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Preface
The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions and new
health care technologies and strategies. The EPCs systematically review the relevant scientific
literature on topics assigned to them by AHRQ and conduct additional analyses when
appropriate prior to developing their reports and assessments.
This EPC evidence report is a Technical Brief. A Technical Brief is a rapid report, typically
on an emerging medical technology, strategy or intervention. It provides an overview of key
issues related to the intervention—for example, current indications, relevant patient populations
and subgroups of interest, outcomes measured, and contextual factors that may affect decisions
regarding the intervention. Although Technical Briefs generally focus on interventions for which
there are limited published data and too few completed protocol-driven studies to support
definitive conclusions, the decision to request a Technical Brief is not solely based on the
availability of clinical studies. The goals of the Technical Brief are to provide an early objective
description of the state of the science, a potential framework for assessing the applications and
implications of the intervention, a summary of ongoing research, and information on future
research needs. In particular, through the Technical Brief, AHRQ hopes to gain insight on the
appropriate conceptual framework and critical issues that will inform future comparative
effectiveness research.
AHRQ expects that the EPC evidence reports and technology assessments will inform
individual health plans, providers, and purchasers as well as the health care system as a whole by
providing important information to help improve health care quality.
We welcome comments on this Technical Brief. They may be sent by mail to the Task Order
Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrq.hhs.gov.
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Imaging Techniques for Treatment Evaluation for
Metastatic Breast Cancer
Structured Abstract
Background. Although multiple imaging modalities to evaluate treatment response in patients
with metastatic breast cancer are used clinically, their comparative effectiveness has not been
determined.
Purpose. The purpose of this technical brief is to understand current utilization of metastatic
breast imaging modalities for treatment evaluation in the United States, both in order to
summarize the current state of the science and to inform future research on this topic.
Methods. We worked with Key Informants, including clinicians, patient advocates,
representatives from the device manufacturing industry, and a product purchaser. Additionally,
we searched gray and published literature from 2003 to 2013. We qualitatively synthesized the
information from the Key Informant interviews and the gray literature. From the published
literature, we abstracted data on the types of imaging used to evaluate treatment of metastatic
breast cancer.
Findings. We identified bone scan (scintigraphy), magnetic resonance imaging (MRI), computed
tomography (CT), and fluorodeoxyglucose-positron emission tomography (FDG-PET)/CT as the
major modalities used for treatment evaluation of metastatic breast cancer in the United States.
We also identified four types of imaging not commonly used currently that might become
important within the next decade: F-fluoromisonidazole-(F-FMISO) PET/CT, fluorothymidine
(FLT) PET/CT, fluoroestradiol-(FES) PET/CT, and PET/MRI. All published reports pertaining
to imaging evaluation of treatment response among metastatic breast cancer patients were limited
to small observational studies. A review of the published literature found that, in general, uptake
of tracers such as FDG in PET/CT scans is associated with tumor response as determined by
bone scans, MRI, or CT.
Conclusions. Literature pertaining to imaging evaluation of treatment response among
metastatic breast cancer patients was limited. An important potential advantage of FDG-PET/CT
over conventional imaging for assessing tumor response among metastatic breast cancer patients
is that it provides functional information regarding tumor metabolism in addition to information
on gross morphologic changes. While some early evidence suggests that the metabolic response
assessed by FDG-PET/CT after initial cycles of chemotherapy may be predictive of response to
treatment among metastatic breast cancer patients, more rigorous research is needed before
definitive conclusions can be reached. Future research efforts should focus on identifying novel
radiotracers and biomarkers that may clarify breast tumor biology, addressing the lack of
information on patient-centered outcomes (e.g., patient preferences) related to imaging, better
delineating clinical outcomes associated with treatment response identified by imaging (e.g.,
progression-free and overall survival), and determining the costs associated with frequent
imaging for treatment response.
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Background
Introduction
In spite of significant gains in detection and treatment, breast cancer continues to have a
broad impact in the United States, with an estimated 234,580 individuals with new diagnoses in
2013.1 About 33 percent of individuals with breast cancer diagnosed between 2001 and 2007 had
regional metastases, with a 5-year relative survival rate of 84 percent. Approximately 5 percent
were diagnosed with distant metastases, most commonly to the bones, lungs, liver, or brain, and
had a 5-year relative survival rate of only 23 percent.1
Several imaging modalities, including magnetic resonance imaging (MRI), computed
tomography (CT), positron emission tomography (PET), PET/CT, and bone scintigraphy, are
used to evaluate the effects of treatment for metastatic breast cancer.2 However, as outlined in
guidelines from the National Comprehensive Cancer Network and the National Institute for
Health and Clinical Excellence, evidence regarding the accuracy and effectiveness of these
modalities to evaluate treatment of metastatic breast cancer is lacking, even though the types and
results of imaging may strongly affect patient outcomes.2,3 Inappropriate use could lead to
overtreatment. For example, use of CT during treatment response monitoring may show
morphologic or size changes in the tumor in the setting of nonresponse, leading to continued
ineffective and potentially toxic chemotherapy. Alternatively, inappropriate use of imaging may
lead to undertreatment if foci of enlarging metastatic disease are not identified on CT and these
lead to disease progression. Furthermore, imaging modalities vary substantially in cost, ranging
in direct costs from about $250 for a bone scan to $1,114 for PET/CT,4,5 underscoring the need
to understand whether more expensive tests result in improved patient outcomes.

Current Practices in Imaging Metastatic Breast Cancer
In general, following diagnosis of metastatic breast cancer and initiation of treatment, women
receive imaging about every 2–4 months in order to determine whether their tumor burden is
improving. Since there are no reliable biomarkers to help determine response to treatment,
oncologists are currently reliant mostly on visual detection of gross changes seen on imaging to
guide treatment decisions. If imaging reveals that their cancer is progressing or is unchanged,
alternative treatment regimens may be pursued. Although metastatic breast cancer is not curable,
the goal of treatment is to prolong survival and reduce symptoms in order to maximize quality of
life. Health care providers generally rely on recommendations from professional societies such
as the National Comprehensive Cancer Network, the American Society for Clinical Oncology,
and the European Society for Medical Oncology to guide the use of imaging techniques to assess
treatment response in metastatic breast cancer. However, these recommendations are generally
based on data that are not specific to assessing treatment in the metastatic breast cancer
population. Current practice recommendations for managing metastatic breast cancer include
imaging of the chest, abdomen, and bone in addition to obtaining medical histories, physical
examinations, and relevant laboratory tests.6,7 The most commonly used imaging modalities for
treatment evaluation of metastatic breast cancer are chest/abdomen/pelvis CT and PET/CT.6,7 For
patients with bone-only metastases, bone scans are the most common imaging modality, with
supplemental use of CT, MRI, and/or PET/CT to evaluate localized symptoms.7,8
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Objective of This Technical Brief
Although multiple imaging modalities for treatment evaluation for metastatic breast cancer
are used clinically, their comparative effectiveness in terms of health outcomes, patient
satisfaction, and cost, has not been determined. The purpose of this technical brief is to
understand current imaging utilization, emerging technologies, research in progress, patient
values, and study design issues, in order to summarize the current state of the science and inform
future research in this area. We evaluated whether imaging technologies were utilized differently
among subpopulations and whether outcomes varied by subpopulations. We also evaluated the
potential role of novel biomarkers in imaging for treatment evaluation of metastatic breast
cancer. We combined information we obtained from published literature, gray literature, and Key
Informants in order to provide the context for appropriate comparative effectiveness studies on
imaging for treatment evaluation for metastatic breast cancer in the near future.

Guiding Questions
The questions below guided the data collection for this technical brief. Question 1 lays the
groundwork for the literature review by describing each of the imaging modalities currently in
use for treatment evaluation for metastatic breast cancer. We describe the accuracy, potential
benefits, and potential risks of each modality, including safety, costs, adverse effects, and other
issues. Question 2 provides the context for how each of the imaging modalities is currently used,
including U.S. Food and Drug Administration (FDA) approval status, need for additional
equipment (e.g., contrast agents), and, when possible, we describe reimbursement policies and
how commonly each modality is used for metastatic breast cancer treatment evaluation. Using
published studies and gray literature, Question 3 explores the state of the current research on the
use and safety of each imaging modality. Finally, in Question 4, we identify important issues
pertaining to metastatic breast cancer imaging, particularly areas of uncertainty surrounding
ethical, economic, and safety issues, as well as areas of research that we expect to be pursued in
the near future.

Guiding Question 1. Overview of Imaging Modalities Currently Used To
Evaluate Treatment of Metastatic Breast Cancer
•
•

What are the imaging modalities currently used for metastatic breast cancer treatment
evaluation in the United States?
What are the advantages, disadvantages, safety issues and relative costs of each
modality?

Guiding Question 2. Context in Which Imaging Modalities Are Currently
Used To Evaluate Treatment of Metastatic Breast Cancer
•
•
•

What modalities have received FDA approval?
What other resources (e.g., contrast agents, tracers) are commonly used with each
modality?
How commonly is each modality used?
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Guiding Question 3. Current Evidence for Each Imaging Modality
•

What published and unpublished studies have reported on the use and safety of each
modality?

