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Preface

The Agency for Healthcare Research and Quality (AHRQ) conducts the Effective Health
Care Program as part of its mission to organize knowledge and make it available to inform
decisions about health care. As part of the Medicare Prescription Drug, Improvement, and
Modernization Act of 2003, Congress directed AHRQ to conduct and support research on the
comparative outcomes, clinical effectiveness, and appropriateness of pharmaceuticals, devices,
and health care services to meet the needs of Medicare, Medicaid, and the Children’s Health
Insurance Program (CHIP).

AHRQ has an established network of Evidence-based Practice Centers (EPCs) that produce
Evidence Reports/Technology Assessments to assist public- and private-sector organizations in
their efforts to improve the quality of health care. The EPCs now lend their expertise to the
Effective Health Care Program by conducting Comparative Effectiveness Reviews (CERs) of
medications, devices, and other relevant interventions, including strategies for how these items
and services can best be organized, managed, and delivered.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews are useful because they define the strengths and limits of the evidence,
clarifying whether assertions about the value of the intervention are based on strong evidence
from clinical studies. For more information about systematic reviews, see
http://effectivehealthcare.ahrq.gov/reference/purpose.cfm

AHRQ expects that CERs will be helpful to health plans, providers, purchasers, government
programs, and the health care system as a whole. In addition, AHRQ is committed to presenting
information in different formats so that consumers who make decisions about their own and their
family’s health can benefit from the evidence.

Transparency and stakeholder input are essential to the Effective Health Care Program.
Please visit the Web site (www.effectivehealthcare.ahrq.gov) to see draft research questions and
reports or to join an email list to learn about new program products and opportunities for input.
Comparative Effectiveness Reviews will be updated regularly.

We welcome comments on this CER. 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.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
Stephanie Chang, M.D., M.P.H. William Lawrence, M.D., M.S.

Director, EPC Program Task Order Officer

Agency for Healthcare Research and Quality Center for Outcomes and Evidence

Agency for Healthcare Research and Quality
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Noninvasive Diagnostic Tests for Breast
Abnormalities: Update of a 2006 Review

Structured Abstract

Objectives. To systematically review the literature on the diagnostic accuracy of noninvasive
imaging technologies proposed to be useful as part of the workup after recall of women with
suspicious breast abnormalities identified on routine screening. This report is an update of a
Comparative Effectiveness Review originally published in 2006.

Data Sources. We searched the medical literature, including PubMed and Embase, from
December 1994 through September 2010. We included diagnostic cohort studies that enrolled
the patient population of interest and used current generation scanners and protocols of the
noninvasive imaging technologies of interest. We excluded case-control studies, meeting
presentations, and very small (<10 patients) studies.

Review Methods: We abstracted data from the included studies and used a bivariate mixed-
effects binomial regression model for meta-analysis. We used the summary likelihood ratios and
Bayes’ theorem to calculate the post-test probability of having a benign or malignant lesion. We
explored heterogeneity in the data with meta-regressions using standard methodology. We
graded the strength of evidence supporting each major conclusion as high, moderate, low, or
insufficient. The grade was developed by considering four important domains: the risk of bias in
the evidence base (internal validity, or quality of the studies), the consistency of the findings, the
precision of the results, and the directness of the evidence.

Results. We identified 41 studies of magnetic resonance imaging (MRI). The summary
sensitivity of MRI was 91.7 percent (95% CI: 88.5 to 94.1%) and the summary specificity was
77.5 percent (95% CI: 71.0 to 82.9%). The estimate of accuracy was judged to be supported by a
moderate to low strength of evidence (low for the estimate of specificity due to the lack of
precision as reflected in the wide confidence interval). Bayes’ theorem and the summary
estimates of accuracy suggest that only women with a pre-MRI suspicion of malignancy of 12
percent or less will have their post-MRI suspicion of malignancy change sufficiently to suggest
that a change in patient management may be appropriate.

We identified seven studies of positron emission tomography (PET). The summary sensitivity of
PET was 83.0 percent (95% CI: 73.0 to 89.0%) and the summary specificity was 74.0 percent
(95% CI: 58.0 to 86.0%). The estimate of accuracy was judged to be supported by a Low
strength of evidence. Bayes’ theorem and the summary estimates of accuracy suggest that only
women with a pre-PET suspicion of malignancy of 5 percent or less will have their post-PET
suspicion of malignancy change sufficiently to suggest that a change in patient management may
be appropriate.

We identified 10 studies of scintimammography. The summary sensitivity of
scintimammography was 84.7 percent (95% CI: 78.0 to 89.7%) and the summary specificity was
77.0 percent (95% CI: 64.7 to 85.9%). The estimate of accuracy was judged to be supported by a
Low strength of evidence. Bayes’ theorem and the summary estimates of accuracy suggest that
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only women with a pre-scintimammography suspicion of malignancy of 5 percent or less will
have their post-scintimammography suspicion of malignancy change sufficiently to suggest that
a change in patient management may be appropriate.

We identified 21 studies of B-mode grayscale ultrasound, six studies of color Doppler
ultrasound, and seven studies of power Doppler ultrasound. For B-mode grayscale, summary
sensitivity was 92.4 percent (95% CI: 84.6 to 96.4%) and the summary specificity was 75.8
percent (95% CI: 60.8 to 86.3%); for color Doppler, summary sensitivity was 88.5 percent (95%
CI: 74.4 to 95.4%) and summary specificity was 76.4 percent (95% CI: 61.7 to 86.7%)); for
power Doppler, summary sensitivity was 70.8 percent (95% CI: 47 to 86.6%) and summary
specificity was 72.6 percent (95% CI: 59.9 to 82.5%). These estimates of accuracy were all
judged to be supported by a Low strength of evidence. Bayes’ theorem and the summary
estimates of accuracy suggest that only women with a pre-ultrasound suspicion of malignancy of
10 percent or less will have their post-ultrasound suspicion of malignancy change sufficiently to
suggest that a change in patient management may be appropriate.

Conclusions. The use of noninvasive imaging, in addition to standard workup of women recalled
for evaluation of an abnormality detected on breast cancer screening, may be clinically useful for
diagnostic purposes only for women with a low (less than 12%) pretest suspicion of malignancy.
When choosing which noninvasive imaging technology to use for this purpose, the evidence
appears to suggest that diagnostic B-mode grayscale ultrasound and MRI are more accurate than
PET, scintimammography, or Doppler ultrasound. The utility of these findings, however, depend
on whether clinicians can identify women with a pretest suspicion of malignancy in the ranges
necessary for the tests to affect management. Several of the expert reviewers of this report did
not think this is currently possible.

v



Contents

EXECUTIVE SUMIMATY ..ottt ettt ettt eaa e be e b e e teebeesseeaseseense e ES-1
INEFOAUCTION ...ttt ettt b et et se et et e st ebe b eneeseebe s eneeseanas 1
BaCK@IOUNG......ooouiiiiieiieciee ettt ettt ettt eebeeetaeebeeenbeenns 1
BIreast CaAnCET ......ooiiiiiiiieeiee ettt ettt et 1

Breast Cancer DIaZNOSIS ......veeevieeiiieeiieeeiie ettt eeiteeeieeesiteeeiaeeetaeeseaeesaaeesnseeennseesnnseeennes 1
NONINVASIVE IMAZING .....eieiiieiiieiie ettt ettt ettt et et e s e eabeeee 3
Conceptual FramewWOrK ...........cciiiiiiiiiiiiiiiiecie ettt et beesaaeesbeessaeenseens 4
Diagnostic Test CharacteriStICS. ... .c.evuirieriiriiriiieeiesteeteret ettt 6

Scope and Key QUESTIONS ......cc.eeriieiiiiiiieiieeieeieeeieeieeereeteeseeesbeessaeeseessaeesseessseensaessseesseessnas 7
IMIEENOTS. ...ttt et s ekt s et e st e st s e b e st ese et et eneeb et eneeneanas 9
TOPIC DEVEIOPIMENL. .....eiiiiiiiiiiiieciieiie ettt ettt re e teestaeebeeesbeesaeessaesseessseesseesseenns 9
PatIONS ...ttt ettt ettt e e be e tee et e e bt e enbeeneenn 9
INEEIVENTIONS ...ttt ettt ettt e sbe e st e b e st e eaee 9
COMPATALOTS ...ttt ettt sttt s et e be e st e e esen e ebeesaneeneesanes 10
OUECOIMIES ...ttt ettt eh e et e bt et esbt e et e s bt e e abeesbbeeabeenbeesabeenbbeeabeenaees 10
TIMIIZ ettt ettt et e st e bt e e bt e bt e et e e bt e enbeensteeabeenbeennnes 10

N T]151 0SSP RTR 10

SEATCR STIALEZY ..ottt ettt b ettt ettt sbe et nas 10
SHUAY SEIECHION ...ovviiiiieiiecieetee ettt ettt et e et este e et e e seeesbeesaeesbeeseessseensaensseenns 11
Data ADSTIACTION ...eeueieiiieiie ettt ettt et et e et e e ateeabeesaeeenbeesaeeenbeesaeeenbeannnas 14
Study Quality EValUation..........ccccuiiiiiiiiiiiieciecieecee ettt et ae et 14
Strength of EvIdence ASSESSIMENLt...........coviriiiiiriiriiiieriteieeteete sttt 14
Overall Rating of Strength of EVIAeNnCe.........ccoeeviieiiiiiiiiiieciieiece e 16

PN 0] o] FTe7:1 0311 2SRRI 16
Data Analysis and SYNTRESIS ........cccviiiiiiiiieiiieiecie ettt et ae et e ssaeeaeeennas 16
Peer Review and Public COMMENTATY ........cceouiiiiiiieciie ettt 17
RESUIES ...ttt 18
Magnetic Resonance IMaging........cceecuiieiiiieiieeeiiee ettt eiee e ree e e e seveeeseaeeeaaeeenaeeens 18
Back@roUnd ........c.ooouiiiiiiieee e ettt 18
Findings From 2006 REVIEW.......cccuiieiiiiiiiiiieeiie ettt ite e tee e ee e svee e veeenvae e 21
EVIAENCE BASE.....cviiiiiiiiiieieeie ettt st 21

Key Question 1. What is the accuracy of MRI for diagnosis of breast cancer

in women referred for further evaluation after identification of a possible

breast abnormality on routine screening (mammography and/or clinical

or self-detection of a palpable 1€S10N)? .........ccciiriiiiiiiiieieeeeee e 21
Key Question 2. Are there demographic (e.g., age) and clinical risk factors

(e.g., morphologic characteristics of the lesion) that affect the accuracy

of the tests considered in Key Question 17.........cccceeviiieiiiieiiienieeceeeeee e 22

Key Question 3. Are there other factors and considerations that may affect
the accuracy or acceptability Of MRI? ........coooiiiiiiiiiec e 22
Previously Published Systematic REVIEWS .........cceeviieiiiiiiiiiiieieeie e 22
CONCIUSION ..ttt ettt et e st e be e s it e e bt e sat e e beesateenbeesneas 24
Positron Emission TOMOZIAPNY .......ccciiiuiiiiiiiieiiieie ettt ettt ettt sae e 27
BacKground..........ooouiiiiiiieie e e e e saaaeeeaaeeens 27
Findings From 2000 REVIEW........cccuieiiiiiiiiiieieeieecee ettt et 29



