. A systematic review by Myers et al evaluated rates of distant metastases found by
staging studies in asymptomatic breast cancer patients.14 Bone scans detected skeletal
metastases in only 0.5% of women with stage I breast cancer; 2.4% of stage II, and 8.3% of
stage III disease. Similarly, they found that routine liver ultrasound detected liver metastases
in 0% of stage I, 0.4% of stage II and 2.0% of stage III patients. Chest radiography also
detected very few lung metastases, at 0.1%, 0.2% and 1.7% in patients with stage I, II, and
III disease, respectively. They also noted false positive rates for these imaging modalities,
ranging from 0 to 66%, depending on the study, concluding that routine use of staging
studies in stage I and II breast cancer patients is not indicated.

Brennan et al performed a meta-analysis evaluating the prevalence of distant metastases in
asymptomatic patients with breast cancer.4 The prevalence of distant metastases in stage I
patients ranged from 0 to 5.1% with a median of 0.2%. The prevalence of distant metastases
in stage II patients ranged from 0 to 34.3% with a median of 1.2%. Of note, one study
reported 34.3% of patients having distant metastases, but this study combined stage IIB and
III patients, limiting its relevance here.17 While multiple studies report that advanced
imaging has a very low yield in identifying distant metastases, we have found that in the
Medicare patient, use of these tests is on the rise with little rationale to support the increase.

As is standard for SEER-Medicare analyses, patients were excluded who were enrolled in an
HMO because such patients may not have complete claims information.18 Although the data
here are representative of the Medicare population, these trends may not be applicable to
either the privately insured or uninsured population. Breast cancer is a diagnosis of older
age19 (mean age of diagnosis 61) so the findings herein may represent a significant
proportion of breast cancer patients in the US. It must also be recognized that although the
diagnosis codes only supported current indications in a minority of claims, this may be the
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result of poor coding, and not reflect rationales provided on the actual imaging orders, which
are not available for review. The majority of claims listed a breast-related issue as the
primary diagnosis (e.g. 174.x “malignant breast neoplasm” or V10.3 “personal history of
malignant breast neoplasm”) or had a diagnosis that was not cancer related (e.g. V72.5
“Radiological examination, not elsewhere classified” or 401.9 “unspecified essential
hypertension”). While all imaging reviewed for this study occurred in the preoperative
interval, it is difficult to determine what was performed for staging as versus other medical
reasons. We feel that this is still problematic, however, as these codes provide the sole
justification for their use and reimbursement.

Unfortunately, the specialty of the physician ordering the studies (as versus performing
them) is not available in the SEER Medicare database, as it would be interesting to see
whether specialty, work experience, or patient volume correlated to imaging use. While we
may not be able to deduce the exact reason for the performance of these studies, it is clear
that the amount of imaging being done in Stage I and II breast cancer patients is increasing.
This study did not evaluate whether claims were denied, but the intent was to assess what is
being ordered, rather than what has been approved or denied by Medicare.

Finally, there may have been a larger number of patients deemed Stage I or II clinically in
the preoperative period who underwent imaging, among whom a proportion were found to
have metastases. Since only the final pathologic stage is recorded by SEER, these patients
would have been solely listed as Stage IV and excluded from this analysis. In that same
vein, changing sensitivities of the technology of these imaging modalities may also affect
the trends seen here.

The significance of our findings is, in part, related to healthcare costs that have been
increasing, especially amongst cancer patients. In a study of Medicare cancer patients, not
only was the amount of imaging per patient increasing, but the cost of imaging accounted
for an increasing proportion of all cancer costs over time.20 For breast cancer patients
specifically, the average total cost per patient increased 4.1% annually, from $23,549 to
$33,609 over the course of the study. The imaging costs per patient increased from $840 to
$1681, corresponding to an annual increase of 9.9%, more than double that of the total cost.
Our data provides one potentially contributing factor for these findings. With progressively
fewer healthcare resources per capita, greater justification will be required for tests that have
an outcome benefit. Meanwhile, reinforcement and better dissemination of indications for
advanced imaging in breast cancer patients should be pursued.
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Figure 1.
Imaging trends from 1992 to 2005. Panels represent: (A) CT Scans, (B) PET Scans, (C)
Brain MRIs, and (D) Bone Scans. In all panels, the x-axis represents the year and total
number of sample patients having stage I and II breast cancer in that year. For panel (B), the
thin arrow represents the year in which PET Scans were FDA approved for use in cancer
patients, while the thick arrow represents the year in which PET scans were approved by
Medicare for use in breast cancer patients specifically.
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TABLE 1

