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Imaging of Invasive Breast Cancer 

Variant 1: Newly diagnosed. Clinical stage I-IIA (early stage) breast cancer at presentation. Evaluation 
for locoregional disease (includes invasive ductal carcinoma [IDC], or invasive lobular 
carcinoma [ILC], or not otherwise specified [NOS]). 

Procedure Appropriateness Category Relative Radiation Level 

US breast Usually Appropriate O 

Digital breast tomosynthesis diagnostic Usually Appropriate ☢☢ 

Mammography diagnostic Usually Appropriate ☢☢ 

MRI breast without and with IV contrast  Usually Appropriate O 

US axilla May Be Appropriate O 

Mammography with IV contrast May Be Appropriate ☢☢ 

MRI breast without IV contrast  Usually Not Appropriate O 

Bone scan whole body Usually Not Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Not Appropriate ☢☢☢☢ 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 

Variant 2: Newly diagnosed. Clinical stage I-IIA (early stage) breast cancer at presentation. Evaluation 
for distant disease (includes IDC, or ILC, or NOS). 

Procedure Appropriateness Category Relative Radiation Level 

US axilla Usually Not Appropriate O 

US breast Usually Not Appropriate O 

Digital breast tomosynthesis diagnostic Usually Not Appropriate ☢☢ 

Mammography diagnostic Usually Not Appropriate ☢☢ 

Mammography with IV contrast Usually Not Appropriate ☢☢ 

MRI breast without and with IV contrast  Usually Not Appropriate O 

MRI breast without IV contrast  Usually Not Appropriate O 

Bone scan whole body Usually Not Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Not Appropriate ☢☢☢☢ 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 
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Variant 3: Newly diagnosed. Clinical stage IIB-III (late stage) breast cancer at presentation. Evaluation 
for locoregional disease (includes IDC, or ILC, or NOS). 

Procedure Appropriateness Category Relative Radiation Level 

US axilla Usually Appropriate O 

US breast Usually Appropriate O 

Digital breast tomosynthesis diagnostic Usually Appropriate ☢☢ 

Mammography diagnostic Usually Appropriate ☢☢ 

MRI breast without and with IV contrast  Usually Appropriate O 

FDG-PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢☢ 

Mammography with IV contrast May Be Appropriate ☢☢ 

MRI breast without IV contrast Usually Not Appropriate O 

Bone scan whole body Usually Not Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Not Appropriate ☢☢☢☢ 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 

Variant 4: Newly diagnosed. Clinical stage IIB-III (late stage) breast cancer at presentation. Evaluation 
for distant disease. IDC or ILC that is ER+/HER2-. 

Procedure Appropriateness Category Relative Radiation Level 

Bone scan whole body Usually Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢ 

FDG-PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢☢ 

US axilla Usually Not Appropriate O 

US breast Usually Not Appropriate O 

Digital breast tomosynthesis diagnostic Usually Not Appropriate ☢☢ 

Mammography diagnostic Usually Not Appropriate ☢☢ 

Mammography with IV contrast Usually Not Appropriate ☢☢ 

MRI breast without and with IV contrast  Usually Not Appropriate O 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 
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Variant 5: Newly diagnosed. Clinical stage IIB-III (late stage) breast cancer at presentation. Evaluation 
for distant disease. IDC or ILC that is HER2+ or triple negative (ER, PR, and HER2-). 

Procedure Appropriateness Category Relative Radiation Level 

Bone scan whole body Usually Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢ 

FDG-PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢☢ 

US axilla Usually Not Appropriate O 

US breast Usually Not Appropriate O 

Digital breast tomosynthesis diagnostic Usually Not Appropriate ☢☢ 

Mammography diagnostic Usually Not Appropriate ☢☢ 

Mammography with IV contrast Usually Not Appropriate ☢☢ 

MRI breast without and with IV contrast  Usually Not Appropriate O 

MRI breast without IV contrast  Usually Not Appropriate O 

MRI head without and with IV contrast Usually Not Appropriate O 

MRI head without IV contrast Usually Not Appropriate O 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 

Variant 6: Surveillance. Regardless of clinical stage of breast cancer at time of original presentation. 
Evaluation for local recurrence in patient with history of BCT. 