EVIAENCE BASE.....ouiiiiiiiiiieieeeee e st 29
Key Question 1. What is the accuracy of PET for diagnosis of breast cancer

in women referred for further evaluation after identification of a possible

breast abnormality on routine screening (mammography and/or clinical

or self-detection of a palpable 1€S10N)? .........ccciiriiiiiiiiieieeeeee e 30
Key Question 2. Are there demographic (e.g., age) and clinical risk factors

(e.g., morphologic characteristics of the lesion) that affect the accuracy

of the tests considered in Key Question 17.........ccceeviiieiiiieiiieeieeceeeeee e 30

Key Question 3. Are there other factors and considerations that may affect
the accuracy or acceptability of the tests considered in Key Questions 1 and 27........ 31
Previously Published Systematic REVIEWS .........cceeriieiiiiiiiiiieiieeiecieee e 31
CONCIUSION ..ttt ettt et e sttt e st e e bt e sab e e bt e sabeenbeenneas 31
SCINtMAMMOZIAPNY ..ottt ettt et e et e et e e beesaeesabeeseeenseenne 34
BacKground..........ooouiiiiiiiecie e e e e e e e e e naaeeens 34
Findings From 20060 REVIEW........ccccoeiiiiiiiiiieieeieece ettt ettt e 35
EVIAENCE BASE ... ettt 35

Key Question 1. What is the accuracy of scintimammography for diagnosis

of breast cancer in women referred for further evaluation after identification

of a possible breast abnormality on routine screening (mammography

and/or clinical or self-detection of a palpable 1esi0n)? .........ccceeveiiiirciieeniiieieeees 36
Key Question 2. Are there demographic (e.g., age) and clinical risk factors

(e.g., morphologic characteristics of the lesion) that affect the accuracy

of the tests considered in QUESHION 12.........cooiiiiiiiieiieeciee e 36

Key Question 3. Are there other factors and considerations that may affect
the accuracy or acceptability of the tests considered in Key Questions 1 and 27........ 36
Previously Published Systematic REVIEWS ........ccccuiiiiiiiiiiiieiieceeeee e 36
(07071161 10 S 0 s ST RPRRRR 38
URTASOUNG. ...ttt ettt ettt et eat e s bt e e et esbe et e entesbeebesntesneenneas 41
Back@round...........oouiiiiiii et et 41
Findings From 2006 REVIEW........ccccceiiiiiiiiiieieeieecie ettt ebe e esse e 43
EVIAENCE BaSE.....ccciiieeiiieeeeee ettt saraeenaaeeen 43

Key Question 1. What is the accuracy of ultrasound for diagnosis of breast

cancer in women referred for further evaluation after identification of a

possible breast abnormality on routine screening (mammography and/or

clinical or self-detection of a palpable 1€S10n)? .........cccceeeiiiiiiiiiieiieeee e, 43
Key Question 2. Are there demographic (e.g., age) and clinical risk factors

(e.g., morphologic characteristics of the lesion) that affect the accuracy

of the tests considered in Key Question 17 ........cceeviieiiiiiienieniieeeeeeeeee e 45

Key Question 3. Are there other factors and considerations that may affect
the accuracy or acceptability of the tests considered in Key Questions 1 and 27........ 45
Previously Published Systematic REVIEWS ........cccccviiiiriiniiiiiniiniicicecccceeeecee 45
CONCIUSION vttt ettt et st sa e e s sb e e aee 46
Comparative Accuracy and Safety.........coceeviiriiiiiiiniii e 50
SUMMArY @Nd DISCUSSION ......ocviiiieiieiieeie ettt ettt et e eteebe e e stseseesaesseesseessessseseessasseenseas 52
Changes SINCE 2000..........ooueiriiriiiieieeteet ettt ettt et st sbe ettt sbe et et e bt e e e 53
Limitations of the Evidence Base ...........cccoiviriiiniiiiiiiiciiceeeeeeee e 54

vi



APPIICADILIEY ittt ettt ettt ettt et e et e b e e ntaeeabeenneeennas 54

Possible Impact of Key Assumptions on the CONnClUSIONS ...........ccceevvvveeeiieeniiieeniie e 55

FUture RESCATCH ......ouiiiiiiiiiiiie ettt 55
RETEIEINCES ...ttt ettt sttt ettt enes 57
Acronyms and ABDIeVIAtIONS ...........c.oooiiiiiieee e 72
GHOSSAIY ...ttt ettt et e et et e et e e te et e eaaeeae e ae e st e e reebe et e eteeteenbeeaeenteas 73
Tables
Table A. Summary of Key FINAINGS ........ccciiiiiiiiiiiiieiieiectee et ES-8
Table 1. Example 0f @ 2X2 TabIe ......cccuiiiiiiieiieceeceeee ettt e 6
Table 2. Noninvasive Current Technologies To Be Evaluated.............cccccoeovievieniiiininniieeiee, 12
Table 3. Other Published Technology Assessments of MRI ...........cccooeviiiiiiiiinciiicieee e, 23
Table 4. Included Studies: Magnetic Resonance Imaging (MRI)..........cccoooviiiieniiiiniiniiicie, 24
Table 5. Magnetic Resonance Imaging (MRI) ACCUTACY .....c.eeevviieriiieeiiieeciie et 26
Table 6. Clinical Interpretations of Magnetic Resonance Accuracy: Benign Finding

ON IMIRI ..ttt et e e st e et e e et e e eab e e it e e 26
Table 7. Clinical Interpretations of MRI Accuracy: Malignant Finding on MRI.......................... 27
Table 8. Included Studies: PET and PET/CT ........ooiiiiiie et 32
TabIE 9. PET ACCUIACY ...uutieuiieiiieiieeiie ettt ettt ettt et e et e et e s aae et esnbeesaeenbeenseessseeseesnseenseans 32
Table 10. Clinical Interpretations of PET Accuracy: Benign Finding on PET ..............ccccooee. 33
Table 11. Clinical Interpretations of PET Accuracy: Malignant Finding on PET......................... 33
Table 12. Other Published Technology Assessments of Scintimammography ............cccceeeeuvenn. 37
Table 13. Included Studies: Scintimammography ...........cccceecvierieiiiienieeiieie et 39
Table 14. ScintimMammOZIaphy ACCUTACY ......c.uieriuieeriieeiiieesieeesteeesreeesaeeesreeessseeessseeessseeensseennes 39
Table 15. Clinical Interpretations of Scintimammography Accuracy: Benign Finding

ON SCINtIMAMMOZIAPNY ....vviiiiiiieiiiecie ettt et e e e e e eab e e e saeesnaeeennaeesnseeennns 40
Table 16. Clinical Interpretations of Scintimammography Accuracy: Malignant Finding

ON SCINtMAMMOZIAPNY ....eeueiiiiieiiieiieeie ettt ettt et e ete et e ebeessaeebaesseeesbeesseesnsaesssessseesssens 40
Table 17. Included Studies: UIrasound............coeuieriiiiiinieeieie et 47
Table 18. Ultrasound Accuracy: Accuracy of Different Types of Ultrasound...........cccceeevvennenne. 48
Table 19. Clinical Interpretations of Ultrasound Accuracy: Benign Finding

ON UIETASOUINA. ...ttt ettt ettt s bt et et esaeebe e s e sneenaeenee e 49
Table 20. Clinical Interpretations of Ultrasound Accuracy: Malignant Finding

ON UIETASOUINA. ...ttt ettt ettt be et et esae e bt et e sneenaeenee e 49
Table 21. Summary Accuracy ReESUILS........ccceeviiiiiiiiiiiiiiiec e 51
Table 22. Comparative Safety CONCEIMS. .......ccuieruiieiiieriiieiierieeieeeeeereesteesteesaeesreesseesseesseesseeans 51
Figures
Figure 1. Analytical Framework ..........ccocoiiiiiiii e 5
Figure 2. Study Selection ProCess.......c.ccoiiiiiiiiieiiieiieeieeiee ettt ettt et sae e saeeseessseeneeas 18
Figure 3. Possible Clinical Scenarios for Magnetic Resonance Imaging (MRI):

Theoretical Changes in ManagemeNt............ccuveevieriieriiieriieeieeneeereesteeeseesseeeseesseesseesseesseens 27
Figure 4. Possible Clinical Scenarios for Positron Emission Tomography (PET):

Theoretical Changes in ManagemeNt............ccueeeveerieeriieriieeieeseeereesteeereesseeeseesseesseesseessseens 34

vil



Figure 5. Possible Clinical Scenarios for Scintimammography (SC): Theoretical Changes

TN MANAZEIMENL. ... .iiiiiiie ettt et e et e et eeesbaeesteessaeesssaeesssseessseeessseeessseeensseessseesnnns
Figure 6. Possible Clinical Scenarios for B-Mode Grayscale Ultrasound (US):

Theoretical Changes in ManagemeENt..........cccvieeruiieeiiieeeiiieeeieeeeieeesteeesreeesreeessaeeessseeeseeeenns

Appendixes

Appendix A. Search Strategy and Exact Search Strings
Appendix B. Sample Data Abstraction Forms
Appendix C. Evidence Tables

Appendix D. List of Excluded Studies

viil



Executive Summary

Background

Breast cancer is one of the most common malignancies of women, with approximately
200,000 new cases diagnosed every year in the United States.! Some breast cancers are identified
by physical examination (either self-examination or an examination performed by a physician).
Population-wide screening programs that use x-ray mammography to examine asymptomatic
women for early signs of breast cancer are also in common use.” If a suspicious area is seen on
x-ray mammography, women are usually recalled for further examination. The results of these
examinations are used to make decisions about further management: return to normal
screening/return for short-interval followup/refer for biopsy. In current standard practice the
examinations conducted after recall usually consist of diagnostic mammography and possibly
ultrasound. More and more often women are being sent for additional imaging during recall
workup. Extensive diagnostic ultrasound examinations and MRI are currently the most
commonly chosen additional imaging added to the workup, but other imaging technologies are
offered by some practitioners.

It is important to triage recalled women into the correct management pathway. Women with
readily treatable early-stage cancers who get mistakenly triaged into “return to normal screening”
may experience a significant delay in diagnosis and treatment of the cancer. However, the
majority of women who are recalled for further assessment after a screening mammography
do not have cancer, and significant numbers of healthy women are referred for biopsy or short-
interval followup after recall and diagnostic mammography.>*

A number of noninvasive imaging technologies have been developed and proposed to be
useful as part of the workup after recall. This evidence review focuses on additional noninvasive
imaging studies that can be conducted (in addition to standard workup) after discovery of a
possible abnormality on screening mammography or physical examination. These studies are
intended to guide patient management decisions. In other words, these imaging studies are not
intended to provide a final diagnosis as to the nature of the breast lesion; rather, they are intended
to provide additional information about the nature of the lesions such that women can be more
appropriately triaged into the correct management pathway. It is important to evaluate the
evidence to see if women do or do not benefit from the addition of these imaging modalities to
the standard workup after recall on breast cancer screening.