Guiding Question 4. Important Issues and Future Directions of Metastatic
Breast Cancer Imaging for Treatment Evaluation
•
•
•
•

Given the current state of the science, what are the implications for future diffusion of the
imaging modalities for treatment evaluation of metastatic breast cancer?
What are the economic, ethical, and privacy considerations that impact the diffusion of
each imaging modality?
What are important areas of uncertainty for metastatic breast cancer imaging modalities?
What research questions would have the greatest individual and societal impact (e.g., in
terms of how imaging for treatment evaluation affects survival time, quality of life, and
health care utilization) for the population of women with metastatic breast cancer?
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Methods
Overview
This technical brief combined systemic literature review approaches with Internet searches
and Key Informant structured interviews and discussions.

Search Strategy
We first used broad search terms including Medical Subject Heading terms and key words
related to imaging, metastatic breast cancer, and treatment evaluation. We conducted focused
searches of PubMed® and the Cochrane Library. An experienced research librarian assisted us in
choosing the search terms and limits (Appendix A). We also reviewed the reference lists of
identified publications and added previously unidentified papers.
From these identified articles, we excluded publications that were beyond the scope of the
technical brief (letters, comments, editorials, news, nonhuman studies, and articles not in
English). Because imaging technologies are rapidly evolving, we excluded studies published
prior to 2003. Searches were also conducted in a number of imaging and oncologic websites,
including the American Society for Clinical Oncology, the American College of Radiology, the
American Cancer Society, the National Comprehensive Cancer Network, and the Society for
Nuclear Medicine. We also searched ClinicalTrials.gov, NIH Reporter, and ProQuest
Dissertations and Theses to find unpublished studies. As in the published literature search, we
excluded gray literature sources that were published prior to 2003, those that pertained to animal
studies, and those that were not in English.

Eligibility Criteria
The inclusion and exclusion criteria are presented in Table 1. All titles and abstracts
identified through searches were reviewed against our inclusion/exclusion criteria. For studies
without adequate information to make a determination, we retrieved full-text articles and
reviewed them against the inclusion/exclusion criteria.
Two team members (LG and CL) abstracted data from the published studies to provide an
overview of the state of the science by collecting the following information:
• Study setting and geographic location
• Research design and methods
• Type(s) of imaging
• Breast cancer inclusion criteria
• Tumor factors (e.g., whether metastatic tumors were initially diagnosed or were
recurrences)
• Comparators used
• Length of followup
• Outcomes associated with imaging findings (accurate detection of tumor response,
changes in treatment decisions, prediction for survival, resource utilization, and adverse
events).
We limited our data abstraction to studies dealing with imaging used to evaluate treatment
response, and therefore did not identify any studies where imaging was an add-on or replacement
for some other diagnostic tool aimed at treatment evaluation, or any studies where imaging was
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used for triaging patients for a future diagnostic test. Furthermore, we excluded studies that
examined imaging that was used to detect recurrence after treatment had ended.
Table 1. Inclusion and exclusion criteria for imaging of metastatic breast cancer published
literature search
Criterion
Population

Indication for imaging

Comparator

Outcomes associated
with imaging findings

Timing
Setting
Study design

Other

Inclusion
Age 19 and above
Females
Diagnosed with metastatic (stage IV) breast
cancer (initial diagnosis or recurrence)
Imaging for treatment evaluation

Comparison of multiple imaging modalities
Tumor biomarkers
No comparator
Tumor response
Changes in treatment decisions
Changes in patient decisions
Recurrence-free survival
Overall survival
Quality of life
Cost and resource utilization
Adverse events
Published 2003−2013
All care settings
Systematic reviews
Randomized control trials
Nonrandomized control trials
Cohort studies (prospective and retrospective)
Case-control studies
Case series
English language

Exclusion
Age 18 and below
Males
Diagnosed with stages I−III breast cancer
Nonhuman
Diagnostic imaging
Imaging used to assess stage
Imaging used to detect recurrence
following successful treatment
None

None

Published 2002 or earlier
None
Case reports
Opinions
Commentaries
Letters to the editor with no primary data

Non-English language

Key Informant Discussions
We worked with the Key Informants to understand current imaging utilization practices,
emerging technologies, research in progress, patient values, and study design issues, in order to
help summarize the current state of the science and inform future research on imaging for
treatment evaluation for women with metastatic breast cancer. We identified Key Informants
including clinical experts/practitioners in radiology and oncology, as well as representatives of
the patient perspective, product purchaser, and the device industry. Despite multiple attempts to
identify a Key Informant to provide the perspective of health care entities that finance or
reimburse for health costs, we could not identify one who was willing to serve in this capacity.
Key Informants were identified through informal consultations with local, national, and
international experts in breast cancer and imaging technologies. While we attempted to schedule
more than one Key Informant per teleconference, most (n=5) calls consisted of only one Key
Informant. Calls were led by one of several team members and at least two other team members
participated. All calls were recorded for reference.
Initially, we asked the Key Informants to create a comprehensive list of imaging
technologies, including technologies that are not commonly used or in development and may be
used in the United States in the near future. We also asked them to identify the advantages and
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disadvantages and appropriateness of utilization of each type of imaging. Key Informants were
asked to identify factors surrounding imaging decisions, including clinical guidelines,
reimbursement policies, setting (e.g., tertiary care vs. community hospital), and patient
preferences. The Key Informants also provided information about factors that patients consider
when discussing imaging decisions with their providers such as test accuracy and invasiveness,
safety issues, and out-of-pocket costs.
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Findings
Overview
The availability of quantitative or qualitative data to address the guiding questions from our
Key Informant interviews and the published and gray literature searches is presented in Table 2.
Four imaging modalities are currently used in the United States for evaluating treatment response
for metastatic breast cancer: bone scan, MRI, CT, and fluorodeoxyglucose (FDG)-PET/CT. We
also identified four types of imaging not commonly used currently that might become important
in the next 5–10 years: fluorothymidine (FLT)-PET/CT, F-fluoromisonidazole (F-FMISO)
PET/CT, fluoroestradiol (FES)-PET/CT, and PET/MRI.
In total, we interviewed nine Key Informants: five were clinicians (two of whom were
medical oncologists who practiced at large academic institutions, two were radiologists at large
academic institutions and one was a medical oncologist at a nonacademic research and treatment
center), two were from product industry development companies, one was a patient advocate at a
nonprofit advocacy organization, and one was an executive at a large cancer treatment center
who provided both product purchaser and patient advocate perspectives. Three clinicians and one
patient advocate were interviewed in the same phone call; all remaining calls were with only one
Key Informant. Interviews lasted between 40–60 minutes and consisted of 8–13 questions. All
interviews took place in October and November 2013. A summary of the interviews appears in
Appendix B.
A summary of the findings from the published literature search is shown in Table 3 and the
abstracted data are shown in Table 4. A full list of included and excluded studies is shown in
Appendixes C and D. We abstracted data from a total of 17 publications.9-25 Where the two
abstractors disagreed, a discussion was performed to come to conclusions. The study populations
from eight publications were from the United States,9,14,19,20,22-25 eight were from
Europe,10,12,13,15-18,21 and one was from Asia.11 All were cohort studies, of which seven were
retrospective10,14,17,19,20,23,24 and ten were prospective.11-13,15,16,18,21,22,25 Twelve of seventeen
studies10-18,20,22,25 presented comparators pertaining to the type of imaging used; seven of
these10,13,15,16,18,20,22 compared metabolic response as measured by tracer uptake to response
measured by anatomic imaging. Four studies12,14,17,22 compared metabolic response measured by
tracer uptake to measures of tumor biomarkers. One study11 compared metabolic response as
measured by two types of tracers (FDG- vs. F-FMISO-PET/CT). One study compared tumor
response as assessed by bone scan compared with CT.25 Almost all of the studies (16 of 17)9-13,15
25
reported accuracy in detecting tumor response as an outcome. Seven9,10,14-16,21,25 reported
overall survival and four14,17,23,25 reported progression-free survival. No studies reported
recurrence-free survival, changes in treatment decisions, changes in patient decisions, quality of
life, cost and resource utilization, or adverse events related to imaging. Only two studies2025
distinguished metastatic breast cancers that were initially diagnosed from those that were
recurrences from nonmetastatic breast cancers. In total, the published literature reported on the
imaging experiences of 557 women with metastatic breast cancer in the United States, Asia, and
Europe. We estimate that approximately 792,000 women in the United States received imaging
scans for the purpose of evaluating treatment of metastatic breast cancer (see Appendix F for
details on this calculation) between 2003-2013, and thus the number of women enrolled in
clinical studies to evaluate the benefits and harms of imaging for this purpose represented less
than 0.1 percent of the women exposed to these procedures.
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Finally, a summary of the findings from the gray literature search are shown in Table 5. We
identified three current or soon-to-be recruiting clinical trials pertaining to imaging for treatment
evaluation for metastatic breast cancer.