Procedure Appropriateness Category Relative Radiation Level 

Digital breast tomosynthesis diagnostic Usually Appropriate ☢☢ 

Digital breast tomosynthesis screening Usually Appropriate  

Mammography diagnostic Usually Appropriate ☢☢ 

Mammography screening Usually Appropriate  

Mammography with IV contrast May Be Appropriate ☢☢ 

MRI breast without and with IV contrast  May Be Appropriate O 

US breast Usually Not Appropriate O 

MRI breast without IV contrast  Usually Not Appropriate O 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 
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Variant 7: Surveillance. Regardless of clinical stage of breast cancer at time of original presentation. 
Evaluation for local recurrence in patient with history of mastectomy. 

Procedure Appropriateness Category Relative Radiation Level 

MRI breast without and with IV contrast  May Be Appropriate O 

US breast Usually Not Appropriate O 

Digital breast tomosynthesis diagnostic Usually Not Appropriate ☢☢ 

Digital breast tomosynthesis screening Usually Not Appropriate  

Mammography diagnostic Usually Not Appropriate ☢☢ 

Mammography screening Usually Not Appropriate  

Mammography with IV contrast Usually Not Appropriate ☢☢ 

MRI breast without IV contrast Usually Not Appropriate O 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 

Variant 8: Suspected local recurrence of breast cancer based on symptoms, physical examination, or 
laboratory value in patient with history of BCT. Regardless of clinical stage at time of original 
presentation. 

Procedure Appropriateness Category Relative Radiation Level 

US breast Usually Appropriate O 

Digital breast tomosynthesis diagnostic Usually Appropriate ☢☢ 

Mammography diagnostic Usually Appropriate ☢☢ 

Mammography with IV contrast May Be Appropriate ☢☢ 

MRI breast without and with IV contrast  May Be Appropriate O 

MRI breast without IV contrast  Usually Not Appropriate O 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 

Variant 9: Suspected local recurrence of breast cancer based on symptoms, physical examination, or 
laboratory value in patient with history of mastectomy. Regardless of clinical stage at time of 
original presentation. 

Procedure Appropriateness Category Relative Radiation Level 

US breast Usually Appropriate O 

Digital breast tomosynthesis diagnostic Usually Not Appropriate ☢☢ 

Mammography diagnostic Usually Not Appropriate ☢☢ 

Mammography with IV contrast Usually Not Appropriate ☢☢ 

MRI breast without and with IV contrast  Usually Not Appropriate O 

MRI breast without IV contrast  Usually Not Appropriate O 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 
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Variant 10: Surveillance. Regardless of clinical stage of breast cancer at time of original presentation. 
Evaluation for distant metastatic disease. 

Procedure Appropriateness Category Relative Radiation Level 

US axilla Usually Not Appropriate O 

Digital breast tomosynthesis diagnostic Usually Not Appropriate ☢☢ 

Mammography diagnostic Usually Not Appropriate ☢☢ 

MRI head without and with IV contrast Usually Not Appropriate O 

MRI head without IV contrast Usually Not Appropriate O 

Bone scan whole body Usually Not Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Not Appropriate ☢☢☢☢ 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 

FDG-PET/CT skull base to mid-thigh Usually Not Appropriate ☢☢☢☢ 

Variant 11: Suspected distant recurrence of breast cancer based on symptoms, physical examination, or 
laboratory value. Regardless of clinical stage at time of original presentation. 

Procedure Appropriateness Category Relative Radiation Level 

MRI head without and with IV contrast Usually Appropriate O 

Bone scan whole body Usually Appropriate ☢☢☢ 

CT chest abdomen pelvis with IV contrast Usually Appropriate ☢☢☢☢ 

FDG-PET/CT skull base to mid-thigh Usually Appropriate ☢☢☢☢ 

MRI head without IV contrast Usually Not Appropriate O 
CT chest abdomen pelvis without and with IV 
contrast Usually Not Appropriate ☢☢☢☢ 

CT chest abdomen pelvis without IV contrast Usually Not Appropriate ☢☢☢☢ 
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IMAGING OF INVASIVE BREAST CANCER 

Expert Panel on Breast Imaging: Elizabeth S. McDonald, MD, PhDa; John R. Scheel, MD, PhD, MPHb;  
Alana A. Lewin, MDc; Susan P. Weinstein, MDd; Katerina Dodelzon, MDe; Basak E. Dogan, MDf;  
Amy Fitzpatrick, MDg; Cherie M. Kuzmiak, DOh; Mary S. Newell, MDi; Lisa V. Paulis, MDj;  
Melissa Pilewskie, MDk; Lonie R. Salkowski, MD, PhD, MSl; H. Colleen Silva, MDm;  
Richard E. Sharpe Jr., MD, MBAn; Jennifer M. Specht, MDo; Gary A. Ulaner, MD, PhDp;  
Priscilla J. Slanetz, MD, MPHq. 