Because there are no available studies that directly evaluate whether women benefit from
additional imaging in this context, we addressed this important question indirectly. First we
evaluated the accuracy of the imaging tests in distinguishing between “benign” and “malignant”
breast lesions. Inaccurate tests will lead to suboptimal management decisions and less than
desirable patient outcomes. The accuracy of the noninvasive imaging tests was primarily
measured in terms of sensitivity and specificity. Sensitivity is a measure of how accurately the
test can identify women with cancer; specificity is a measure of how accurately the test can
identify women who do not have cancer. A test with high sensitivity will rarely misclassify
women with cancer as not having cancer, and a test with high specificity will rarely misclassify
women without cancer as having cancer.

The accuracy of a test can also be expressed in a more clinically useful measure, namely,
likelihood ratios. When making medical decisions, a clinician can use likelihood ratios and test
results to estimate the probability of an individual woman having breast cancer. Clinicians use
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individual patient characteristics (such as age and family history) and features seen on the
diagnostic mammogram (such as microcalcifications or distortions) to estimate a woman’s risk
of malignancy. This estimate is known as a “pre-test” or “prior” probability. The clinician can
then use the likelihood ratios (that express the accuracy of the test) to decide if an additional
imaging test will be helpful in guiding management decisions. For example, if a clinician
estimates a woman’s risk of malignancy as greater than 50 percent, most likely the use of any
additional imaging test, even a very accurate imaging test, will not change the clinician’s
management recommendation of a biopsy, and therefore additional imaging will not be
beneficial to the woman. However, if a clinician estimates a woman’s risk of malignancy as
being uncertain or close to a clinical threshold (2%), the likelihood ratios can be used to estimate
whether the results of an additional test are likely to change management decisions and possibly
affect patient outcomes.

After establishing the accuracy of the various imaging tests, we used the summary likelihood
ratios to prepare simple models of various clinical scenarios. In doing so, we attempted to
indirectly address the implicit question of whether women benefit from the addition of
noninvasive imaging tests to standard workup after recall for evaluation of a possible breast
abnormality detected by screening mammography or physical examination.

This report is an update of a Comparative Effectiveness Review (CER) of the same title
originally published in 2006.” In addition to an update of the literature, the Key Questions have
been revised and additional noninvasive imaging tests have been added.

Methods

Topic Development and Scope

The topic was selected for update by the Effective Health Care program. The Key Questions
were posted for public comment. A Technical Expert Panel was assembled to provide expert
input, and a protocol for updating the review was developed by the EPC authors and approved by
the Agency for Healthcare Research and Quality.

Patient Population

The patient population of interest is the general population of women participating in routine
breast cancer screening programs (including mammography, clinical examination, and self-
examination) who have been recalled after discovery of a possible abnormality and who have
already undergone standard workup (which usually includes diagnostic mammography and/or
ultrasound) . In other words, the patient population of interest consists of women who have or
might receive a Breast Imaging-Reporting and Data System (BI-RADS®) rating of 0, or 3 to 5,
after standard workup. Some of the women evaluated may have had an ultrasound examination
before being examined using the technology under study, including the women being evaluated
by diagnostic ultrasound. Although not explicitly stated in the studies, in most cases this prior
ultrasound seemed to be used primarily to identify women with simple benign cysts, who were
then not included in the study. Populations that were not evaluated in this review include: women
thought to be at very high risk of breast cancer due to family history or breast cancer (BRCA)
gene mutations; women with a personal history of breast cancer; women presenting with overt
symptoms (such as pain or nipple discharge); and men.
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Interventions

The noninvasive diagnostic tests evaluated were ultrasound (conventional B-mode grayscale,
harmonic, tomography, color Doppler, and power Doppler); magnetic resonance imaging (MRI,
with gadolinium-based contrast agents) with or without computer-aided diagnosis (CADx);
positron emission tomography (PET, with 18-fluorodeoxyglucose [FDG]), with or without
concurrent computed tomography (CT) scans (including positron emission mammography
[PEM]); scintimammography (with technetium-99m sestamibi [MIBI]), including Breast
Specific Gamma Imaging (BSGI).

Comparators

The accuracy of the noninvasive diagnostic tests were evaluated by a direct comparison with
histopathology (surgical or biopsy specimens) or with clinical followup, or a combination of
these methods. In addition, the relative accuracy of the different tests under evaluation were
directly and indirectly compared as the evidence permitted.

Outcomes

Outcomes of interest are diagnostic test characteristics; namely, sensitivity, specificity, and
likelihood ratios. Because predictive values vary as the prevalence of disease changes, we did not
calculate predictive values. Adverse events related to the procedures, such as radiation exposure,
discomfort, and reactions to contrast agents, were also be discussed as the evidence permitted.
Our literature searches did not identify any relevant studies that directly reported the impact of
the diagnostic tests on patient-oriented outcomes. Therefore, we used the estimates of accuracy
and various clinical scenarios to address the implicit, very important question of whether women
benefit from the use of these noninvasive imaging tests.

Timing
Any duration of followup, from same day interventions to many years of clinical followup,
were evaluated.

Setting
Any care setting was evaluated, including general hospitals, physician’s offices, and
specialized breast imaging centers.

Study Selection

We searched the medical literature, including PubMed and Embase, from December 1994
through September 2010. We included diagnostic cohort studies that enrolled the patient
population of interest and used current generation scanners and protocols of the noninvasive
imaging technologies of interest. We excluded case-control studies, meeting presentations, and
very small (<10 patients) studies. Data were abstracted from the included studies.

Strength of Evidence

We graded the strength of evidence supporting each major conclusion as high, moderate,
low, or insufficient. The grade was developed by considering four important domains: the risk of
bias in the evidence base (internal validity, or the quality of the studies), the consistency of the
findings, the precision of the results, and the directness of the evidence.
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Data Analysis

We used a bivariate mixed-effects binomial regression model for meta-analysis of data.*” We
used summary likelihood ratios and Bayes’ theorem to calculate the post-test probability of
having a benign or malignant lesion. In cases where a bivariate binomial model could not be fit,
we meta-analyzed the data using two random-effects models, one for sensitivity and one for
specificity.'® We explored heterogeneity in the data with meta-regressions using standard
methodology.’

Peer Review and Public Commentary

The draft received comments from peer reviewers, and from members of the public through
an open public comment period.

Results

Magnetic Resonance Imaging

We identified 41studies of MRI that included a total of 3,882 patients with 4,202 suspicious
breast lesions.'' ' We combined the data reported by all 41 studies into a bivariate binomial
mixed-effects model. The summary sensitivity was 91.7 percent (95% CI: 88.5 to 94.1%) and the
summary specificity was 77.5 percent (95% CI: 71.0 to 82.9%). The estimate of accuracy was
judged to be supported by a moderate to low strength of evidence (low for the estimate of
specificity due to the wide confidence interval). The dataset was very heterogeneous (I =
98.4%). We explored the heterogeneity with meta-regression and found that the prevalence of
disease in the study population and whether or not the image readers were blinded was
statistically significantly correlated with the results. Subgroup analyses found that MRI was less
sensitive for evaluation of microcalcifications (84.0% vs. 91.7% summary sensitivity).

The probability that a woman actually has cancer (invasive or in situ) even after a finding of
“benign” on MRI depends on her probability of having cancer before undergoing the test. Bayes’
theorem and the summary likelihood ratios indicate that if a woman with an estimated 5 to 10
percent chance of having cancer undergoes MRI and has a finding of “benign” she will then have
an estimated 1 percent chance of having cancer; a woman with an estimated 20 percent chance of
having cancer who has a finding of “benign” on MRI will then have an estimated 3 percent
chance of having cancer; and a woman with an estimated 50 percent chance of having cancer
who has a finding of “benign” on MRI will then have an estimated 10 percent chance of having
cancer.

Positron Emission Tomography

We identified seven studies of PET********% and one study of PET/CT'® that met our
inclusion criteria. The studies of stand-alone PET included 308 women with 403 suspicious
breast lesions. We combined the data reported by the seven studies of PET into a bivariate
binomial mixed-effects model. The summary sensitivity was 83.0 percent (95% CI: 73.0 to
89.0%) and the summary specificity was 74.0 percent (95% CI: 58.0 to 86.0%). The estimate of
accuracy was judged to be supported by a Low strength of evidence. The dataset contained
moderate heterogeneity (I* = 64.0%). We explored the heterogeneity with meta-regression and
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did not identify any possible causes. Subgroup analyses found that PET was more sensitive for
evaluation of palpable lesions.

The probability that a woman actually does have cancer (invasive or in situ) even after a
finding of “benign” on PET depends on her probability of having cancer before undergoing the
test. Bayes’ theorem and the summary likelihood ratios indicate that if a woman with an
estimated 5 percent chance of having cancer undergoes PET and has a finding of “benign” she
will then have an estimated 1 percent chance of having cancer; a woman with an estimated 20
percent chance of having cancer who has a finding of “benign” on PET will then have an
estimated 6 percent chance of having cancer; and a woman with an estimated 50 percent chance
of having cancer who has a finding of “benign” on PET will then have an estimated 19 percent
chance of having cancer.

Scintimammography

We identified 10 studies of scintimammography'*** and one study of BSGI' that met our
inclusion criteria. The studies included a total of 1,064 suspicious lesions. We combined the data
reported by all 11 studies into a bivariate binomial mixed-effects model. The summary
sensitivity was 84.7 percent (95% CI: 78.0 to 89.7%) and the summary specificity was 77.0
percent (95% CI: 64.7 to 85.9%). The estimate of accuracy was judged to be supported by a low
strength of evidence. The dataset was very heterogeneous (I* = 93.0%). We explored the
heterogeneity with meta-regression and did not identify any possible causes.

The probability that a woman actually does have cancer (invasive or in situ) even after a
finding of “benign” on scintimammography depends on her probability of having cancer before
undergoing the test. Bayes’ theorem and the summary likelihood ratios indicate that if a woman
with an estimated 5 percent chance of having cancer undergoes scintimammography and has a
finding of “benign” she will then have an estimated 1 percent chance of having cancer; a woman
with an estimated 20 percent chance of having cancer who has a finding of “benign” on
scintimammography will then have an estimated 5 percent chance of having cancer; and a
woman with an estimated 50 percent chance of having cancer who has a finding of “benign” on
scintimammography will then have an estimated 17 percent chance of having cancer.

Ultrasound

We identified a total of 31 diagnostic cohort studies of ultrasound. Of these, there were 21
studies of B-mode grayscale ultrasound,'®***® six studies of color Doppler ultrasound, "%+’
and nine studies of power Doppler ultrasound.®>"*">778¢891 ye combined the data reported by
these studies into bivariate binomial mixed-effects models. For B-mode grayscale, summary
sensitivity was 92.4 percent (95% CI: 84.6 to 96.4%) and the summary specificity was 75.8
percent (95% CI: 60.8 to 86.3%); for color Doppler, summary sensitivity was 88.5 percent (95%
CI: 74.4 to 95.4%) and summary specificity was 76.4 percent (95% CI: 61.7 to 86.7%); for
power Doppler, summary sensitivity was 70.8 percent (95% CI: 47 to 86.6%) and summary
specificity was 72.6 percent (95% CI: 59.9 to 82.5%). These estimates of accuracy were all
judged to be supported by a low strength of evidence. The datasets were heterogeneous. We
explored the heterogeneity of the largest dataset (21 studies of B-mode) with meta-regression
and found that whether the studies blinded the image readers and accounted for inter-reader
differences were statistically significantly associated with the results.