Summary of Imaging Trends for Treatment Evaluation of
Metastatic Breast Cancer
We did not identify any studies that addressed imaging utilization trends for treatment
evaluation of metastatic breast cancer. However, the Key Informants generally agreed that the
trend of imaging for evaluation of treatment of metastatic breast cancer was toward stable or
increased utilization; none speculated that imaging for this purpose would decrease in the near
future. Additionally, the Key Informants identified several factors that may potentially influence
utilization. For instance, all of the clinician, product purchaser, and patient advocate Key
Informants reported that, in their experience, most payers readily reimburse for CT, PET-CT,
bone scans, and other imaging modalities that are appropriate to the regions of the body where
the metastases are located. However, the Key Informants indicated that some payers advocate for
programs such as the use of Radiology Benefit Managers (entities used by private payers to
require prior authorization) or peer-to-peer consultations (case discussions between ordering
providers and radiologists), which may discourage physicians from ordering advanced imaging
exams. Whether these mechanisms lead to more appropriate utilization is unclear. Several Key
Informants also indicated that use of PET-CT can be influenced by the purchase of the expensive
machinery and once the investment in the technology has been made, the scans will be used for
many other indications besides treatment evaluation of metastatic breast cancer. One Key
Informant indicated that insurance status might be more of a factor in community settings, with
noninsured or underinsured patients being steered toward less expensive imaging. However,
another Key Informant thought that physicians in academic centers might feel greater pressure to
use more complicated and expensive technologies for fear of reprisals if they failed to order tests.

Summary of Shared Decisionmaking Regarding Imaging for
Treatment Evaluation of Metastatic Breast Cancer
We did not find any published literature regarding patient involvement in decisionmaking
regarding imaging for treatment evaluation of metastatic breast cancer. However, our Key
Informants provided some information on this topic. They indicated that imaging is usually not
the focus of patient education, both in terms of conversations that patients have with their care
providers and the research that patients conduct on their own. Additionally, since physicians who
interpret images usually interact with the ordering physicians rather than the patients themselves,
patients are often under-informed about imaging and usually are not aware that they can engage
in shared decisionmaking with their physicians regarding treatment evaluation by imaging.
Our Key Informants indicated that many patients are accustomed to receiving PET/CT and
would not agree with receiving imaging followup only by CT after receipt of a previous PET/CT.
Our Key Informants also reported that physicians might prefer to order tests based on their own
experiences and biases, rather than spend time debating the merits of alternative imaging
strategies with their patients.
Interestingly, the clinicians reported that they sometimes advocated for imaging less often to
reduce the stress that patients feel while waiting for imaging results. Both Key Informant patient
advocates reported that patients receive intangible value from receiving results of imaging scans
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that show their cancer is improving and are willing to experience the stress and anxiety of
waiting for imaging results in order to potentially receive good news about their prognoses. Both
patient advocates also reported that breast cancer patients are generally not concerned about the
potential harm that could result from imaging, such as exposure to radiation from CT, PET, and
PET/CT scans, because their therapies already involve such exposures.

Modalities Currently in Use
The imaging modalities currently in use and their key features, theoretical advantages, and
theoretical disadvantaged are outlined in Table 6 and are described in more detail here.

Bone Scan (Scintigraphy)
Bone scans are used to identify areas of damage to the bones throughout the body. A small
amount of a radionuclide tracer is injected intravenously and the patient is then scanned 2−3
hours later with a gamma camera that detects radiation emitted by the radioactive material. Areas
of increased tracer uptake may indicate the presence of bone metastases. Although we could not
find published data on how commonly bone scans are used to evaluate treatment of metastatic
breast cancer, our Key Informants reported that bone scans are almost always used to evaluate
treatment in patients who have been diagnosed with bony metastases. The Key Informants also
reported that, because bone scans are less expensive than PET/CT, they may be ordered when
PET/CT is not covered by the patient’s insurance. Bone scans received FDA approval through
the Medical Device Amendments of 1976, which allowed devices being clinically used to
receive FDA approval without undergoing premarket approval or 510(k) clearance. The most
commonly used radiotracer for bone scans is technetium-99m.26 Safety issues pertaining to bone
scans include exposure to radiation from the injected radiotracer and, rarely, the potential for
allergic reactions. The Key Informants indicated that most patients were not concerned with
exposure to radiation from imaging because their treatments usually entailed much larger doses.
We found three published studies that described use of bone scans to evaluate treatment of
metastatic breast cancer.10,20,25 Two compared PET tracer uptake (one evaluated FDG and the
other evaluated FES) to bone scans and other types of anatomic imaging to determine tumor
response. Although these studies were small (both had n=47), both studies found that the uptake
of PET tracers were better predictors of response than bone scans (median response times were 6
and 87 months).10,20 The third study stratified patients as having progressive disease or
nonprogressive disease according to CT and bone scans. These authors found that treatment
response identified by CT at 6 months was associated with progression-free survival, but
treatment response demonstrated on bone scans at 6 months was not, and neither type of imaging
at 6 months was associated with overall survival.25
Although we did not find specific information about the future directions of bone scans, our
Key Informants indicated that the technology was extremely useful and was not likely to be
displaced by other technologies in instances of bone metastases. None of the Key Informants
prioritized bone scans as a potential topic for future research studies.

Magnetic Resonance Imaging
MRI scanners utilize strong magnetic fields and radio waves to create images of the body
part of interest. The magnetic field emitted by the scanner causes hydrogen atoms that are
components of water molecules in the patient’s body to line up in the direction of the magnetic
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field so almost all of them point either to the patient’s head or to their feet. A few atoms out of
every million, however, are unmatched and do not point toward the head or the feet. When the
radio frequency pulse is emitted, the unmatched atoms spin the opposite way. At the same time,
gradient magnets arranged inside the main magnet are turned on and off quickly, creating
radiowave signals that are captured by receiver coils and are used to construct images composed
of the body part being scanned. For breast MRI, gadolinium-based contrast agents are also used
to assist with evaluation of breast tumors. These contrast agents alter the local magnetic field of
the breast tissue and allow visualization of abnormalities in the tissue being scanned. MRI
scanners, breast coils, and gadolinium-based contrast agents have all received FDA approval.27
One potential advantage of MRI in comparison with other types of imaging such as CT and
PET/CT is that MRI does not involve exposure to radiation.28 Another potential advantage our
Key Informants reported was that MRI was useful to evaluate treatment for patients with brain
metastases who had received a baseline MRI. A potential disadvantage of MRI use is that the test
may be difficult for claustrophobic patients to tolerate. Additionally, like bone scans, patients can
experience allergic reactions to the contrast agents used for MRIs, but these are rare and most
reactions are mild.29 We did not find any quantitative evidence describing how commonly MRI
is used to evaluate treatment of metastatic breast cancer.
We identified four published studies9,15,16,20 that described use of MRI to evaluate treatment
of metastatic breast cancer. Three of these compared treatment evaluation using tracer (FDG15,16
and FES20) uptake from PET/CT with imaging using MRI and CT and one did not compare MRI
to another method of treatment evaluation.9 All three studies that compared conventional
imaging and tracer uptake found correlations between tumor response using MRI and/or CT and
PET radiotracer uptake.15,16,20 However, only one of these reported data on the correlation
between anatomic tumor response determined by MRI or CT and overall survival and found no
correlation (mean followup time 27 weeks).16

Computed Tomography
CT uses a series of x-ray images taken around a rotating arc to reconstruct and generate
three-dimensional images of structures in the body. The data from CT scanners are transmitted to
computers, which create three-dimensional cross-sectional pictures. While CT scans are valuable
in identifying and anatomically localizing tumors, they have disadvantages such as exposure to
ionizing radiation and the potential for adverse events from iodinated contrast agents, which
range from mild (nausea, itching) to severe (cardiopulmonary arrest).30 Because CT systems
were widely used prior to 1976, they received FDA approval through the Medical Device
Amendments.27
Although we did not find published data on how commonly CT is used to monitor treatment
of metastatic breast cancer, the clinical Key Informants reported that it is often used, especially
in cases when staging PET/CT is not covered by insurance.
We identified seven published studies describing use of CT to evaluate treatment of
metastatic breast cancer.10,13,15,16,18,20,25 Most of these (n=5)10,13,15,16,18 were conducted in Europe
and all compared tracer uptake (FLT,13,18 FDG,10,15,16 and FES20) from PET/CT to anatomic
imaging (including CT). Five of these studies found that uptake of the tracers was associated
with changes in tumor volume measured by CT.13,15,16,18,20 As described in the MRI section,
another study reported no significant correlation between treatment-related changes seen on
conventional imaging using CT or MRI and survival (mean followup time 27 weeks).16 As
described in the bone scan section, one study found that treatment-related changes seen on CT at

10

6 months were associated with progression-free survival, but changes seen on bone scans at 6
months were not, and neither was associated with overall survival.25