Summary of Literature Review 

Introduction/Background 
In 2022, the American Cancer Society estimates more than 287,000 women in the United States will be diagnosed 
with and >43,000 will die from invasive breast cancer [1]. Invasive breast cancer is defined as a proliferation of 
cells in the breast milk ducts (ductal) or glands that make milk (lobular) that has spread outside of these components 
into the surrounding tissue. The American Joint Commission on Cancer (AJCC) categorizes invasive breast cancer 
anatomic stage based on tumor size, lymph node status (locoregional spread), and spread to distant sites (metastatic 
disease). Stage I/IIA cancers are <2 cm and involve ≤3 axillary lymph nodes or are 2 to 5 cm without axillary lymph 
node spread. Stage IIB include tumors that are >5 cm or 2 to 5 cm with 1 to 3 involved axillary nodes, and stage III 
tumors are any size with >3 involved axillary lymph nodes or direct extension to the skin or chest wall or >5 cm 
with 1 to 3 involved nodes. Locoregional spread refers to involvement of the draining regional lymph node basins. 
Although this usually refers to the ipsilateral axilla, regional spread can also be to the infraclavicular (level III 
axillary), supraclavicular, and internal mammary/parasternal nodal basins [2]. Contralateral lymph node 
involvement is classified as distant (stage IV) disease in the absence of synchronous contralateral breast malignancy 
[2]. Any clavicular nodal metastasis is classified as N3, whereas metastases to the internal mammary nodes are 
classified as N2 [3]. Stage IV disease has spread beyond the breast and locoregional lymph nodes to involve other 
areas in the body, such as the lungs, liver, bone or brain. In 2018, tumor grade, hormone receptor (estrogen [ER] 
and progesterone [PR]) status, and human epidermal growth factor (HER2) were added to improve prognostication, 
along with multigene panel results for earlier stage ER-positive tumors. Although AJCC anatomic staging is still 
used, validated prognostic biomarkers, as described above, now augment anatomic extent in a refined AJCC clinical 
prognostic stage to allow for more informed shared clinical decisions [4]. The difference between early (I/II) and 
later stage (III) is critical to management and prognosis because early stage carries a 93% to 98% 10-year survival, 
compared with a 70% to 88% 5-year survival for later stage [5]. It is important to note that in the United States, 
breast cancer mortality is 40% higher among Black women than among non-Hispanic White women (27.7 versus 
20.0 deaths per 100,000 women from 2014 through 2018) [6,7]. The reasons for survival disparities are 
multifactorial, including access to care, social determinants of health, cancer genomics, and allostatic load. Lack of 
historical availability of diverse translational models of disease for drug development may also play a role. Correct 
staging in all women and men is critical because stage determines treatment, with recommendations ranging from 
lumpectomy and no chemotherapy to mastectomy with years of chemotherapy, immunotherapy, and hormonal 
treatment. The goal of this document is to formulate evidence-based guidelines that allow for correct staging, while 
avoiding unnecessary imaging that can lead to additional cost and testing without patient benefit. 

Despite current American Society of Clinical Oncology (ASCO) Choosing Wisely® recommendations, 
inappropriate use of advanced imaging for staging occurs in 15% to 42% of women with early stage breast cancer 
[8,9] and results in follow-up imaging, biopsies, and delays in care without improvement in outcomes [9]. This 
document evaluates the evidence for imaging to determine extent of disease in the setting of newly diagnosed early- 
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and later-stage breast cancer prior to treatment. Additionally, we investigate the use of surveillance imaging after 
completion of treatment, both in the asymptomatic and symptomatic settings. In the post-treatment setting, we 
differentiate recommended imaging algorithms by symptomatology, because routine screening of asymptomatic 
patients after treatment for metastatic disease does not provide survival benefit, but early detection of nonmetastatic 
recurrence does improve overall outcomes [10]. 