Current Procedural Terminology (CPT) codes and International Classification of Diseases, Revision 9 (ICD-9)
procedure codes for which SEER Medicare claims were searched

Simplified Imaging Modality
Description

CPT Codes ICD-9-CM Procedure Codes

Computed Tomography (CT) 70450, 70460, 70470, 70480–70482, 70486–70488,
70490–70492, 71250, 71260, 71270, 72125–72133,

72192–72194, 73200–73202, 73700–73702, 74150, 74160,
74170, 74176–74178, 76497

87.03, 87.41, 87.71, 88.01, 88.38

Positron emission tomography (PET) and
PET-CT

78811–78816, 78890, 78891, 78999, G0235, G0253,
G0254

92.11, 92.12, 92.18, 92.19

Bone scan 78300, 78305, 78306, 78315, 78399 92.14

Brain MRI 70551–70553 88.91
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Table 4

Most frequent diagnosis codes provided for the four advanced imaging modalities, deemed supportive and not
supportive of guideline indications. For example, “secondary malignant neoplasm of bone or bone marrow” as
an indication for a bone scan describes what the study is looking for (bone metastases), but not why the study
is being ordered; i.e. what symptom or sign elicits suspicion for that concern and justification for performance
of the study.

Top 5 Supportive Codes.  n represents number of imaging claims (not patient numbers).

CT Scan (n=12,860) PET Scan (n=783) Brain MRI (n=552) Bone Scan (n=10,100)

789
Abdominal pain,
unspecified site
(n=587)

786.5
Chest pain, unspecified
(n=33)

784
Headache
(n=71)

733.9
Disorder of bone and
cartilage, unspecified
(n=488)

573.8
Other specified disorders
of liver
(n=350)

786.09
Other respiratory abnormalities
(n<11)

780.4
Dizziness
(n=44)

724.2
Lumbago
(n=132)

785.6
Enlargement of lymph
nodes
(n=196)

786.05
Shortness of breath
(n<11)

436
Acute, but ill defined,
cerebrovascular disease
(n=32)

786.5
Chest pain, unspecified
(n=130)

793.1
Nonspecific (abnormal)
findings on radiological
and other examination of
lung
(n=193)

786.59
Other chest pain
(n<11)

331.9
Cerebral degeneration, unspecified
(n=28)

722.52
Degeneration of lumbar
or lumbosacral
intervertebral disc
(n=114)

786.5
Chest pain, unspecified
(n=191)

793.1
Nonspecific (abnormal) findings
on radiological and other
examination of lung
(n<11)

780.2
Syncope and collapse
(n=16)

724.5
Backache, unspecified
(n=111)

Top 5 Non-Supportive Codes. n represents number of imaging claims (not patient numbers).

CT Scan (n=12,860) PET Scan (n=783) Brain MRI (n=552) Bone Scan (n=10,100)

518.89
Other diseases of lung,
not elsewhere classified
(n=663)

611.72
Lump or mass in breast
(n=23)

437.1
Other generalized
ischemic
cerebrovascular disease
(n=26)

V72.5
Radiological examination,
not elsewhere classified
(n=822)

V72.5
Radiological
examination, not
elsewhere classified
(n=615)

794.31
Nonspecific abnormal electrocardiogram
(n=22)

V72.5
Radiological
examination, not
elsewhere classified
(n=25)

V10.3
Personal history of
malignant neoplasm of
breast
(n=467)

V10.3
Personal history of
malignant neoplasm of
breast
(n=590)

414.01
Coronary atherosclerosis of native coronary
artery
(n=17)

V10.3
Personal history of
malignant neoplasm of
breast
(n=20)

611.72
Lump or mass in breast
(n=453)

611.72
Lump or mass in breast
(n=585)

414
Coronary atherosclerosis of unspecified type
of vessel, native or graft
(n=14)

435.9
Unspecified transient
cerebral ischemia
(n=18)

198.5
Secondary malignant
neoplasm of bone and bone
marrow
(n=350)

786.6
Swelling, mass, or lump
on chest
(n=400)

V10.3
Personal history of malignant neoplasm of
breast
(n=14)

348.8
Brain conditions, not
elsewhere classified
(n=17)

V71.1
Observation for suspected
malignant neoplasm
(n=230)
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