Positron Emission Tomography/Computed Tomography
A PET scan uses nuclear medicine imaging to produce three-dimensional color images of
functional processes in the body. A patient is injected with a radioactive tracer and placed on a
table that moves through a gamma ray detector array that contains a series of scintillation
crystals. The crystals convert the gamma rays that are emitted from the patient into photons of
light, which are amplified to electrical signals that are processed by a computer to generate
images. The table is moved and the images are repeated so that a series of thin slice images of
the body over the region of interest are assembled into a three-dimensional representation of the
body. PET/CT scanners allow for a diagnostic CT scan to follow, providing anatomic correlation
for the PET scan.
Several types of tracers have been developed for use with PET, including FDG, F-FMISO,
FLT, and FES. FDG is the only tracer approved by the FDA for breast cancer imaging and is
therefore the most widely used. Because tumors have increased glucose metabolism compared
with noncancerous tissue, FDG has the ability to detect tumors on PET imaging. Specifically,
tumor masses are relatively hypoxic compared with surrounding tissue, which activates the
anaerobic glycolytic pathway. A consequence of enhanced glycolysis is the hyperactive trapping
of FDG by tumor cells. Since 2006, all PET scanners purchased in the United States were
combined PET/CT machines.31 Like bone scans and computed tomography, PET scanners
received FDA approval through the 1976 Medical Devices Amendment and combination
PET/CT devices received 510(k) clearance in 2000.27
Our Key Informants indicated that FDG-PET/CT is currently the most commonly used type
of imaging for treatment evaluation of metastatic breast cancer. The main potential advantage of
PET/CT is its ability to combine the functional information from FDG uptake with the higher
resolution of CT for determining anatomic location and tumor morphology. Both the PET and
CT scans are obtained during the same exam and images are post-processed into a fused series of
images. However, the modality does have potential disadvantages, including the relatively high
cost of the test and exposure of the patients to ionizing radiation.32 Largely because of these
limitations, our Key Informants reported that they order PET/CT scans no more often than every
2-4 months during treatment for metastatic breast cancer, and only when patients are not
obviously responding or worsening clinically.
Our Key Informants noted that PET/CT technology is relatively novel and few studies have
prospectively evaluated long-term outcomes of its use in treatment evaluation for metastatic
breast cancer. Additionally, the Key Informants felt PET/CT might be underused in community
care settings, where access to a PET/CT machine might entail long travel times for patients or
ordering physicians might not be accustomed to utilizing the technology.
Although the American College of Radiology provides accreditation of centers that use PET
devices, they do not require standard procedures for preparing patients prior to their scan or
require minimum interpretive volumes in order to remain accredited (as they do for breast MRI).
Furthermore, interpretation of PET/CT scans is not monitored by any accrediting organization
and no agencies exist to enforce the implementation of guidelines, resulting in inter-reader
variability. The Key Informants also reported that PET/CTs for breast cancer are used relatively
less frequently compared with PET/CTs for other solid organ malignancies, such that even at
major cancer centers in large cities, only about 10 percent of the PET/CTs are related to breast
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cancer. Thus, the experience of PET/CT interpreting physicians for treatment evaluation of
metastatic breast cancer may be somewhat limited due to relatively low volumes.
We identified a total of 15 studies describing use of PET to evaluate treatment for breast
cancer.10-24 Ten of these described use of FDG,10,11,14-17,20,21,23,24 four described FLT,12,13,18,22 one
described F-FMISO,11 and two described FES19,20 (two studies evaluated more than one kind of
tracer). Four studies evaluating FDG-PET,10,15,16,20 two studies evaluating FLT-PET,13,18 and one
study evaluating FES-PET20 compared tracer uptake values to anatomic imaging with MRI, bone
scans, and/or CT, and these are described above.
Four studies compared tracer uptake (two looked at FDG14,17 and two examined FLT12,22)
with tumor biomarkers as ways to evaluate response to therapy. One study of 102 metastatic
breast cancer patients found circulating tumor cells (CTCs) were correlated with FDG uptake in
67 percent of patients and, in univariate analyses, both FDG uptake and CTCs were predictive of
survival; however, in multivariate analysis, FDG uptake was no longer predictive of survival.14
The other study, conducted in Belgium (n=25), found only 28 percent concordance between
FDG uptake and the tumor markers CA15-3 or carcinoembryonic antigen. This study did find a
longer progression-free survival in patients who showed response on FDG-PET (11 months)
compared with patients who were nonresponders (7 months).17 For the studies examining FLT,
although sample sizes were small (n=14 and n=9), both found correlations between uptake of
FLT and tumor markers (CA27.29 and CTCs).12,22 Additionally, one of the studies reported
strong correlations between a baseline FLT-PET scan and a repeat scan 2−10 (median 4.5) days
later (r=0.99 for standardized uptake value at 90 minutes between the scans at the two time
points).18 This was the only study that we identified that presented results on the reproducibility
of an imaging modality.
Three studies reported on disease progression by standard FDG uptake values.21,23,24 All
reported that standardized uptake values on initial FDG-PET scans were associated with
outcomes, including time to disease progression or skeletal-related event (n=28; median
followup 17.5 months),23 response duration (n= 102; median followup=15 months),24 and
progression-free survival (n=22; followup was at least 4 years).21
One small study19 (n=30, 27 of which were women) reported use of FES-PET to compare
response to estrogen blocking therapy with estrogen depleting therapy in patients with bone
metastases undergoing salvage endocrine therapy. These authors found the standardized uptake
value of FES declined 54 percent in patients taking estrogen-blocking therapy and declined only
14 percent for patients taking estrogen-depleting agents.19 Finally, one small study11 (n=12)
conducted in China compared use of F-FMISO to FDG-PET. While FDG uptake did not
correlate with clinical outcomes, F-FMISO-PET showed a fairly strong correlation (r=0.77).11

Positron Emission Tomography/Magnetic Resonance Imaging
Several of our Key Informants mentioned that combination PET/MRI scanners might
become important within the next decade and at least one such device has received FDA
approval.33 However, we did not find any published or gray literature describing use of this
modality to evaluate treatment of metastatic breast cancer. Although a major disadvantage of this
technology is that it combines two expensive modalities, it might be ideal for imaging of brain
metastases. By combining PET’s metabolic imaging capabilities with MRI’s excellent tissue
contrast, the combination may increase accuracy in evaluating response to therapy for brain
metastases. Another advantage is that, unlike PET/CT, it would not involve exposure to as much
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ionizing radiation from the CT component (although it would still entail some radiation exposure
from the tracer).34
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Table 2. Availability of data in Key Informant interviews, published literature, and gray literature to address guiding questions
Modalities
Currently
in Use

Modalities
Currently
in Use

Modalities
Currently in
Use

Modalities
Currently
in Use
FDG
PET/CT

Investigational

Investigational
F-FMISO
PET/CT

Investigational

Investigational

Bone Scan MRI
CT
FLT-PET/CT
FES-PET/CT
PET/MRI
GQ 1: Overview of
Imaging Modalities
a. What modalities are
KI, PL, GL
KI, PL, GL
KI, PL, GL
KI, PL, GL
KI, PL, GL
PL
KI, PL, GL
KI
currently being used in
the United States?
b. Advantages and
KI, PL
KI, PL
KI, PL
KI, PL
disadvantages of each?
GQ 2: Context of Use
a. FDA status
PL
PL
PL
PL
PL
PL
PL
PL
b. Contrast agents used PL
PL
PL
PL
PL
PL
PL
c. How commonly is
KI, PL
KI, PL
KI, PL
KI, PL
KI, PL
PL
KI, PL
KI, PL
modality used?
GQ 3: Current Evidence
a. Patient population
KI, PL
KI, PL
KI, PL
KI, PL
KI, PL
PL
KI, PL
b. Study design/size
PL
PL
PL
PL
PL
PL
PL
c. Concurrent/prior
PL
imaging
d. Length of followup
PL
PL
PL
PL
PL
PL
PL
e. Outcomes
PL
PL
PL
PL
PL
PL
PL
f. Adverse events
KI, PL
KI, PL
KI, PL
KI, PL
KI, PL
GQ 4: Issues and
Future Directions
a. Future diffusion of the
KI
KI
KI
modality?
b. Economic and ethical KI
KI
KI
considerations?
c. Final decisions about
KI
KI
ordering?
d. Areas of
KI
KI
KI
KI
uncertainty/priority
research questions?
CT = computed tomography; F-FMISO = F-fluoromisonidazole; FDA = U.S. Food and Drug Administration; FDG = fluorodeoxyglucose; FES = fluoroestradiol; FLT =
fluorothymidine; GL = gray literature; GQ = guiding question; KI = Key Informant; MRI = magnetic resonance imaging; PET = positron emission tomography; PL = published
literature
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Table 3. Overview of published literature (n=17 studies ), with number of metastatic breast cancer
patients (n=557)

Bone
Scan
(n=3
studies;
123
patients)

MRI
(n=4
studies;
130
patients)

CT (n=7
studies;
206
patients)

FDG
PET or
FDG
PET/CT
(n=10
studies;
454
patients)

United States

2
(n=76)

2
(n=61)

2
(n=76)

4
(n=279)

1
(n=14)

0

2
(n=74)

8
(n=273)

Europe

1
(n=47)

2
(n=69)

5
(n=130)

5
(n=163)

3
(n=19)

0

0

8
(n=272)

0

0

0

1
(n=12)

0

1
(n=12)

0

1
(n=12)

Cohort
(retrospective)

2
(n=94)

1
(n=47)

2
(n=94)

6
(n=351)

0

0

2
(n=74)

7
(n=378)

Cohort
(prospective)

1
(n=29)

3
(n=83)

5
(n=112)

4
(n=103)

4
(n=33)

1
(n=12)

0

10
(n=179)

Randomized
control trial

0

0

0

0

0

0

0

0

2
(n=94)

3
(n=116)

6
(n=177)

4
(n=163)

3
(n=28)

0

1
(n=47)

7
(n=191)

2 tracer uptakes

0

0

0

1
(n=12)

0

1
(n=12)