Special Imaging Considerations 
Although still investigational, whole body diffusion weighted imaging and whole body fluorine-18-2-fluoro-2-
deoxy-D-glucose (FDG) PET/MRI may show improved staging compared with whole body FDG-PET/CT in 
patients with later-stage disease [11-15]. Further studies are warranted to support their use in routine practice. 

Breast-specific gamma imaging (BSGI) or molecular breast imaging (MBI) have been evaluated in the setting of 
newly diagnosed disease. One of the largest studies by Sumkin et al [16] compared MRI, contrast-enhanced 
mammography (CEM), and MBI in 99 patients, and all modalities had similar cancer detection rates. In that study, 
MBI was effective for local staging with a similar visualization of index cancers and a higher specificity for 
additional malignancy than MRI. BSGI also showed a similar high sensitivity as MRI (88.8% versus 90.1%, 
respectively) and a higher specificity (92.3% versus 39.4%), respectively, in a different study [17]. BSGI/MBI may 
provide an alternative to MRI for preoperative estimation of total tumor size and extent of disease, although further 
study is warranted [18]. The use of 16α-18F-fluoro-17β-estradiol noninvasively characterizes ER ligand-binding 
function of breast cancer lesions and can be used for the detection of ER-positive lesions as an adjunct to biopsy in 
patients with recurrent or metastatic breast cancer [19]. 

Discussion of Procedures by Variant 
Variant 1: Newly diagnosed. Clinical stage I-IIA (early stage) breast cancer at presentation. Evaluation for 
locoregional disease (includes invasive ductal carcinoma [IDC], or invasive lobular carcinoma [ILC], or not 
otherwise specified [NOS]). 
Bone Scan Whole Body 
There is no evidence to support the use of Tc-99m bone scan whole body to evaluate for locoregional disease. 

CT Chest, Abdomen, and Pelvis With IV Contrast 
Few studies have evaluated the use of CT chest, abdomen, and pelvis with intravenous (IV) contrast to determine 
locoregional disease. A study investigating the use of CT at evaluating locoregional disease, stages I to III, adding 
CT to mammogram, ultrasound (US) and physical examination correctly changed the surgical approach in 13.1% 
of patients, based on final pathology. However, CT failed to show any disease (false-negative) in 10.8% and had a 
low sensitivity for detecting multicentric and multifocal tumors [20]. 

CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
The majority of clinical questions for abdominal and/or pelvic CT can be appropriately answered with a single-
phase study as detailed in the ACR–Society of Advanced Body Imaging (SABI)–Society for Pediatric Radiology 
(SPR) practice parameter for the performance of CT of the abdomen and CT of the pelvis [21]. 

CT Chest, Abdomen, and Pelvis Without IV Contrast 
There is no evidence to support the use of CT chest, abdomen, and pelvis without IV contrast to evaluate for 
locoregional disease. 

Digital Breast Tomosynthesis Diagnostic 
Diagnostic mammography and US together can assess for extent of disease and tumor size. These imaging tests are 
usually already completed as part of the diagnostic workup (prior to pathological diagnosis). However, 
mammography is limited by breast density. In a prospective study of 111 consecutive women with newly diagnosed 
breast cancer, sensitivity of 2-D mammography for malignancy decreased from 100% in breasts that are almost 
entirely fatty to 45% in extremely dense breasts [22]. In addition, 2-D mammography was more sensitive than US 
in detecting ductal carcinoma in situ (DCIS) and less sensitive in detecting ILC. 