The probability that a woman actually does have cancer (invasive or in situ) even after a
finding of “benign” on ultrasound depends on her probability of having cancer before
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undergoing the test. Bayes’ theorem and the summary likelihood ratios indicate that if a woman
with an estimated 5 to 10 percent chance of having cancer undergoes B-mode grayscale
ultrasound and has a finding of “benign” she will then have an estimated 1 percent chance of
having cancer; a woman with an estimated 20 percent chance of having cancer who has a finding
of “benign” on B-mode grayscale ultrasound will then have an estimated 2 percent chance of
having cancer; and a woman with an estimated 50 percent chance of having cancer who has a
finding of “benign” on B-mode grayscale ultrasound will then have an estimated 9 percent
chance of having cancer.

Discussion

According to the American College of Radiology, the threshold of suspicion of malignancy
at which management of women changes is 2 percent.”” After recall and workup, women with a
suspicion of malignancy greater than 2 percent are generally recommended to undergo tissue
sampling of some kind (biopsy), and women with a lower suspicion of malignancy are triaged
into imaging management pathways (short-interval followup or return to regular screening). We
used the 2 percent threshold to explore the clinical usefulness of the various noninvasive imaging
technologies as add-ons to the current standard of care; namely, if a woman was recalled for
evaluation after a screening mammography, and received standard-of-care workup versus
standard-of-care workup plus the noninvasive imaging technology, would use of the noninvasive
imaging technology be likely to alter the recommendations for care after the workup?

For all of the technologies evaluated in this assessment, only women with a low suspicion of
malignancy after standard-of-care workup might be expected to experience a change in
management decisions as a result of additional noninvasive imaging. A woman with a <12
percent suspicion of malignancy who has benign findings on MRI could have her suspicion of
malignancy drop below the 2 percent threshold, and therefore she might be assigned to short-
interval imaging followup management rather than tissue sampling management; a woman with
a 1 percent suspicion of malignancy who has benign findings on MRI could have her suspicion
of malignancy drop to near 0 percent and therefore she might be assigned to return to normal
screening rather than short-interval followup imaging; a woman with a 1 percent suspicion of
malignancy who has malignant findings on MRI could have her suspicion of malignancy
increase to 4 percent and therefore she might be assigned to tissue sampling management rather
than short-interval followup. The equivalent thresholds of pre-test suspicion of malignancy at
which additional imaging may change management are: for B-mode grayscale ultrasound, 1 to
10 percent; for scintimammography, 1 to 5 percent; and for PET, 1 to 5 percent.

Therefore, if the 2 percent threshold is chosen, the use of noninvasive imaging in addition to
standard workup may be clinically useful for diagnostic purposes only for women with a low
suspicion of malignancy. When choosing which noninvasive imaging technology to use for this
purpose, diagnostic B-mode grayscale ultrasound and MRI appear to be more accurate than PET,
scintimammography, or the other types of ultrasound (e.g., Doppler) that were evaluated in this
comparative effectiveness review.

Women thought to be at moderate to high risk of malignancy after standard workup will not
have their estimate of risk of malignancy change sufficiently after further noninvasive imaging to
affect management decisions. For many patients the suspicion of malignancy will not be able to
be estimated with sufficient precision for clinicians to feel comfortable recommending return to
normal screening (rather than a biopsy or short-interval followup) solely on the basis of
additional noninvasive imaging. Estimates of risk of malignancy are based on features of the
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mammographic images, patient characteristics, patient history, and patient family history.
Several of our expert reviewers did not think such precise estimation of risk is feasible using
currently available methods. Potential harms of noninvasive imaging, such as radiation exposure,
also need to be considered when deciding whether to perform these tests.

Changes Since 2006

This CER is an update of a CER finalized in 2006.” The updated results are, in general,
very similar to the findings of the 2006 report. For MRI, in 2006 we found that the sensitivity
was 92.5 percent and the specificity was 75.5 percent; the updated evidence base supported
estimates of 91.7 percent sensitivity and 77.5 percent specificity. In both reports, MRI was found
to be less sensitive (approximately 85%) for evaluation of microcalcifications than for evaluation
of lesions in general. For PET, in 2006 we found that the sensitivity was 82.2 percent and the
specificity was 78.3 percent; the updated evidence base supported estimates of 83.0 percent
sensitivity and 74.0 percent specificity. In the updated report we attempted to evaluate the
accuracy of PET/CT, but only one study that met the inclusion criteria was identified.

For scintimammography, the updated evidence base identified a sensitivity of 84.7 percent,
much higher than the sensitivity estimate from 2006 of 68.7 percent. Specificity was estimated at
84.8 percent in 2006, and at 77.0 percent in the update; however, the confidence intervals around
the updated estimate of specificity are wide. It is possible that improvements in the technology in
the last few years improved the sensitivity of the technique.

For ultrasound, in 2006 we evaluated a relatively small set of studies of B-mode grayscale
ultrasound, and estimated a sensitivity of 86.1 percent and a specificity of 66.4 percent. The
update included a significantly expanded evidence base on B-mode grayscale ultrasound, and
identified a sensitivity of 92.4 percent and specificity of 75.8 percent. In the update we included
numerous other types of ultrasound, including power and color Doppler ultrasound, that were not
studied in the 2006 report.

Remaining Issues

The conclusions of quantitative accuracy were for the most part rated as being supported by
low strength of evidence, due primarily to the imprecision of the estimates (wide confidence
intervals around the estimates of accuracy); the publication of additional diagnostic accuracy
studies are likely to increase the precision of the estimates of accuracy, which may upgrade the
strength of evidence rating. There was also considerable heterogeneity (inconsistency) in the
majority of the evidence bases, which contributed to the low strength of evidence rating. Most
likely the heterogeneity was due to slight differences in imaging methodology or patient
populations across studies; future research intended to tease out factors affecting the accuracy of
imaging may be helpful to the clinician when deciding whether a test may be a useful addition to
standard workup for management of a particular patient.

However, the publication of additional diagnostic accuracy studies is unlikely to affect the
implications of the conclusions. The conclusions of diagnostic accuracy lead indirectly to a
conclusion that only women with a low (1 to 12%) suspicion of malignancy will experience a
“change in management” (which may or may not be beneficial) from the use of these
noninvasive diagnostic tests. Improving the precision of the estimates of accuracy or upgrading
the strength of evidence rating in response to the publication of more diagnostic accuracy studies
will not affect the indirect conclusion. Studies that address the issue of how to establish more
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accurate estimates of malignancy from diagnostic mammography for an individual patient may
be more clinically relevant than additional diagnostic accuracy studies.

A limitation of the current evidence base that should be addressed in future research is the
patient population being evaluated. Many of the currently available studies were conducted only
on women who had been scheduled for biopsy after standard workup, and therefore the patient
population studied is not truly representative of the entire patient population of interest.
Additional studies that enroll women referred for short-interval followup after standard workup
are needed to confirm that the findings of this assessment do apply to the patient population of
interest.

In addition, the majority of studies did not report data separately for different categories of
breast lesions or patient characteristics. Future research should focus on the accuracy of
noninvasive imaging technologies for discrete categories of lesions, such as nonpalpable lesions
classified as BI-RADS 3, or for discrete categories of women, such as women older than age 75.
Information from more granular groupings of women will allow estimates of test accuracy to be
more immediately clinically useful.

Future research efforts should also focus on studies that report the impact of the use of
noninvasive imaging on patient-oriented outcomes such as quality of life, and on evaluation of
newer noninvasive imaging technologies.

Conclusions

Our key findings are summarized in Table A. In conclusion, the use of noninvasive imaging
in addition to standard workup after recall for evaluation of a breast lesion detected on screening
mammography or physical examination may be clinically useful for diagnostic purposes only for
women with a low (1 to 12%) suspicion of malignancy. When choosing which noninvasive
imaging technology to use for this purpose, diagnostic B-mode grayscale ultrasound and MRI
appear to more accurate than PET, scintimammography, or Doppler ultrasound. However,
whether these findings are clinically relevant hinges on whether clinicians can identify those
women who, after standard workup after recall, have a risk of malignancy in this range. Several
expert reviewers of this report expressed doubt about the feasibility of such precise estimation.

Table A. Summary of key findings

Technology sSumrn_a!'y Sum_m_a!'y Pr(_etest Probability ofa Stre_ngth of
ensitivity Specificity Malignancy Threshold Evidence
l?l-trr];zgtejr?c;ayscale 0 (84.69364;2.4%) (60.87?68;2.3%) 11010% Low
MRI (88.59367;21%) (71.073652;)/20.9%) 110 12% '\AtgdLeczsﬁs(Seegi?iict:ii\t/;/t)y)
Scintimammography (78.08:167;2.7%) (64.7730'0;?9%) 1to 5% Low
PET (73.08?60;2.0%) (58.B4£g 0goe%) 1105% Low

* The threshold at which use of the noninvasive imaging test may change the post-test probability of malignancy sufficiently to
trigger a change in patient management.
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Introduction
Background

Breast Cancer

Breast cancer is the second most common malignancy of women.' The American Cancer
Society estimates that in the United States in 2010, 54,010 women were diagnosed with new
cases of in situ cancer, 207,090 women were newly diagnosed as having invasive breast cancer,
and there were 39,840 deaths due to this disease. In the general population, the cumulative risk
of being diagnosed with breast cancer by age 70 is estimated to be 6 percent (lifetime risk of
1304).95%4

The most common type of breast cancer, accounting for over 85 percent of cases diagnosed,
is ductal carcinoma.”® Ductal carcinoma arises within the ducts of the breast from the cells lining
the ducts. Early-stage breast cancer confined to the inside of the duct is referred to as ductal
carcinoma in situ (DCIS). Later stages of ductal carcinoma that have invaded or broken through
the walls of the ducts into nearby tissues may be referred to as invasive or infiltrating ductal
carcinoma. Cases of invasive ductal carcinoma that are found to be well-differentiated specific
subtypes (such as mucinous, medullary, tubular, or papillary) are much rarer than the common
“otherwise not specified” type of invasive ductal carcinoma.

Another type of invasive carcinoma is lobular carcinoma. Lobular carcinoma is similar to
ductal carcinoma, first arising in the terminal ducts of the lobules and then invading through the
walls of the ducts and invading nearby tissues. Other rare types of potentially life-threatening
breast tumors include papillary carcinoma, inflammatory breast cancer, and sarcomas, among
others.”

A number of different breast lesions have been described that, while not malignant, are
believed to predispose to the development of invasive breast carcinomas. These lesions include
atypical ductal hyperplasia (ADH), papillary lesions, radial scars, atypical lobular hyperplasia
(ALH), and lobular carcinoma in situ (LCIS).”® However, the most commonly reported breast
abnormalities diagnosed after screening are benign: benign fibrocystic changes, cysts, and
benign fibroadenomas.