0

1
(n=12)

Tracer uptake
vs. biomarkers

0

0

0

2
(n=127)

2
(n=19)

0

0

4
(n=146)

Bone scan vs.
anatomic
imaging

1
(n=29)

0

1
(n=29)

0

0

0

0

1
(n=29)

Tumor response

3
(n=123)

3
(n=116)

7
(n=206)

10
(n=454)

4
(n=33)

1
(n=12)

2
(n=74)

16
(n=543)

Progression-free
survival

1
(n=29)

0

1
(n=29)

3
(n=149)

0

0

0

4
(n=178)

FLT
PET/CT
(n=4
studies;
33
patients)

F-FMISO
PET/CT
(n=1
study;
12
patients)

FES
PET/CT
(n=2
studies;
74
patients)

Total
(n=17
studies;
557
patients)

Study Population

Asia
Study Type

b

Comparators

Tracer uptake
vs. anatomic
imaging

Outcomes

c

1
3
4
5
5
0
0
0
(n=76)
(n=83)
(n=145)
(n=240)
(n=283)
CT = computed tomography; F-FMISO = F-fluoromisonidazole; FDG = fluorodeoxyglucose; FES = fluoroestradiol; FLT =
fluorothymidine; MRI = magnetic resonance imaging; PET = positron emission tomography
a
Eight studies included greater than one type of imaging
b
Five studies did not include comparators of imaging
c
Some studies reported greater than one outcome
Overall survival
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Table 4. Abstracted data from published literature
Author
Year
Buijs
20079
Cachin
200610

Inclusion/
Exclusion
Criteria
MBC;
receipt of
MRI
Retrospective MBC; postcohort
stem cell
transplant
PET scans
Study
Design
Retrospective
case series

N
14

47

Cheng
201311

Prospective
cohort

Post
menopausal,
ER+ BC,
stages II-IV

12

Contractor
201212

Prospective
cohort

MBC

5

Contractor
201113

Prospective
cohort

De Giorgi
200914
Dose
Schwartz
200515

Stage II-IV
BC with
lesion
outside
bone/liver
Retrospective MBC
cohort
Prospective
cohort

MBC

20 (9
with
stage
IV)
102

11

Age
(mean, Imaging
range) Modalities
57
MRI
(41-81)

Comparators
None

44
FDG-PET;
FDG-PET vs.
(26-60) CT,
conventional
ultrasound,
imaging
mammogram,
bone scan

Tumor
Response
NA

Conventional
imaging: 37%
complete
response;
FDG-PET,
72% achieved
complete
response.
65.1
FDG
FDG-PET/CT vs. FDG did not
(55-82) PET/CT; F
F-FMISO
correlate with
FMISO
PET/CT
clinical
PET/CT
outcomes; F
FMISO did
correlate
(r=0.77)
NR
FLT-PET/CT Change in FLT
FLT uptake
uptake vs.
correlated with
change in CTCs decrease
CTCs
54
FLT-PET/CT FLT-PET SUV
Reduction
(41-69)
vs. anatomic
SUV
response from
associated
with lesion size
CT
changes
55.5
FDG-PET/CT FDG SUV vs.
CTC levels
(SD
CTCs
correlated with
10.8)
FDG uptake
49
FDG-PET
FDG-PET vs.
FDG uptake
(34-68)
conventional
correlated with
imaging
conventional
imaging
response
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Overall
Survival
25 months

Timing
Outcome
Measures Setting Location
3 years
Single
United
institution States

19 months

87 month Single
France
institution

NR

3 month

Single
China
institution

NR

2 weeks

Single
United
institution Kingdom

NR

3 cycles
of
treatment

Single
United
institution Kingdom

15.7 +/- 7.8
months

9-12
weeks

Single
United
institution States

14.5 months

27 weeks

Single
Germany
institution

Table 4. Abstracted data from published literature (continued)
Inclusion/
Exclusion
Criteria
MBC to liver
and life
expectancy
of >3
months
MBC

Author
Year
Haug
201216

Study
Design
Prospective
cohort

Hayashi
201325

Prospective
cohort

Huyge
201017

Retrospective MBC to
cohort
bone with 2
PET/CTs

Kenny
200718

Prospective
cohort

Linden
200620

Retrospective MBC, ER +
cohort
cancer with
> 6 months
followup

Stage II-IV
BC; life
expectancy
>3 months

N
58

29

25

5
stage
IV

47

Age
(mean,
range)
58
(SD 11)

Imaging
Modalities
FDG
PET/CT; CT,
MRI of liver

53
CT, bone
(30-91) scan

Timing
Outcome
Measures Setting Location
27 weeks Single
Germany
institution

Tumor
Comparators
Response
FDG-PET vs. CT NR
and MRI

Overall
Survival
47 weeks

Patients stratified
into progressive/
non progressive
disease by bone
scan and CT

Progressive/ 26.7
non
months
progressive
disease using
CT or bone
scan not
predictive of
overall
survival at 3
or 6 months

Single
United
institution States

NR

3 months

Single
Belgium
institution

NR

60 days

Single
United
institution Kingdom

Progressive/
non
progressive
disease using
CT or bone
scan not
predictive of
progression
free survival at
3 months; CT
predictive at 6
months
52
FDG PET/CT FDG-PET/CT vs. 28%
(37-72)
CA15-3 or CEA
concordance
PET/CT and
tumor markers
54
FLT-PET/CT FLT-PET/CT 1
FLT response
(36-80)
week after
correlated with
therapy initiation clinical
to clinical
response. FLT
response (as
response
measured by
preceded
PET) at 60 days tumor size
change
56
FES-PET
FES-PET vs.
Correlation
(35-76)
clinical response between FES
SUV and
clinical
response
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0 patients had 6 months
complete
response to
endocrine
therapy; 23%
had partial
response

Single
United
institution States

Table 4. Abstracted data from published literature (continued)
Inclusion/
Exclusion
Criteria
MBC to
bone,
salvage
endocrine
therapy
MBC with
endocrine
therapy

Author
Year
Linden
201119

Study
Design
Retrospective
cohort

MortazaviJehanno
201221

Prospective
cohort

Pio
200622

Prospective
cohort

Specht
200723

Retrospective MBC to
cohort
bone with 2
PETs

28

Tateishi
200824

Retrospective MBC to
Cohort
bone with
PET/CT

102

MBC

N
27

22

14

Age
(mean, Imaging
range) Modalities
55
FES-PET
(28-77)

Comparators
None

Tumor
Response
NR

58
FDG PET/CT Progression free, NR
(40-82)
overall survival
by different levels
of SUV max

NR

FLT-PET

Compared FLT
uptake to
CA27.29 tumor
marker levels
and tumor size
by CT

Overall
Survival
NR

Timing
Outcome
Measures Setting Location
6 weeks
Single
United
institution States

55 months
4 years
partial
response; 71
months stable
disease; 52
months
progressive
disease group
(NSD)
NR
5.8
months

Single
France
institution

17.5
months;
only 1
death

Single
United
institution States

FLT uptake
good predictor
of change in
tumor size on
CT; also
correlated with
change in
CA27.29
51
FDG-PET
Time to
Changes in
NR
(30-68)
progression by
FDG SUV
level of SUV max associated
with time to
progression
55
FDG-PET/CT Baseline vs.
SUV decrease NR
(25-89)
post-treatment
predicted
tumor factors
response
duration

Single
United
institution States

15 months Single
United
institution States

BC = breast cancer; CA15-3 = cancer antigen 15-3; CA27-29 – cancer antigen 27-29; CEA = carcinoembryonic antigen; CT = computed tomography; CTCs = circulating tumor cells; ER+ = estrogen
receptor positive; F-FMISO = F-fluoromisonidazole; FDG = fluorodeoxyglucose; FES = fluoroestradiol; FLT = fluorothymidine; MBC = metastatic breast cancer; MRI = magnetic resonance imaging;
NA = not applicable; NR = not reported; NSD = no significant difference; PET = positron emission tomography; SD = standard deviation; SUV = standardized uptake value
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Table 5. Overview of gray literature findings
Website
Clinicaltrials.gov

Identifier
NCT01621906

Clinicaltrials.gov

NCT01805908

Clinicaltrials.gov

NIH Reporter

Type(s) of
Imaging
MRI, FLT-PET

Study Design
Prospective
Cohort
(nonrandomized)

Institution
Memorial
SloanKettering
Cancer
Center, New
York, United
States

111 IndiumPertuzumab
SPECT-CT

Prospective
Cohort
(nonrandomized)

Ontario
Clinical
Oncology
Group,
Canada

NCT01627704

FES-PET

Prospective
Cohort
(nonrandomized)

Assistance
PubliqueHopitaux de
Paris, France

5P01CA042045
24

FLT-PET; MRI;
FES-PET

Not stated

Estimated
Enrollment &
Eligibility
N=20; histologically
confirmed
metastatic
adenocarcinoma of
breast with brain
metastases with
planned whole
brain radiation
therapy.
N=30; metastatic
adenocarcinoma of
breast; tumor HER2
positive; initiating
treatment with
Trastuzumab.

N=72; metastatic
adenocarcinoma of
breast with
hormonedependent cancer.