Digital breast tomosynthesis (DBT) shows a higher overall sensitivity, compared with 2-D mammography, with a 
similar specificity. Overall sensitivity for DBT was 88.2% compared with 78.3% for 2-D mammography [23]. DBT 
also has a higher sensitivity for detecting multifocal, multicentric, and contralateral breast cancer [24,25]. The 
improved diagnostic performance of DBT over 2-D mammography in breast cancer staging was limited to women 
with nondense breasts in 1 study [24], but not others [25]. 
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The correlation between mammographic size and pathologic size is variable. Some studies show mammographic 
size to be superior to US [26], whereas others show it to be inferior in the case of invasive lobular histology [27]. 
At least some of this variation may be related to tumor subtype. Mammography shows a higher correlation with 
pathologic size for DCIS and HER2/neu-negative invasive cancers and a lower correlation for hormone receptor–
negative and HER2/neu-positive invasive cancers compared with US [27]. The accuracy of DBT in assessing tumor 
size was 70.4% compared with 60.2% on 2-D mammography [28]. However, The Screening with Tomosynthesis 
Or standard Mammography-2 (STORM-2) trial showed that DBT tended to overestimate tumor size in women with 
dense breasts, compared with those with nondense breasts; this was more likely to impact management in women 
with larger tumors [29]. Despite the limitations of mammography in women with dense breasts, breast density was 
not a predictor of positive margins or conversion to mastectomy [30]. 

However, 2-D mammography is limited in detecting and measuring the size of ILC, which often presents as 
architectural distortion and uncommonly has associated calcifications [31]. Multiple studies have shown DBT to be 
superior to digital mammography (DM) alone in ILC detection, with the differential performance between DM/DBT 
and DM greatest in ILC when compared with IDC [32]. Therefore, it follows that DBT is also more accurate than 
DM in evaluating extent of disease for this subtype, which is commonly multicentric, multifocal, and sometimes 
bilateral. Still, DBT can underestimate the true pathologic extent of ILC [33], so MRI may be warranted in this 
subtype, as discussed below. In a retrospective study of 904 women with breast cancer (n = 97 ILC) imaged with 
mammography ± US, 38.8% of women with ILC undergoing breast-conserving surgery required re-excision 
compared with 22.3% with IDC [34]. 

Due to patient positioning constraints, 2-D mammography and DBT have limited value for evaluating the axilla. In 
a single-institution retrospective study of 3,944 patients with breast cancer, mammography improved the sensitivity 
over US alone for distinguishing N0 to N1 from N2 and N3, but at a lower specificity [35]. After the American 
College of Surgeons Oncology Group (ACOSOG) Z0011 trial supported the omission of axillary lymph node 
dissection in women with <3 positive sentinel lymph nodes undergoing breast-conserving surgery and radiation 
therapy, some providers now request that radiologists not image the axilla in the setting of clinically node-negative 
disease [36]. Even when neoadjuvant chemotherapy is planned, radiologists should be thoughtful about whether to 
image the axilla, discussing risks and benefits with surgical colleagues, because it is not universally recommended 
[37]. 

FDG-PET/CT Skull Base to Mid-Thigh 
FDG-PET/CT has limited sensitivity for subcentimeter lesions. For this reason, it is seldom used for determining 
locoregional extent in the breast. Nevertheless, some studies have evaluated the use of PET/CT for detecting the 
primary tumor and estimating tumor size. From these studies, the overall sensitivity for detecting the primary tumor 
was 77% to 94% [38-40]. The sensitivity of PET/CT is lower (59%) when the tumor is ≤1 cm [41]. PET/CT is 
inferior at estimating T stage compared with MRI (T-stage accuracy is 68% with PET/CT versus 82% with MRI, P 
< .05). Specificity ranged from 94% to 100% [38,39]. Additionally, PET/CT failed to identify additional lesions in 
up to 57% of patients with multicentric or multifocal disease [40]. 

PET/CT has the potential to have greater sensitivity than US for axillary staging because it uses a functional 
measurement instead of an anatomic determination (eg, cortical thickness, loss of fatty hilum) as criteria for 
determining suspicion for metastatic disease [42]. Surgical studies show that 21% to 33% of T1 and 45% to 60% 
T2 tumors with normal appearing lymph nodes have metastatic disease on pathological examination [43]. Thus, 
studies have queried whether a functional measurement might be better. One study retrospectively evaluated 
PET/CT in 826 consecutive patients with breast cancer and showed a sensitivity and specificity of 74.7% and 83,4%, 
respectively, for identifying metastatic disease. Studies show a negative predictive value (NPV) from 87% to 88% 
[39,44]. Other studies show the sensitivity and specificity for detecting lymph node metastasis as 79% and 100%, 
respectively [38]. However, Sohn et al [45] showed a higher sensitivity for US plus fine-needle aspiration (FNA) 
at determining lymph node status than PET/CT (83% versus 80%, respectively). Despite extensive scientific 
investigation, given the results above and the Z0011 trial, the role of PET/CT in determining locoregional extent is 
likely nominal. 