Breast Cancer Diagnosis

Breast cancer is usually first detected by feeling a lump on physical examination (either self-
examination or an exam conducted by a health practitioner) or by observing an abnormality
during x-ray screening mammography. Survival rates depend on the stage of disease at
diagnosis. At stage 0 (carcinoma in situ) the 5-year survival rate is close to 100 percent. The
five-year survival rate for women with stage IV (cancer that has spread beyond the breast) is
only 23 percent.' Because early breast cancer is asymptomatic, the only way to detect it is
through screening of asymptomatic women. Mammography is a widely accepted and used
method for breast cancer screening.”* Meta-analyses of large clinical trials have demonstrated
that mammography screening reduces breast cancer mortality.””**

Mammography uses x-rays to examine the breast for clusters of microcalcifications,
circumscribed and dense masses, masses with indistinct margins, architectural distortion
compared with the contralateral breast, or other abnormal structures. The United States
Preventive Services Task Force (USPSTF) has recently recommended routine screening



mammography every two years for women aged 50 to 74, with decisions to screen women under
the age of 50 made on an individual basis.* After identification of a possible abnormality on
screening mammography or physical examination, women typically undergo additional imaging
studies (diagnostic mammography and/or ultrasound) and a physical examination. If these
studies suggest the abnormality may be malignant, a biopsy of the suspicious area may be
recommended.

The American College of Radiology has created a standardized system for reporting the
results of mammography, the Breast Imaging-Reporting and Data System (BI-RADS®).”*'%!
There are seven categories of assessment, each with an accompanying clinical management
recommendation:

Need additional imaging evaluation and/or prior mammograms for comparison
Negative

Benign finding

Probably benign finding. Initial short interval followup suggested.

Suspicious abnormality. Biopsy should be considered.

Highly suggestive of malignancy. Appropriate action should be taken.

Known biopsy-proven malignancy. Appropriate action should be taken.

Noninvasive breast imaging tests have multiple uses, including image-guidance of biopsy
procedures, searching for multifocal lesions in a woman diagnosed with or at high risk of breast
cancer, and screening women at high risk of breast cancer. This evidence review specifically
focuses only on the use of noninvasive imaging studies that can be conducted after the discovery
of a possible abnormality on screening mammography or physical examination- studies intended
to guide patient management decisions. In other words, these studies are not intended to provide
a final diagnosis as to the nature of the breast lesion; rather, they are intended to provide
additional information about the nature of the lesion such that women can be appropriately
triaged into “biopsy/watchful waiting/return to normal screening intervals” care pathways.

It is important to accurately triage women into the correct care pathway. Women with readily
treatable breast cancers who get incorrectly triaged into “return to normal screening care
pathways” may experience a significant delay in diagnosis and treatment of the cancer. However,
the majority of women who are recalled for further assessment after a screening mammogram
do not have cancer. Elmore et al. estimated that the cumulative risk for a woman having a false-
positive finding on screening mammography is close to 50 percent after 10 years of yearly
screenings.” In addition, diagnostic mammography performed after a mammographic screening
recall often leads to identification of a “probably benign” (BI-RADS 3) lesion. Women with
“probably benign” lesions are usually referred for short-interval repeat mammography
examinations, meaning that they wait for three to six months before being re-tested. Many
women experience considerable emotional distress and anxiety during this waiting period.'®* If
an available noninvasive diagnostic test could assist clinicians in evaluating women recalled for
further investigation after mammographic screening, namely, in assisting in accurately
distinguishing between “benign,” “probably benign,” and “probably not benign” lesions, then
some women could avoid having to spend several months wondering if they have cancer or not.

The majority of women who traditionally have been referred for biopsy also do not have
cancer. Studies in the U.S. generally find that only 20 to 30 percent of women who undergo
biopsy are diagnosed with breast cancer.>'” Exposing large numbers of women who do not have
cancer to invasive procedures may be considered an undesirable medical practice. In conclusion,
current workup after recall results in a large number of false-positives. If additional tests could

NN kW —=O



reduce the false-positive rate without increasing the false-negative rate then it is possible that
women could benefit from adding these tests to standard workup.

Because there are no available studies that directly evaluate whether women benefit from
additional noninvasive imaging, we addressed this important question indirectly. First we
evaluated the accuracy of the imaging tests in distinguishing between “benign” and “malignant”
breast lesions. Inaccurate tests will lead to sub-optimal management decisions and less than
desirable patient outcomes. The accuracy of the noninvasive imaging tests was primarily
measured in terms of sensitivity and specificity. Sensitivity is a measure of how accurately the
test can identify women with cancer; specificity is a measure of how accurately the test can
identify women who do not have cancer. A test with high sensitivity will rarely misclassify
women with cancer as not having cancer, and a test with high specificity will rarely misclassify
women without cancer as having cancer.

The accuracy of a test can also be expressed in a more clinically useful measure, namely,
likelihood ratios. When making medical decisions a clinician can use likelihood ratios and test
results to estimate the probability of an individual woman having breast cancer. Clinicians use
individual patient characteristics (such as age and family history) and features seen on the
diagnostic mammogram (such as microcalcifications or distortions) to estimate a woman’s risk
of malignancy. This estimate is known as a “pre-test” or “prior” probability. The clinician can
then use the likelihood ratios (that express the accuracy of the test) and Bayes’ theorem to decide
if an additional imaging test will be helpful in guiding management decisions.

After establishing the accuracy of the various imaging tests we used the summary likelihood
ratios to prepare simple models of various clinical scenarios to attempt to indirectly address the
implicit question of whether women benefit from the addition of noninvasive imaging tests to
standard work-up after recall for evaluation of a possible breast abnormality detected by
screening mammography or physical examination. This information may be useful to clinicians
in deciding when, or if, it is clinically appropriate to use various types of noninvasive
technologies to evaluate breast abnormalities.

Because women with a previous history of breast cancer and women known to be at high risk
of breast cancer (due to carrying BRCA1 and BRCA2 mutations or having a very strong family
history of breast cancer) have a very different risk profile than the rest of the population, we did
not evaluate the use of noninvasive technologies for such women in this review. Instead, we
focused on the use of noninvasive imaging technology for women from the general population
who present with an abnormal finding by screening mammography or physical examination.
We also (as the evidence permitted) examined the influence of age; the size and morphological
characteristics of the lesion; and other key clinical risk factors on the accuracy of the noninvasive
imaging methods.

Noninvasive Imaging

Noninvasive imaging technologies generally fall into two primary groups: technologies that
examine the anatomy, or physical structure, of the breast; and technologies that detect abnormal
metabolic patterns. Some noninvasive imaging technologies are slightly invasive in that they
require the infusion or injection of a tracer or contrast agent; and some technologies expose
patients to radiation. Each of the noninvasive technologies considered in this review is briefly
introduced in the Results section of this report.



Conceptual Framework

The analytical framework (Figure 1) demonstrates the links between patients, tests,
interventions, and outcomes. The numbers on the diagram refer to the Key Questions (see next
section) and their placement in Figure 1 illustrates the many links separating the Key Questions
from the patient-oriented outcomes. Fryback and Thornbury have proposed a six-level model of
assessing diagnostic efficacy.'™ Level 1 is analytic validity; Level 2 is diagnostic accuracy;
Level 3 is diagnostic thinking; Level 4 is impact on choice of treatment; Level 5 is patient-
oriented outcomes; and Level 6 is societal impact. Demonstration of efficacy at each lower level
is logically necessary, but not sufficient, to assure efficacy at higher levels. Patients and health-
care providers are generally most interested in studies that evaluate the impact of diagnostic tests
on Level 5, patient-oriented outcomes, and on Level 4, impact on choice of treatment. However,
studies that directly link diagnostic tests to patient-oriented outcomes are expensive, require very
long followup, and are difficult to conduct. In the absence of direct evidence, the effect of
diagnostic tests on patient-oriented outcomes can sometimes be estimated by creating indirect
chains of evidence by evaluating other levels. Our literature searches did not identify any
relevant studies that directly reported the impact of the diagnostic tests on patient-oriented
outcomes.

Therefore, we chose to approach this project by conducting a systematic review of the
diagnostic accuracy of various noninvasive methods of evaluating breast abnormalities (Level 2).
After establishing the accuracy of the tests, we constructed an indirect chain of evidence in an
attempt to address Level 4 (impact on choice of treatment or use of additional diagnostic tests),
and where possible Level 5 (impact on patient-oriented outcomes). We used the estimates of
accuracy and the usual clinical scenario to address the implicit, very important question of
whether women benefit from the additional use of these noninvasive imaging tests.



Figure 1. Analytical framework

Patient
population

Diagnostic
interventions

Patient
management

Diagnostic accuracy outcomes
for noninvasive imaging: MRI,
UsS, PET, PET/CT, SC

Patient-oriented
outcomes

Women referred
for further

evaluation after Non-invasive
detection of a Diaanostic imaging:
possible breast mamrgo raoh MRI
abnormality on — grapny Ultrasound
. . and/or
routine screening ultrasound PET
(mammography, PET/CT
clinical SC

examination, self-
examination)

Q)

True negative

{ Reassurance and |

———————————— B improved quality of |
{ life ?

Return to routine screening
or imaging or clinical follow

up

False negative

Demographic or clinical risk
factors impacting accuracy

®

y

Warrants biopsy or

surgery

False positive

r’/Unnecessary biopsy !
or surgery |

True positive

Other factors impacting
accuracy or acceptability

@

Procedure-related
adverse events

CT = computed tomography; MRI = magnetic resonance imaging; PET = positron emission tomography; SC = scintimammography
Note: Figure 1 depicts the Key Questions within the context of the patient population, diagnostic tests, subsequent interventions, and outcomes. In general, the figure illustrates
how the use of additional noninvasive imaging tests may affect decisions about patient management, and how such decisions may impact patient outcomes. The Key Questions are
depicted within the figure as numbers inside circles. Outcomes illustrated but not directly examined in this report are indicated by dashed lines.

Anxiety and reduced
quality of life



Diagnostic Test Characteristics

No diagnostic test is perfect. Studies of test performance compare test results on a group of
individuals, some of whom have the disease and some of whom do not. Each individual
undergoes the experimental test as well as a second reference test to determine “true” disease
status. The relationship between the diagnostic test results and disease status is described using
diagnostic test characteristics. It is important that the reference test is very accurate in measuring
“true” disease status, or else the performance of the experimental diagnostic test will be poorly
estimated.

Sensitivity and Specificity

The results of the experimental and reference standard test and their relationship are
commonly presented as two-by-two (2x2) tables (see Table 1). From the 2x2 table, sensitivity
and specificity are readily calculated:

Sensitivity = TP/(TP+FN)

Specificity = TN/(FP+TN)

Table 1. Example of a 2x2 table

Disease
Present Absent
Positive True positives (TP) False positives (FP)
Test Results - - -
Negative False negatives (FN) True negatives (TN)

Sensitivity and specificity are test properties that are useful when deciding whether to use the
test. Sensitivity is the proportion of people with the disease who have a positive test for the
disease. A test with high sensitivity will rarely misclassify people with the disease as not having
the disease (the test rarely has false-negative errors). Specificity is the proportion of people
without the disease who have a negative test. A test with high specificity will rarely misclassify
people without the disease as diseased (the test rarely has false-positive errors).