Primary
Outcome
Measure(s)
Tumor
response
measured
anatomically
with MRI
compared
with SUV
from FLT
PET
Change in
tumor SUV
from baseline
to day 8;
toxicities
attributable to
111 Indium
Pertuzumab
injections
Tumor
response
according to
FES SUV 6
months after
induction or
major change
in hormone
therapy
Not stated

Area(s) of
imaging
Brain
Metastases

Study
Status
Nov 2013
Recruiting

Whole
body

Not yet
recruiting

Whole
body

Recruiting

University of
Not stated
Whole
Ongoing
Washington,
body
Seattle, WA,
United States
CT = computed tomography; FES = fluoroestradiol; FLT = fluorothymidine; HER2 = Human Epidermal Growth Factor Receptor-2; MRI = magnetic resonance imaging; PET =
positron emission tomography; SPECT = single-photon emission computed tomography; SUV = standardized uptake value
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Table 6. Imaging modalities and key characteristics
Imaging Modality
Bone scan
(scintigraphy)

Key Characteristics
- Detection of radiation emitted by
injected radioactive tracer with use of
a gamma camera to create twodimensional images of the body

Theoretical Advantage(s)
- Measures bone remodeling and
turnover; can detect bone turnover of 5
15% from normal
- Relatively inexpensive compared with
other imaging modalities

Magnetic resonance
imaging

- Uses strong magnetic fields and
radiowaves to create threedimensional images of the body
- Requires intravenous gadolinium
contrast injection

- No exposure to ionizing radiation
- Excellent anatomic localization of brain
metastases (if baseline MRI obtained)

Computed tomography
(CT)

- Series of x-ray images reconstructed - Excellent anatomic localization and
into three-dimensional images of the
tumor morphology visualization
body
- Requires intravenous iodinated
contrast injection
Positron-emission
- Scintillation crystals convert gamma
- Combines functional information from
tomography/Computed rays into photons which are amplified
FDG uptake (glucose metabolism of
tomography
to electronic signals used to create
tumors) with high resolution of CT for
three-dimensional images
anatomic localization and tumor
- Requires intravenous injection of
morphology visualization
radioactive tracer
- CT scan obtained during same exam
and images fused with PET images
Positron-emission
- Scintillation crystals convert gamma
- May be ideal for imaging of brain
tomography/Magnetic
rays into photons which are amplified
metastases
resonance imaging
- Less exposure to ionizing radiation
to electronic signals used to create
compared with PET/CT
three-dimensional images
- Requires intravenous injection of
radioactive tracer and gadolinium
contrast
- MRI scan obtained during the same
exam and images fused with PET
images
CT = computed tomography; MRI = magnetic resonance imaging; PET = positron-emission tomography
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Theoretical Disadvantage(s)
- Cannot identify destructive (lytic) bone
lesions well
- Requires exposure to ionizing radiation
- Poorer anatomic localization and tumor
morphology compared with other imaging
modalities
- No functional information regarding tumor
metabolism
- Relatively expensive compared with other
imaging modalities
- Difficult for claustrophobic patients to
tolerate
- Poorer anatomic localization than PET/CT
for chest, abdomen, pelvis
- No functional information regarding tumor
metabolism
- Requires exposure to ionizing radiation
- Adverse reactions to iodinated contrast
material not uncommon
- Relatively expensive compared with other
imaging modalities
- Requires exposure to ionizing radiation
from both radioactive tracer and CT scan

- Combines two relatively expensive
imaging modalities
- Difficult for claustrophobic patients to
tolerate

Summary and Implications
Currently, there is a relatively small amount of published reports pertaining to imaging
evaluation of treatment response among metastatic breast cancer patients. Most reports were
from small, single-institution, nonrandomized observational studies. Our review of the literature,
along with Key Informant opinion, suggested that FDG-PET/CT is the imaging modality of
choice for assessing tumor response among metastatic breast cancer patients over conventional
imaging (including CT, MRI, and bone scintigraphy). This preference is due to FDG-PET/CT
theoretically providing information regarding functional tumor response to chemotherapy or
hormone therapy by measuring changes in tumor metabolism, whereas conventional imaging can
only demonstrate gross morphologic changes of tumors in a delayed fashion. Moreover, some
early evidence suggested that the metabolic response assessed by FDG-PET/CT after initial
cycles of chemotherapy may be predictive of response to treatment among metastatic breast
cancer patients, but more rigorous research is needed before definitive conclusions can be
reached.
Nevertheless, conventional imaging by CT, MRI, and bone scintigraphy are the most
common comparators in studies evaluating the ability of FDG-PET/CT to determine tumor
response and are also considered appropriate care. The choice of imaging modality for
conventional imaging is dependent upon the location of known metastases (e.g., MRI is best for
evaluating brain metastases, CT is best for evaluating lung metastases, and bone scintigraphy is
best for evaluating skeletal metastases). The few studies evaluating specific sites of breast cancer
metastases pertained to the bone, demonstrating improved response detection for PET/CT over
conventional imaging. However, larger-scale studies are required to truly demonstrate the
comparative effectiveness of PET/CT and conventional imaging for specific sites of breast
cancer metastases with regard to outcomes such as progression-free survival, and decreased
chemotoxicity, with earlier stoppage of ineffective therapies. In particular, we did not find
reports in the published literature on changes in treatment decisions following the various types
of imaging, which could provide information on whether changes identified by different
modalities were more likely to alter treatment regimens and, in turn, affect survival times.
Changes in treatment regimen may be a particularly important outcome to study in women with
bone dominant metastatic breast cancer, since healing bones may appear as “flares” on bone
scans, and treatment that is, in fact, working, may inappropriately be changed. Bone dominant
metastatic patients have largely been excluded from published studies on treatment response by
imaging, and represent an area in need of further research.
The major limitation noted by both the available studies and Key Informants regarding
PET/CT for evaluating treatment response is the mechanism of FDG, the only FDA-approved
radiotracer for breast cancer imaging. FDG is an indicator of glucose metabolism within cells
rather than a direct measure of tumor proliferation. Small pilot studies have reported on the
efficacy of several novel tracers that may be able to measure tumor behavior at the molecular
level more directly. With a majority of breast cancer patients having estrogen-receptor positive
disease, FES may be able to predict the response of metastatic breast cancers to hormonal
therapy (e.g., tamoxifen) and to help guide treatment decisions. FLT is another novel radiotracer
that was developed as a marker for cellular proliferation, and it may be less susceptible to early
inflammatory response to therapy compared with FDG. Future research on novel radiotracers
may help clarify heterogeneous breast cancer tumor biology and allow discovery of treatments
that might be successful in improving outcomes.
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Another major limitation of the published literature on imaging used for treatment evaluation
of metastatic breast cancer was the lack of description of potential sources of noise and bias in
the imaging machines and protocols that were described in the studies. Although many of the
reviewed published literature studies examined small populations of metastatic breast cancer
patients who received their scans on the same machines with the same imaging protocols, only
one study18 published data on the reproducibility of scans at different time points. This is
especially an issue for women who receive imaging from different devices, or even imaging
facilities, over the course of their cancer treatment. Future studies should provide information on
the quantitative characteristics of the imaging devices so that comparative effectiveness results
can be obtained.
Beyond using conventional imaging as a comparator to PET/CT, a few pilot studies have also
attempted to evaluate the efficacy of measuring CTCs as biomarkers for therapeutic monitoring
in metastatic breast cancer patients. Early data are inconclusive as to whether measuring CTCs
has added value beyond functional PET/CT imaging for assessing immediate response to
chemotherapy. With regard to new imaging modalities, PET/MRI may hold promise in the
evaluation of metastases to the brain; however, it is not currently in wide use. Both biomarkers
like CTCs and novel imaging modalities like PET/MRI warrant further development and
evaluation in select subpopulations of metastatic breast cancer patients.
The most glaring knowledge gap with regard to imaging evaluation for treatment response in
metastatic breast cancer was the evaluation of patient-centered outcomes. None of the published
studies examined how the imaging experience or imaging findings affected patient satisfaction,
patient anxiety levels, or other outcome measures that may be of central importance to metastatic
breast cancer patients beyond survival benefit. Based on Key Informant input, metastatic breast
cancer patients are currently under-informed regarding the role of medical imaging in
determining treatment response and its ability to guide treatment decisions. Patients are also
under-informed with regard to the alternatives to monitoring response by imaging. Future
research efforts should address patient-centered outcome measures and shared decision-making
associated with imaging evaluation for treatment response.
Finally, no studies addressed the issue of resource use and costs associated with imaging
evaluation for treatment response for metastatic breast cancer. However, if PET/CT can correctly
predict response as early as the first cycle of chemotherapy, then the relatively high cost
associated with the modality may be outweighed by the potential cost savings from avoiding
multiple additional cycles of ineffective chemotherapy and associated potential chemotoxicity.
Out-of-pocket costs associated with imaging evaluation were also a concern among patients
according to our Key Informants. The associated direct and indirect costs of PET/CT compared
with conventional imaging should be examined in parallel with outcomes of future studies in
order to determine the true value of different imaging modalities for evaluating treatment
response among metastatic breast cancer patients.

Next Steps
Key Informants identified future research needs in several areas that they thought would have
large impacts on clinical decisionmaking regarding imaging for treatment evaluation of
metastatic breast cancer. Ideally, a treatment evaluation tool would, within days or weeks of
beginning treatment, be able to accurately and noninvasively detect whether the treatment was
reducing cancer burden without exposing women to potentially harmful side effects such as
contrast reactions or ionizing radiation. Such a tool (e.g., a blood test) would ideally be
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inexpensive, readily accessible to women with metastatic breast cancer, and potentially replace
the need for imaging evaluation for treatment response.

Intermediate and Long-Term Outcomes
Several Key Informants were interested in research that examines clinical and patientcentered outcomes to determine the impact that choice of imaging technologies has on survival,
treatment selection, cost, and quality of life. Key Informants were also interested in examining
how often more advanced imaging (e.g., PET/CT scans) should be conducted to evaluate
treatment in order to lead to the best intermediate and long-term outcomes. Additionally, we did
not find any evidence in the published literature about the extent of imaging that is ideal during
treatment. For example, if only one site of metastasis is found in initial imaging, should future
imaging for treatment evaluation include other potential sites of metastasis to document
treatment failure and further spread of disease? Because metastatic breast cancer cannot be
cured, the ultimate goal of treatment is to prolong survival with the least reduction in quality of
life. Ideally, research into intermediate and long-term outcomes would identify imaging that
indicates when treatments are not working as soon as possible so treatment can be stopped,
potentially toxic side effects can be minimized, and other forms of treatment can be pursued.
One potential research design that could answer such questions would be to randomize
women with metastatic breast cancer to different imaging regimens prior to beginning treatment
with followup imaging using the same modalities and imaging protocols at varying time intervals
to assess how the modality and timing of imaging affects outcomes. To minimize confounding,
randomization could be multi-pronged to account for important clinical differences. For
example, randomization could be done separately depending on estrogen receptor status since
women with estrogen receptor-positive disease typically have longer survival times and may
benefit from different imaging regimens compared with women with estrogen receptor-negative
disease. Women would be followed until death or 3 years after diagnosis and cancer recurrences
and treatment selections could be assessed from electronic medical records. Additionally, all
costs incurred during the followup period could be compared between the different imaging
arms. Women could also be surveyed at 6-month intervals to assess quality of life. The time and
cost that would be necessary to conduct such a study would be substantial and confounding
factors, such as patient and physician imaging and treatment preferences, might make a
traditional, multi-institution randomized trial methodologically difficult.
Alternative approaches to examining intermediate and long-term patient-centered outcomes
include the use of more adaptive trial designs, such as a pragmatic trial design that allows greater
freedom regarding patient and physician imaging and treatment decisions. Even a prospective
observational study design involving multiple institutions would provide valuable information
regarding the effects of imaging modalities and the frequency of imaging on outcomes. A
quality-of-life survey instrument can be easily implemented in either the pragmatic trial or
prospective observational study designs to capture patient perspectives on treatment evaluation
by imaging. Finally, decision analysis and simulation modeling may have a critical role in
estimating the effects of imaging modality and frequency on the intermediate and long-term
outcomes for metastatic patients given the time and cost barriers for performing traditional
randomized trials.
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Improving Communication With Patients
Studies that focus on improving communication with patients regarding imaging for the
purpose of assessing treatment for metastatic breast cancer would be of interest. One option to
begin to explore this topic would be to convene focus groups of women who are currently
undergoing or have recently completed treatment for metastatic breast cancer and ask targeted
questions about their patient-physician communication experiences about imaging. These groups
could help researchers gain understanding about the particular research questions that are
important to this patient population and would identify the key patient-centered outcomes that
should be studied through the aforementioned potential study designs.
For instance, Key Informants were relatively less concerned about ionizing radiation
exposure from advanced imaging than initially expected. It is uncertain whether this sentiment is
more widespread, or if there remain a large number of patients and providers who are concerned
about potential radiation risks. An area of improved communication with patients and providers,
therefore, would be to increase stakeholder awareness of the innovative, dose-lowering
technologies that have been implemented over the last several years to minimize potential harm
from radiation associated with CT, PET, and bone scans. These technologies include automatic
exposure control and iterative reconstruction of CT images, as well as advanced electronics in
imaging data acquisition systems that limit exposure time. Overall, greater communication
between providers and patients may be required to clarify the balance between the benefits and
harms of imaging during the informed consent process.

Personalized Medicine
Key Informants were also interested in imaging that could characterize tumors at the genetic
or proteomic level and allow treatments to be specific to particular types of breast cancer, given
that breast cancer is a heterogenous disease. Truly personalized imaging for treatment response
would require further development of new radiotracers specific to the biological nature of
individual breast cancers. More rigorous evaluation of novel radiotracers such as FES and FLT
are needed to determine their comparative effectiveness to standard FDG use with PET/CT in
specific patient subpopulations.

Blood Tests To Evaluate Treatment
Several Key Informants indicated that research on biomarkers that could evaluate treatment
response and obviate the need for imaging would be greatly useful. There is currently
insufficient evidence regarding CTCs and whether their measurement can help predict survival
time for metastatic breast cancer patients. There is also insufficient evidence regarding whether
measuring such blood tumor markers can guide treatment choices for metastatic breast cancer
better than current use of advanced imaging modalities. Future research efforts should focus on
the comparative predictive power of CTCs for treatment response and survival versus PET/CT
and/or anatomic imaging for treatment response.
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Acronyms and Abbreviations
BC
CA15-3
CA27-29
CEA
CT
CTC
ER+
FDA
FDG
FDG-PET
FES
F-FMISO
FLT
GL
HER2
KI
MBC
MRI
NA
NR
NSD
PET
PET/CT
PET/MRI
PL
SD
SPECT
SUV

breast cancer
cancer antigen 15-3
cancer antigen 27-29
carcinoembryonic antigen
computed tomography
circulating tumor cell
estrogen receptor positive
U.S. Food and Drug Administration
fluorodeoxyglucose
fluorodeoxyglucose positron emission tomography
fluoroestradiol
F-fluoromisonidazole
fluorothymidine
gray literature
Human Epidermal Growth Factor Receptor-2
Key Informant
metastatic breast cancer
magnetic resonance imaging
not applicable
not reported
no significant difference
positron emission tomography
positron emission tomography/ computed tomography
positron emission tomography/magnetic resonance imaging
published literature
standard deviation
single-photon emission computed tomography
standardized uptake value
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Appendix A. Search Terms for Published Literature
Review
Search #
1
2

3
4
5

6
7
8
9
10
11
12
13
14
15
16
17
18

19
20
21
22

23
24
26
27
28
29
30

Query
exp Diagnostic Imaging
exp Breast Neoplasms/dh, dt, pc, rt, su, th [Diet Therapy,
Drug Therapy, Prevention & Control, Radiotherapy, Surgery,
Therapy]
exp Neoplasm Metastasis
secondary.fs.
(stag$ adj3 (four or iv)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, keyword
heading word, protocol supplementary concept, rare disease
supplementary concept, unique identifier]
3 or 4 or 5
exp Prognosis
exp "Outcome and Process Assessment (Health Care)"
exp Mortality
mo.fs.
exp survival analysis
7 or 8
1 and 2 and 6 and 12
exp *Breast Neoplasms/dh, dt, pc, rt, su, th
1 and 6 and 12 and 14
exp "Outcome Assessment (Health Care)"
1 and 6 and 14 and 16
((treat$ or therap$ or interven$ or regimen$ or pharmacother$
or chemother$ or radiother$ or surger$ or surgic$) adj7
(effectiv$ or success$ or outcom$ or result$ or respons$ or
reduc$ or remission$ or shrink$ or shrank or shrunk)).mp.
[mp=title, abstract, original title, name of substance word,
subject heading word, keyword heading word, protocol
supplementary concept, rare disease supplementary concept,
unique identifier]
1 and 6 and 14 and 18
19 not 17
Limit 20 to English language
((assess$ or determin$ or establish$ or confirm$ or evaluat$
or monitor$ or discover$ or determin$ or learn$ or discern$)
adj7 (effectiv$ or success$ or outcom$ or result$ or respons$
or reduc$ or remission$ or shrink$ or shrank or shrunk)).mp.
1 and 6 and 14 and 22
Limit 23 to English language
1 and 6 and 14 and 25
17 or 21 or 24 or 26
Limit 27 to yr=”2003-Current”
Limit 28 to English language
Delete duplicates

A-1

Number of Items Found
1748368
101694

158648
127910
33298

286043
1108191
733807
285802
424456
192862
1173716
667
65064
265
710469
131
1753900

297
166
114
963765

92
86
266
365
256
197
158

Appendix B. Summary of Key Informant Interviews
What are the most commonly used imaging modalities to evaluate
treatment of metastatic breast cancer?
•
•
•
•

Choice of imaging strongly depends on where metastases are. If there are no boney
metastases, would probably follow up with chest/abdomen/pelvis CT, but patients who
had a baseline PET-CT are usually followed up with PET-CT also.
MRI might be used on a patient with brain metastases, especially if they had a baseline
scan.
Most people use the Response Evaluation Criteria in Solid Tumors (RECIST) criteria to
determine how well patients are responding to treatment, but the PET Response Criteria
in Solid Tumors (PERCIST) is also used and may be more accurate.
Use of PET-CT is extremely common because machines have been purchased and, once
owned, might as well use them.