Predictive Values and Likelihood Ratios

To make sense of a diagnostic investigation, a clinician needs to be able to make an inference
regarding the probability that a patient has the disease in question according to the result
obtained from the test. Sensitivity and specificity do not directly provide this information.
The predictive values and likelihood ratios can also be directly calculated from a 2x2 table:

Positive predictive value = TP/(TP+FP)

Negative predictive value = TN/(FN+TN)

Positive likelihood ratio = (TP/(TP+FN))/(FP/(FP+TN))
Negative likelihood ratio = (FN/(TP+FN))/(TN/(FP+TN))

The positive predictive value of a test is the probability of a patient having the disease
following a positive test result. The negative predictive value is the probability of a patient not
having the disease following a negative test result. Predictive values describe the probabilities
that positive or negative results are correct for an individual patient. However, predictive values
depend on the prevalence of disease in the population. A study that enrolled a patient population
with a disease prevalence of 70 percent may report a positive predictive value of 80 percent. If a
clinician tests a patient from a population with a disease prevalence of 70 percent, and the test



comes back positive, the clinician knows the patient has an 80 percent chance of having the
disease in question. However, if the patient comes from a population with a disease prevalence
of 20 percent, the clinician cannot apply the results of the study directly to this patient.

Because sensitivity and specificity are difficult to directly apply to clinical situations, and
predictive values vary markedly as a function of disease prevalence (i.e., may be different for
each patient subpopulation) a combined measure of diagnostic performance, the likelihood ratio,
is a more clinically useful diagnostic test performance measure. Negative likelihood ratios
measure the ability of the test to accurately “rule out” disease, and positive likelihood ratios
measure the ability of the test to accurately detect disease.

Likelihood ratios are independent of prevalence and therefore can be directly applied in the
clinic to update an individual’s estimated chances of disease according to their test result.
Likelihood ratios can be used in Bayes’ theorem to calculate post-test odds of having a disease
from the pre-test suspicion of the patient’s odds of having that disease. Clinicians may be
familiar with simple nomograms that allow a direct visualization of post-test chances of disease
given a positive or negative test result, without the need to go through the tedious calculations of
Bayes’ theorem; see, for example, the interactive form of the nomogram provided by the Center
for Evidence-based Medicine at http://www.cebm.net.

When making medical decisions a clinician can use likelihood ratios and the test results to
estimate the probability of an individual woman having breast cancer. Clinicians use individual
patient characteristics such as age, family history, and personal history; and features seen on the
diagnostic mammogram, such as microcalcifications or distortions, to estimate a woman’s risk of
malignancy. This estimate is known as a “pre-test” or “prior” probability. The clinician can then
use the likelihood ratios (that express the accuracy of the test) to help decide if an additional
imaging test will be helpful in guiding management decisions. For example, if a clinician
estimates a woman’s risk of malignancy as “very high >50 percent” or “very low <1 percent”
most likely the use of any additional imaging test will not change the clinician’s management
recommendations, and therefore additional imaging will not be beneficial to the woman.
However, if a clinician estimates a woman’s risk of malignancy as being uncertain or in an
intermediate area, the likelihood ratios can be used to estimate whether an additional test is likely
to change management decisions.

Scope and Key Questions

This systematic review was commissioned by the Agency for Healthcare Research and
Quality (AHRQ) to address the following Key Questions:

Key Question 1. What is the accuracy (expressed as sensitivity, specificity, predictive values,
and likelihood ratios) of noninvasive tests for diagnosis of breast cancer in women referred for
further evaluation after identification of a possible breast abnormality on routine screening
(mammography and/or clinical or self-detection of a palpable lesion)? The noninvasive tests to
be evaluated are:

e Ultrasound (conventional B-mode, color Doppler, power Doppler, tissue harmonics, and

tomography)

e Magnetic resonance imaging (MRI) with breast-specific coils and gadolinium-based

contrast agents, with or without computer-aided diagnosis (CADx)

e Positron emission tomography (PET) with 18-fluorodeoxyglucose (FDG) as the tracer,

with or without concurrent computed tomography (CT) scans



e Scintimammography (SMM) with technetium-99m sestamibi (MIBI) as the tracer,

including Breast Specific Gamma Imaging (BSGI)

Key Question 2. Are there demographic (e.g., age) and clinical risk factors (e.g., morphologic
characteristics of the lesion) that affect the accuracy of the tests considered in Key Question 1?

Key Question 3. Are there other factors and considerations (e.g., safety, care setting, patient
preferences, ease of access to care) that may affect the accuracy or acceptability of the tests
considered in Key Questions 1 and 2?

This report is an update of a Comparative Effectiveness Review (CER) of the same title
originally published in 2006. The Key Questions have been revised and additional diagnostic
tests have been added to the list of tests to be evaluated. The 2006 version of the CER only
evaluated B-mode ultrasound, MRI (without CADx), PET (without CT), and full-body
scintimammography.



Methods

Topic Development

AHRQ requested an update of the evidence report Effectiveness of Noninvasive Diagnostic
Tests for Breast Abnormalities.” The original report was finalized in February 2006. Due to
technological advances and continuing innovation in the fields of noninvasive imaging, the
conclusions of the original report are possibly no longer relevant to current clinical practice.
Consequently, the topic was selected for update. The EPC recruited a technical expert panel
(TEP) to give input on key steps including the selection and refinement of the questions to be
examined. The expert panel membership is provided in the front matter of this report.

Upon AHRQ approval, the draft Key Questions were posted for public comment. After
receipt and consideration of the public commentary, ECRI Institute finalized the Key Questions
and submitted them to AHRQ for approval. These Key Questions are presented in the Scope and
Key Questions section of the Introduction.

ECRI Institute created a work plan for developing the evidence report. The process consisted
of working with AHRQ and the TEP to outline the report’s objectives, performing a
comprehensive literature search, abstracting data, constructing evidence tables, synthesizing the
data, and submitting the report for peer review.

In designing the study questions and methodology at the outset of this report, the EPC
consulted several technical and content experts. Broad expertise and perspectives were sought.
Divergent and conflicted opinions are common and perceived as healthy scientific discourse that
results in a thoughtful, relevant systematic review. Therefore, in the end, study questions, design
and/or methodologic approaches do not necessarily represent the views of individual technical
and content experts.

The topic development procedure employed the “PICOTS” approach; namely, carefully and
clearly defining the Patients, the Intervention(s), the Comparator(s), the Outcomes, the Timing of
followup, and the Setting of care.'®

Patients

The patient population of interest is the general population of women participating in routine
breast cancer screening programs (including mammography, clinical examination, and self-
examination). who have been recalled after discovery of a possible abnormality and who have
already undergone standard work-up, which may include diagnostic mammography and/or
ultrasound (BI-RADS 0, and 3 to 5). Populations that will not be evaluated in this review
include: women thought to be at very high risk of breast cancer due to family history or BRCA
mutations; women with a personal history of breast cancer; women with overt symptoms such as
nipple discharge or pain; and men.

Interventions

The noninvasive diagnostic tests to be evaluated are:

e Ultrasound (conventional B-mode, harmonic, tomography, color Doppler, and
power Doppler)

e Magnetic resonance imaging (MRI) with breast-specific coils and gadolinium-based
contrast agents, with or without computer-aided diagnosis (CADx)



e Positron emission tomography (PET) with 18-fluorodeoxyglucose (FDQ) as the tracer,
with or without concurrent computed tomography (CT) scans, and positron emission
mammography.

e Scintimammography with technetium-99m sestamibi (MIBI) as the tracer, including
Breast Specific Gamma Imaging (BSGI).

Technologies that were proposed for evaluation but, after discussion by the TEP, were not
included, are: elastography; molecular breast imaging; scintimammography using tracers other
than MIBI; PET using tracers other than FDG; digital tomosynthesis mammography; computer-
aided diagnostic x-ray mammography; breast thermography; electrical impedance tomography;
and optical breast imaging. The primary reasons that the TEP decided to not include these
technologies in the current CER was a) insufficient robust evidence available about the
technology at this time; b) no devices that employ the technology are currently available or
approved in the United States; and/or ¢) the technology is primarily intended to be used in the
screening setting.

Comparators

The accuracy of the noninvasive imaging tests was evaluated by a direct comparison to
histopathology (biopsy or surgical specimens) or to clinical followup, or a combination of these
methods. In addition, the relative accuracy of the different tests under evaluation was evaluated
by directly and indirectly comparing the tests (as the reported evidence permitted).

Outcomes

Outcomes of interest are diagnostic test characteristics, namely, sensitivity, specificity, and
likelihood ratios. Adverse events related to the procedures, such as radiation, discomfort, and
reactions to contrast agents, were also discussed.

Timing
Any duration of followup, from same-day interventions to many years of clinical followup,
was evaluated.

Setting

Any care setting was acceptable, including general hospitals, physician’s offices, and
specialized breast imaging centers.

Search Strategy

The medical literature was searched from December 1994 through September 2010. The full
strategy is provided in Appendix A. In brief, we searched 10 external and internal databases,
including PubMed and EMBASE, for clinical trials addressing the Key Questions. To
supplement the electronic searches, we also examined the bibliographies/reference lists of
included studies, recent narrative reviews, and scanned the content of new issues of selected
journals and selected relevant gray literature sources.
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Study Selection

We selected the studies that we consider in this report using a priori inclusion criteria. Some
of the criteria we employed are geared towards ensuring that we used only the most reliable
evidence. Other criteria were developed to ensure that the evidence is not derived from atypical
patients or interventions, and/or outmoded technologies.

Studies of diagnostic test performance compare results of the experimental test to a reference
test. The reference test is intended to measure the “true” disease status of each patient. It is
important that the results of the reference test be very close to the truth, or the performance of the
experimental test will be poorly estimated. For the diagnosis of breast cancer, the “gold
standard” reference test is open surgical biopsy. However, an issue with the use of open surgical
biopsy as the reference standard in large cohort studies of screening-detected breast
abnormalities is the difficulty of subjecting women with probably benign lesions to open surgical
biopsy. Furthermore, restricting the evidence base to studies that used open surgery as the
reference standard for all enrolled subjects would eliminate the majority of the evidence.
Therefore, we have chosen to use a combination of clinical and radiologic followup as well as
core-needle biopsy and open surgical biopsy as the reference standard for our analysis, although
we acknowledge that this decision may cause our analysis to over-estimate the accuracy of the
noninvasive tests.'*

We used the following formal criteria to determine which studies would be included in our
analysis. Many of our inclusion criteria were intended to reduce the potential for spectrum bias.
Spectrum bias refers to the fact that diagnostic test performance is not constant across
populations with different spectrums of disease. For example, patients presenting with severe
symptoms of disease may be easier to diagnose than asymptomatic patients in a screening
population; and a diagnostic test that performs well in the former population may perform poorly
in the latter population. The results of our analysis are intended to apply to a general population
of women participating in routine breast cancer screening programs (mammography, clinical
examination, and self-examination programs) and therefore many of our inclusion criteria are
intended to eliminate studies that enrolled populations of women at very high risk of breast
cancer due to family history, or populations of women at risk of recurrence of a previously
diagnosed breast cancer.

1. The study must have directly compared the test of interest to core-needle biopsy,

open surgery, or clinical followup of the same patient.

Although it is possible to estimate diagnostic accuracy from a two-group trial, the
results of such indirect comparisons must be viewed with great caution. Diagnostic
cohort studies, wherein each patient acts as her own control, are the preferred study
design for evaluating the accuracy of a diagnostic test.'”” Studies may have performed
biopsy procedures on all patients, or may have performed biopsy on some patients and
followed the other patients with clinical examination and mammograms. Fine-needle
aspiration of solid lesions is not an acceptable reference standard for the purposes of this
assessment, %1

Retrospective cohort studies that enrolled all or consecutive patients were considered
acceptable for inclusion. However, retrospective case-control studies and case reports
were excluded. Retrospective case-control studies have been shown to overestimate the
accuracy of diagnostic tests, and case reports often report unusual situations or
individuals that are unlikely to yield results that are applicable to general practice.
Retrospective case studies (studies that selected cases for study on the basis of the type of

106,107
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lesion diagnosed) were also excluded because the data such studies report cannot be

used to accurately calculate the overall diagnostic accuracy of the test.