How often is imaging for treatment evaluation of metastatic breast cancer
conducted?
•
•
•

•
•

Usual assessment of metastatic disease involves a baseline PET-CT scan that could be
repeated every 2-4 months, but if staging PET-CT is not covered by insurance, a bone
scan or chest/abdomen/pelvis CT (or both) are often used.
Imaging may be avoided if patient is displaying symptoms.
The choice of imaging and intervals are often dictated by insurance coverage. PET-CT is
not covered earlier than 2 month followup. Also, some plans require potentially timeconsuming peer-to-peer discussions about whether PET-CT is warranted, so that
discourages doctors from ordering it.
Intervals of imaging depend on treatment cycles. Also, unlikely to see clinical
progression before 2-3 months of treatment so most imaging is not ordered earlier than
that.
Patients can also experience anxiety about imaging so that’s a reason to limit tests, but on
the other hand, if tests show treatment is working, that is very heartening for patients.

When is PET-CT used versus bone scan?
•
•

At baseline, PET-CT tends to find more lesions than bone scan; this usually doesn’t
affect treatment choice unless a bone lesion is found, since treating bone lesions has large
effect on the patient’s quality of life.
PET-CT can help visualize followup of disease in difficult to visualize areas, such as
nodes, or if anatomic alterations have occurred to the patient as a results of treatment.

Which imaging modalities are being over/under utilized?
•
•

PET-CT probably less appropriately utilized because it is a newer technology. This is an
active area of research.
Some imaging is driven by pharmaceutical trials that dictate certain types of followup.
This tends to become a familiar/usual approach in practice.
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Differences in imaging use between academic versus community settings?
•
•
•
•

Community practice seems to be more variable.
Patient preparation and physician interpretation is often inferior in the community setting.
Patient insurance status might come into play more often in community setting, e.g.,
patient without adequate insurance might be steered toward less expensive imaging.
Physicians in academic settings may feel more pressure to use the most recent (and
therefore most expensive) technologies. May have a greater fear of lawsuits if they fail to
order a test.

What policies do payers put in place to influence use of imaging for
treatment evaluation of metastatic breast cancer?
•
•

Payers use Radiology Benefit Managers (RBMs) to encourage providers to minimize use of
imaging, but not a lot of evidence behind their decisions.
Payers require peer-to-peer consultations. Often does discourage imaging from being ordered but
again, unclear whether this is appropriate.

How are decisions to purchase imaging equipment used to evaluate
treatment for metastatic breast cancer made?
•

Most cancer centers have CT and PET-CT because they are used for many cancers and they want
to promote themselves as having the latest and greatest technology to attract patients.

What types of imaging is most commonly reimbursed for treatment
evaluation of metastatic breast cancer? What are the advantages and
disadvantages of these types of imaging?
•
•
•

CT and PET-CT pretty readily reimbursed. For other types of imaging, depends where the
metastases are, e.g. if a woman has liver metastases, liver ultrasound would be readily
reimbursed.
The frequency of imaging is variable among payers.
Patient anxiety: sometimes imaging is useful for reassuring the patient, but other times waiting
for the results is very stressful for them.

Other guidelines used to determine choice of imaging besides NCCN?
•
•

No. Even NCCN guidelines concluded there was not enough data to make suggestions
about use of imaging for assessing response to therapy.
NCCN guidelines heavily influenced by medical oncologists and other nonimagers.

Do accreditation programs influence the type of imaging chosen?
•
•
•

For devices, the American College of Radiology (ACR) provides accreditation. Most
centers maintain that accreditation, but it does not cover patient preparation, which is
important.
No accreditation for who reads PET-CT scans. Guidelines for minimum training to read
scans exist but are not enforced.
Even at major cancer centers, only 10 percent of PET-CTs done in a facility would be
related to breast cancer so difficult for physicians at smaller centers to gain experience
interpreting breast images.
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What is the role of patient choice?
•
•
•

•

•
•

Patient preferences usually push clinicians to do more tests and more expensive tests.
For some physicians, it is easier to just order a test than take the time to argue about it
with patients.
Patients usually don’t want to reduce their imaging. For example, once they have had PET-CT,
they don’t want to only CT.

Patients often don’t have tests explained to them, particularly the pros/cons, etc. Patients
don’t get enough information about the reasons for tests, what they mean, etc. because
person interpreting scans rarely interacts with patient. They get much better explanations
about treatment.
Patients don’t grasp the use of tests, their accuracy, interpretation, etc. Their research
about their disease tends to focus on treatment.
Patients often willing to take extreme risks to avoid the smallest chance of dying of breast
cancer.

What factors related to imaging are most important to patients?
•
•
•

•
•
•
•
•
•
•

Patients often do not realize several imaging modalities exist and they have options.
Patients expect their tests to show them if treatment has been successful.
Out-of-pocket expenses vary: patients who have good insurance coverage or Medicaid
generally don’t think about costs but patients with other types of insurance often have
high copays and deductibles, requiring them to make decisions based on cost rather than
what’s best for their health.
Many patients reach out-of-pocket maximum because of expense of treatment so during
treatment are usually not concerned about out-of-pocket costs.
Some patients have claustrophobia or reactions to contrast when receiving imaging, but
in general the discomfort from imaging is much easier to tolerate than that from
treatment.
Imagers generally do not interact with patients. Communication is directed to the
referring physicians but they don’t necessarily communicate information about the
images as well as the imager might.
Patients discuss the inconvenience of tests, especially PET since it involves long idle
periods of time needed to allow radiotracer circulation.
A lot of imaging reassures patients (not a trivial issue) but provides no clinical benefit.
Alternative ways to reassure patient might be less expensive and potentially have fewer
risks.
Patients discuss which imaging facilities are the most comfortable and offer them the most perks
(e.g. warm blankets and herbal tea).
Most patients do not consider the accuracy of imaging tests and usually do not research imaging
on their own the way they research treatment options.

What emerging technologies can we expect in next 5 years or so?
•
•

PET-MRI might become relevant for brain metastases because MR does a better job
imaging the brain than CT.
Emerging data show that if tests are done in a certain order, patient may avoid some (e.g.
PET can obviate the need for a bone scan).
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•
•
•

•

Imaging with PET using 18F-fluoroestradiol (FES) as a tracer, may be available in 3-5
years.
Patients would prefer blood test over imaging if it were accurate.
So far for breast cancer, tumor markers and circulating malignant cells in blood samples
are unreliable tests because breast cancer is such a heterogeneous disease. Hopefully in
the next 10-15 years these tests will have improved so much that they will drastically
curtail imaging.
Quantitative assessment of treatment response using standard uptake value changes seen
on FDG-PET after the first course of treatment would allow clinicians to know how the
tumors are responding so they could adjust the doses of chemotherapies. Further research
is needed before associations could be validated and reproducible.

What are some important research needs?
•
•
•
•
•
•
•
•
•

•

New tracers for PET imaging
Accurate tumor markers that could show whether patient is responding to treatment using
a blood test instead of imaging.
No studies of long-term outcomes. Do these technologies actually change outcomes,
quality of life, or treatment selection? Current studies are generally single center, no
clinical outcomes (especially long term). These could be embedded in therapeutic trials.
Studies of communication with patients. The most knowledgeable person (the one
interpreting the image) is often not available to patients for questions, especially in
nonacademic settings.
Studies that allow better understanding of tumor biology.
Imaging technologies that identify smallest tumors possible to reduce breast cancer
recurrence.
Imaging that is more specific to each patient’s type of cancer so a particular tumor could
be characterized by the genetic or even proteomic level and then treated without
damaging healthy tissue.
Increased accuracy is needed to make a better treatment decisions.
Use of imaging to evaluate side effects of treatment, e.g., women taking Herceptin
(which can affect cardiac function) might have better outcomes if they received
echocardiography during their treatment to determine whether their heart function was
being affected. If it were, they could be put on medications that would minimize cardiac
side effects. Most imaging currently focuses solely on the cancer and metastases, rather
than other parts of the body that might be affected by toxic treatments.
After baseline scan, how often should imaging be repeated?

What are barriers that inhibit research on imaging for treatment evaluation
for metastatic breast cancer?
•
•

New technologies are not used if there is no reimbursement for development.
Regulatory barriers also exist. Time and cost for approval may deter development of
product.
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Appendix F. Calculation of Estimate of Number of
Women Receiving Imaging for Treatment Evaluation
of Metastatic Breast Cancer
We estimated that the U.S. prevalence of women with metastatic breast cancer is about
160,000, with a median survival time of about 2 years.1 Our Key Informants estimated that about
90 percent of women with metastatic breast cancer receive some type of chemotherapy and that
treatment for metastatic breast cancer typically lasts about 1 year. We estimated that about half
of the 160,000 women, or about 80,000 women, would be in the first year of their metastatic
breast cancer diagnosis and would be candidates for receiving treatment, and 90 percent of these,
or 72,000, would be receiving chemotherapy and thus imaging for treatment evaluations per
year. Our literature search covered 11 years, so 72,000*11=792,000 women received scans for
treatment evaluation of metastatic breast cancer.

1

Metastatic Breast Cancer Network. Education: Prevalence of Metastatic Breast Cancer. 2013.
http://mbcn.org/education/category/prevalence/. Accessed on December 16, 2013.
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