106

2. The studies must have used current generation scanners and protocols of the selected
technologies only. Other noninvasive breast imaging technologies are out of the scope of

this assessment.

Studies of outdated technology and experimental technology are not relevant to
current clinical practice. Definitions of ““outdated technology™ and ““current technology™
were developed through discussions with experts in relevant fields. Definitions of
““current technology to be included” are defined in Table 2.

Table 2. Noninvasive current technologies to be evaluated

Cutoff Publication Date

Technology (to present) To Exclude Other Inclusion Criteria
Outdated Technology
Ultrasound 1994
. . . Must have used specific breast coils, and
Magnetic resonance imaging (MRI) 2000 used gadolinium-t?ased contrast agents
Must have used specific breast coils, and
used gadolinium-based contrast agents.
CAD systems must be FDA approved for
. . diagnostic breast cancer use, and are
Computer Aided Detection (CAD) MRI 2005 defined as stand-alone third-party
packages that may be added to standard
MRI systems to assist interpretation of the
images.
FDG (fluorodeoxyglucose) as the PET
Positron emission tomography (PET) 2000 tracer; includes positron emission
mammography systems (PEM).
Combined PET/computed tomography 2000 FDG as the PET tracer
(CT) systems
Includes breast specific gamma imaging
(BSGI) and also single photon emission
Scintimammography (SMM) 2005 tomography (SPECT); only studies that

used sestamibi, also called MIBI,
also called Technetium-99m sestamibi, as
the tracer.

3. The study enrolled female human subjects.
Animal studies or studies of ““imaging phantoms™ are outside the scope of the report.
Studies of breast cancer in men are outside the scope of the report. However, studies of
predominantly female patients that enrolled one or two men were considered acceptable.
4. The study must have enrolled patients referred for the purpose of primary diagnosis of a
breast abnormality detected by routine screening (mammography and/or physical

examination).

Studies that enrolled women who were referred for evaluation after discovery of a

possible breast abnormality by screening mammography or routine physical examination
were included. Studies that enrolled subjects that were undergoing evaluation for any of
the following purposes were excluded as being out of scope of the report: screening of
asymptomatic women; breast cancer staging; evaluation for a possible recurrence of
breast cancer; monitoring response to treatment; evaluation of the axillary lymph nodes;
evaluation of metastatic or suspected metastatic disease; or diagnosis of types of cancer
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other than primary breast cancer. Studies that enrolled patients from high-risk
populations such as BRCA1/2 mutation carriers, or patients with a strong family history
of breast cancer, are also out of scope. If a study enrolled a mixed patient population and
did not report data separately, it was excluded if more than 15 percent of the subjects did
not fall into the “primary diagnosis of women at average risk presenting with an
abnormality detected on routine screening’ category.

5. Study must have reported test sensitivity and specificity, or sufficient data to calculate
these measures of diagnostic test performance; or (for Key Question 3) reported factors
that affected the accuracy of the noninvasive test being evaluated.

Other outcomes are beyond the scope of this report.

6. Fifty percent or more of the subjects must have completed the study.

Studies with extremely high rates of attrition are prone to bias and were excluded.

7. Study must be published in English.

Moher et al. have demonstrated that exclusion of non-English language studies from
meta-analyses has little impact on the conclusions drawn. Juni et al found that non-
English studies typically were of lower methodological quality and that excluding them
had little effect on effect size estimates in the majority of meta-analyses they examined.
Although we recognize that in some situations exclusion of non-English studies could
lead to bias, we believe that the few instances in which this may occur do not justify the
time and cost typically necessary for translation of studies to identify those of acceptable
quality for inclusion in our reviews.'**'*3

8. Study must be published as a peer-reviewed full article. Meeting abstracts were not
included.

Published meeting abstracts have not been peer-reviewed and often do not include
sufficient details about experimental methods to permit one to verify that the study was
well designed.***** In addition, it is not uncommon for abstracts that are published as
part of conference proceedings to have inconsistencies when compared to the final
E)Zléblication of the study, or to describe studies that are never published as full articles.***"

9. The study must have enrolled 10 or more individuals per arm.

The results of very small studies are unlikely to be applicable to general clinical
practice. Small studies are unable to detect sufficient numbers of events for meaningful
analyses to be performed, and are at risk of enrolling unique individuals.

10. When several sequential reports from the same patients/study are available, only outcome
data from the most recent report were included. However, we used relevant data from
earlier and smaller reports if the report presented pertinent data not presented in the more
recent report.

The abstracts of articles identified by the literature searches were screened for possible
relevance in duplicate by four analysts. All exclusions at the abstract level were approved by the
lead research analyst. The full-length articles of studies that appeared relevant at the abstract
level were then obtained and three research assistants examined the articles to see if they met the
inclusion criteria. All exclusions were approved by the lead research analyst. The excluded
articles and primary reason for exclusion are shown in the Appendixes.
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Data Abstraction

Standardized data abstraction forms were created and data were entered by each reviewer
into the SRS 4.0 database (see Appendixes). Three research assistants abstracted the data. The
first fifty articles were abstracted in duplicate. All conflicts were resolved by the lead research
analyst.

Study Quality Evaluation

We used an internal validity rating scale for diagnostic studies to grade the quality (internal
validity) of the evidence base (see Appendixes). This instrument is based on a modification of
the QUADAS instrument with reference to empirical studies of design-related bias in diagnostic
test studies.'’*'*! Each question in the instrument addresses an aspect of study design or conduct
that can help to protect against bias. Each question can be answered “yes,” “no,” or “not
reported,” and each is phrased such that an answer of “yes” indicates that the study reported a
protection against bias on that aspect.

Responses to the questions in the quality assessment instrument for each study are presented
in the Evidence Tables in Appendix C.

Strength of Evidence Assessment

We applied a formal grading system that conforms with the CER Methods Guide
recommendations on grading the strength of evidence.'?*'

The overall strength of evidence supporting each major conclusion was graded as High,
Moderate, Low, or Insufficient. The grade was developed by considering four important
domains: the risk of bias in the evidence base, the consistency of the findings, the precision of
the results, and the directness of the evidence.

The risk of bias (internal validity) of each individual study was rated as being Low, Medium,
or High; and the risk of bias of the aggregate evidence base supporting each major conclusion
was similarly rated as being Low, Medium, or High. We used our inclusion/exclusion criteria to
eliminate studies with designs known to be prone to bias from the evidence base. Namely, case
reports, case-control studies, and retrospective studies that did not enroll all or consecutive
patients were not included for analysis. Because we eliminated all studies with a High risk of
bias from the evidence base, we consider the remaining evidence base to have either a Low or
Medium risk of bias.

We initially used an internal validity rating instrument for diagnostic studies to grade the
internal validity of the individual studies (see section above Study Quality Evaluation). However,
after we had conducted meta-regressions investigating the correlation between key individual
items on the quality rating instrument and the results reported by the studies (see Appendix D for
details), we consistently found that the majority of the items on the instrument had no
statistically significant correlation with the reported results (with one exception, discussed
below). We therefore concluded that the quality instrument was not adequately capturing the
potential for bias of the studies in our sample (after eliminating study designs known to be prone
to bias, such as retrospective case-control studies and case reports during the inclusion/exclusion
process). Unlike studies of interventions, diagnostic cohort studies are quite simple in design,
with one group of patients acting as their own controls. As long as all enrolled patients receive
both the diagnostic test and the reference standard test, opportunities for bias (due to study
design or conduct) to affect the results are limited. As mentioned above, we eliminated all
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studies with a High risk of bias due to their study design from the evidence base. We did not
identify any obvious design flaws in the remaining studies that suggested they were at Medium
risk of bias; therefore, we rated all of the included studies, and the aggregate evidence bases, as
being at Low risk of bias.

Meta-regressions did identify a statistically significant correlation between blinding of image
readers to patient clinical information and the reported results of studies of MRI and ultrasound.
Studies that blinded image readers to patient clinical information generally reported the blinded
image readers had less accurate findings. It may, therefore, be that lack of blinding is a design
flaw that is biasing the results. However, an alternative interpretation, which we favor, is that
blinding image readers to patient clinical information is an artificial construct that will rarely
if ever occur in clinical practice; therefore, non-blinded studies are generating an estimate of
accuracy that is closer to the “real” accuracy that can be obtained in clinical practice. The
majority of the studies are either non-blinded or did not specifically state whether they were
blinded, leading us to believe that our aggregate pooled summary estimate of accuracy is close to
the “real” accuracy of the technologies as used in routine clinical practice.

We rated the consistency of conclusions supported by meta-analyses with the statistic
I2.'24123 Datasets that were found to have an I” of less than 50 percent were rated as being
“Consistent”; those with I* of 50 percent or greater were rated as being “Inconsistent”; and
datasets for which I could not be calculated (e.g., a single study) were rated as “Consistency
Unknown.”

For qualitative direct comparisons between different diagnostic tests, we rated conclusions
as consistent if the effect sizes were all in the same direction. For example, when comparing the
accuracy of ultrasound without a contrast agent to the accuracy of ultrasound with a contrast
agent, if the estimates of sensitivity of the individual studies are consistently higher for studies
that used a contrast agent, then the evidence base would be rated as “consistent.”

We defined a “precise” estimate of sensitivity or specificity as one for which the upper AND
lower bound of the 95 percent confidence interval was no more than 5 points away from the
summary estimate; for example, sensitivity 98 percent (95% CI: 97 to 100%) would be a precise
estimate of sensitivity, whereas sensitivity 95 percent (95% CI: 88 to 100%) would be an
imprecise estimate of sensitivity. Precision could be rated separately for summary estimates of
sensitivity and specificity for each major conclusion.

For qualitative direct comparisons between different diagnostic tests, the conclusion is
“Precise” if the confidence intervals around the summary estimates being compared do not
overlap. We did not derive any formal conclusions (or formally rate the strength of evidence for
any speculative statements) about indirect comparisons between different diagnostic tests.

According to the Methods Guide,'*

The rating of directness relates to whether the evidence links the interventions directly to
health outcomes.

For studies of diagnostic test accuracy, the evidence should always be rated as “Indirect”
because the outcome of test accuracy is indirectly related to health outcomes. However, the
Key Questions in this particular comparative effectiveness review do not ask about the impact of
test accuracy on health outcomes. We therefore did not incorporate the “Indirectness” of the
evidence into the overall rating of strength of evidence for these Key Questions because they
did not ask about health outcomes.
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Overall Rating of Strength of Evidence

The initial rating is based on the risk of bias. If the evidence base has a Low risk of bias, the
initial strength of evidence rating is High; if the evidence base has a Moderate risk of bias, the
initial strength of evidence rating is Moderate; if the evidence base has a High risk of bias, the
initial strength of evidence rating is Low. For this particular comparative effectiveness review,
as explained above, the rating of risk of bias was Low for all evidence bases, and therefore the
initial strength of evidence rating is High. The remaining two domains are used to up- or down-
grade the initial rating as per the following flow charts:

Consistent, Precise: High

Inconsistent, Precise: Moderate

Consistent, Imprecise: Moderate

Inconsistent, Imprecise: Low

“Consistency Unknown,” Precise: Low

“Consistency Unknown,” Imprecise: Insufficient

Evidence bases judged to be too small to support an evidence-based conclusion (e.g., one or
two small studies) were simply rated “Insufficient” without formally considering the various
domains. Further details about grading the strength of evidence may be found in the Evidence
Tables section of the Appendixes.

Applicability

The issue of applicability was chiefly addressed by excluding studies that enrolled patient
populations that were not a general population of asymptomatic women participating in routine
breast cancer screening programs. We defined the population of interest as women at average
risk of breast cancer participating in routine breast cancer screening programs (including
mammography, clinical examination, and self-examination) who had been recalled after
discovery of an abnormality and who had already undergone a standard work-up (diagnostic
mammography and/or ultrasound and/or physical examination). We excluded studies that
enrolled women thought to be at very high risk of breast cancer due to personal history, family
history, or known carriers of BRCA mutations, and also excluded studies that enrolled patients
presenting with overt symptoms such as nipple discharge or pain.

Data Analysis and Synthesis

The majority of studies reported data on a per-lesion rather than a per-patient basis, and
therefore we analyzed the data on a per-lesion basis assuming that statistical assumptions about
data independence were not being violated. Because the number of lesions was usually very
similar to the number of patients (i.e., the vast majority of patients only had one lesion) we
do not believe that this assumption will have a significant impact on the results.

We performed a standard diagnostic accuracy analysis. For the diagnostic accuracy analysis:

e True negatives were defined as lesions diagnosed as benign on imaging that were found

to be benign by the reference standard;

e False negatives were defined as lesions diagnosed as benign on imaging that were found

to be malignant (invasive or in situ) by the reference standard;

e True positives were defined as lesions diagnosed as malignant (invasive or in situ) on

imaging that were found to be malignant (invasive or in situ) on the reference standard
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o False positives were defined as lesions diagnosed as malignant that were found to be

benign on the reference standard.

We meta-analyzed the data reported by the studies using a bivariate mixed-effects binomial
regression model as described by Harbord et al.® All such analyses were computed by the
STATA 10.0 statistical software package using the “midas” command.’ The summary likelihood
ratios and Bayes’ theorem were used to calculate the post-test probability of having a benign or
malignant lesion. In cases where a bivariate binomial regression model could not be fit, we meta-
analyzed the data using a random-effects model and the software package Meta-Disc.'” Meta-
regressions were also performed with the STATA software and the “midas” command. We did
not assess the possibility of publication bias because statistical methods developed to assess the
possibility of publication bias in treatment studies have not been validated for use with studies of
diagnostic accuracy.'?*!%’

Diagnostic tests all have a trade-off between minimizing false-negative and minimizing
false-positive errors. False-positive errors that occur during breast screening diagnostic workups
are not considered to be as clinically relevant as false-negative errors. Women who experience a
false-positive error will be sent for unnecessary procedures, and may suffer from anxiety and a
temporarily reduced quality of life, as well as morbidities related to the procedures. However,
women who experience a false-negative error may suffer morbidities, reduced quality of life, and
possibly even a shortened lifespan from a delayed cancer diagnosis.

Likelihood ratios can be used along with Bayes’ theorem to directly compute an individual
woman’s risk of actually having a malignancy following a diagnosis on imaging. However, each
individual woman’s post-test risk varies by her pre-test risk of malignancy. Simple nomograms
are available for in-office use that allow clinicians to directly read individual patients’ post-test
risk off a graph without having to go through the tedium of calculations. Predictive value is
another commonly used measure of errors; however, negative and positive predictive values are
specific to specific populations of women. Predictive values vary by the prevalence of disease in
each specific population and should not be applied to other populations with different
prevalences of disease. For this reason, we have avoided the use of predictive values in this
systematic review.

Peer Review and Public Commentary

A draft of the completed report was sent to the peer reviewers and representatives of AHRQ.
The draft report was posted to the Effective Health Care Web site for public comment. In
response to the comments of the peer reviewers and the public, revisions were made to the
evidence report, and a summary of the comments and their disposition has been submitted to
AHRQ, and will be made publicly available within 3 months of publication of this final report.
Synthesis of the scientific literature presented here does not necessarily represent the views of
individual reviewers.
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Results

Our literature searches identified a total of 4,511 possible articles. After review of the
abstracts, we selected 384 for further review as full-length articles to determine whether they met
the inclusion criteria. The study selection process is summarized in Figure 2. Full details of
excluded articles and reasons for exclusion are shown in the Appendixes. The included articles
are described throughout this Results section. We have organized the Results section by type of
noninvasive test rather than by Key Question.

Figure 2. Study selection process

4,511 articles 4,127 articles
identified by » excluded after
literature searches review of abstracts

Y

384 full-length
articles obtained

y

293 articles excluded

Did not enroll the patient population of interest: 134
Did not use an acceptable reference standard: 44
Study of experimental methods: 26

Did not address the Key Questions: 38

Did not report data of interest: 16
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uawa Ui wivd

Duplicate reports of the same data: 9
Did not use the tracer of interest: 6
Retrospective study that did not enroll all/consecutive
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patients: 14
91 clinical trials Retrospective case-control design: 2
included Reported data from fewer than 50% of the patients: 4
\
[
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41 MRI 31 Ultrasound

1 PET/CT 1 BSGI

Magnetic Resonance Imaging

Background
Technology

Magnetic resonance imaging (MRI) systems use strong magnetic fields and radiofrequency
energy to translate hydrogen nuclei distribution in tissues into computer-generated images of the
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structure of the interior of the breast. MRI does not expose patients to radiation. However, the
procedure is not completely noninvasive because often contrast agents are infused to improve the
resolution of the images.

MRI systems are usually described primarily in terms of strength of the magnet, in the unit
Tesla (T). Systems in commercial use for breast imaging usually vary from 0.5T to 3.0T. In
general, increasing the strength of the magnet increases the spatial resolution of the images. MRI
systems that use field strengths below 1.0T are usually open gantries and are primarily used for
patients who cannot be accommodated inside the bore of a higher field strength magnet due to
claustrophobia. An additional reason for the use of open gantry systems is that MRI-guided
invasive procedures, such as biopsies, are much easier to perform than in closed systems.'*

Surface coils are routinely used in MRI to increase the efficiency of signal detection and, by
extension, the image quality. Dedicated breast coils have been available for some time and are
considered a prerequisite for breast imaging.'” The dedicated breast coils allow the patient to lie
prone with her breasts in close proximity to the coils. Some coils are designed to immobilize the
breasts with compression. The compression reduces the volume to be imaged (and therefore
reduces image acquisition time) and moves the coils closer to the tissue and helps prevent patient
movement (so image quality is improved)."**"*' Coils are described by the number of channels
they contain. In general, increasing the number of channels improves the signal to noise
ratio.**"**!%? Eight-channel breast coils are considered standard equipment for breast MRI
examinations.

While all suppliers of MRI equipment provide suggested protocols for different examination
types, it is common for users to customize these. The degree of protocol customization largely
depends on the clinical users, both radiologists and technologists. Even in tightly controlled
studies with a limited number of institutions all using equipment supplied by the same
manufacturer, differences in technique have been observed.'**

MR images are susceptible to a number of artifacts that could cause image distortion and
false interpretations. In particular, breast MR images are prone to artifacts caused by sternal
wires and prosthetic cardiac valves.">> Also, respiratory motion can be a problem, although when
the patient is prone the effect is reduced.'* Interpretation of the images is a subjective procedure
that requires specialized training."**">” Computer-based tools to partially automate the
interpretation procedure are available and may reduce subjectivity and decrease time required for
image interpretation.'*®

The use of contrast agents for MRI breast examinations is considered standard procedure.
Gadolinium-based paramagnetic contrast agents accumulate in the vascular system and can aid in
visualizing tumors by highlighting areas containing a dense blood vessel network. There are
currently five slightly different gadolinium-based contrast agents in common clinical use:
gadobenate dimeglumine, gadopentetate dimeglumine, gadodiamide, gadoteridol, and
gadoversetamide."*” These agents differ slightly in molecular structure; all, however, consist of
the heavy metal gadolinium bound to a chelating molecule.'* Different agents may have
different imaging properties.'*'"'** When using conventional gadolinium contrast agents, the
exact dose used does not appear to be particularly relevant to image quality when used in the
normal range (0.1 to 0.2 mmol/kg). When contrast is taken up by a lesion, one of three
characteristic enhancement and wash-out curves are usually observed: continuous enhancement,
rapid enhancement followed by a plateau, or rapid enhancement followed by rapid wash-out.
Rapid wash-out is considered indicative of malignancy.'* In premenopausal women, the normal
parenchyma can demonstrate enhancement that can decrease the specificity of breast MRI
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studies.'*>'* The amount of enhancement depends on the stage in the menstrual cycle.

Therefore, in order to ensure accurate results, an MRI study should if possible be performed
during the second week of the menstrual cycle when proliferative changes are at their lowest
level.

For the purposes of this assessment, only MRI conducted on a 0.5 to 3T system using
dedicated breast coils and gadolinium-based contrast agents has been considered. These
requirements were selected because they describe the systems and methods currently considered
to be “standard practice” for breast imaging; other systems and methods would be unlikely to
produce results that would be applicable to current clinical practice.'*’

Patient Safety and Comfort

A number of well-known safety hazards exist when a patient is undergoing an MRI exam.
Examples include: patient heating, pacemaker malfunction, dislodgment of metallic implants,
peripheral nerve stimulation, acoustic noise, and radio frequency induced burns.'*"*!
Precautions are taken at MRI facilities to routinely screen patients for possible contraindications.
Patients are routinely asked to wear earplugs and are given an emergency call button. No adverse
effects have been conclusively identified in association with the magnetic fields to which
patients are exposed during routine MRI scanning.'**'> Therefore, so long as routine
precautions are followed, breast MRI can be considered a safe exam for most patients.

A search for reports of patient discomfort did not find any reports of severe discomfort.

In fact, in order to decrease patient motion, it is important that the patient be as comfortable as
possible.'* Breast compression does increase the level of discomfort, but the amount is not
significant, particularly when compared to the compression that is exerted during x-ray
mammography exams.

Gadolinium-based contrast agents are generally considered to be very safe for most patients;
some patients may experience allergic reactions which are generally mild."**'">” However, in
2007, FDA requested that manufacturers include a new warning on the labeling of all
gadolinium-based contrast agents which are used to enhance MRI."*° The new labeling warns
that the use of these agents increases the risk of development of nephrogenic systemic fibrosis
(NSF) in patients with pre-existing acute or chronic severe renal insufficiency or renal
dysfunction due to recent liver transplantation or hepatorenal syndrome."”*'*° NSF is a
progressive, disabling, and potentially fatal disorder that leads to deposition of excessive
connective tissue in the skin and internal organs. The condition was previously unknown; the
typical patient is a middle-aged individual with severe renal disease who first exhibits skin
changelsa% to 4 weeks after undergoing an MRI examination that used gadolinium-based contrast
agents.

Accreditation Factors

General-purpose MRI systems are cleared for marketing by United States Food and Drug
Administration (FDA) under the 510(k) process. Accessories such 