Mammography Diagnostic 
Diagnostic mammography and US together can assess for extent of disease and tumor size. These imaging tests are 
usually already completed as part of the diagnostic workup (prior to pathological diagnosis). However, 
mammography is limited by breast density. In a prospective study of 111 consecutive women with newly diagnosed 
breast cancer, the sensitivity of 2-D mammography for malignancy decreased from 100% in breasts that are almost 
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entirely fatty to 45% in extremely dense breasts [22]. In addition, 2-D mammography was more sensitive than US 
in detecting DCIS and less sensitive in detecting ILC.  

DBT shows a higher overall sensitivity, compared with 2-D mammography, with similar specificity. Overall 
sensitivity for DBT was 88.2% compared with 78.3% [23]. DBT has a higher sensitivity for detecting multifocal, 
multicentric, and contralateral breast cancer [24,25]. The improved diagnostic performance of DBT over 2-D 
mammography in breast cancer staging was limited to women with nondense breasts in 1 study [24], but not others 
[25]. 

The correlation between mammographic size and pathologic size is variable. Some studies demonstrate the 
assessment of size with mammography to be superior to US [26], whereas others show it to be inferior [46]. At least 
some of this variation may be related to tumor subtype. Mammography shows a higher correlation with pathologic 
size for DCIS and HER2/neu-negative invasive cancers and a lower correlation for hormone receptor–negative and 
HER2/neu-positive invasive cancers compared with US [27]. The accuracy of DBT in assessing tumor size was 
70.4% compared with 60.2% on 2-D mammography [28]. However, the STORM-2 trial showed that DBT tended 
to overestimate tumor size in women with dense breasts, compared with those with nondense breasts; this difference 
was more likely to impact management in women with larger tumors [29]. Despite the limitations of mammography 
in women with dense breasts, breast density was not a predictor of positive margins or conversion to mastectomy 
[30]. 

However, 2-D mammography is limited in detecting and measuring the size of ILC, which often presents as 
architectural distortion and uncommonly has associated calcifications [31]. Multiple studies have shown DBT to be 
superior to DM alone in ILC detection, with the differential performance between DM/DBT and DM greatest in 
ILC when compared with IDC [32]. Therefore, it follows that DBT is also more accurate than DM in evaluating the 
extent of disease for this subtype, which is commonly multicentric, multifocal, and sometimes bilateral. Still, DBT 
can underestimate the true pathologic extent of ILC [33], so MRI may be warranted in this subtype, as discussed 
below. Supporting this, in a retrospective study of 904 women with breast cancer (n = 97 ILC), imaged with 
mammography ± US, 38.8% of women with ILC undergoing breast-conserving surgery required re-excision 
compared with 22.3% with IDC [34]. 

Due to patient positioning constraints, 2-D mammography and DBT have limited value for evaluating the axilla. In 
a single-institution retrospective study of 3,944 patients with breast cancer, mammography improved the sensitivity 
over US alone for distinguishing N0 to N1 from N2 and N3, but at a lower specificity [35]. After the ACOSOG 
Z0011 trial supported the omission of axillary lymph node dissection in women with <3 positive sentinel lymph 
nodes undergoing breast-conserving surgery and radiation therapy, some providers may request that radiologists 
not image the axilla in the setting of clinically node-negative disease [36]. Radiologists can be thoughtful about 
whether to image the axilla, discussing risks and benefits with surgical colleagues, because it is not universally 
recommended [37]. 

Mammography With IV Contrast 
Several retrospective studies have compared the sensitivity and specificity of CEM with conventional 2-D and 3-D 
mammography, US, and MRI. Overall, CEM and MRI are superior to DM and DM/DBT imaging [47]. The 
sensitivities between CEM and MRI are comparable, with some studies showing improved sensitivities with CEM 
[48] and some showing MRI to be superior [49,50]. Overall sensitivities ranged from 92% to 100% [16,49,51-53], 
including CEM detecting 92.3% of satellite masses and up to 100% of contralateral cancers [28]. CEM and MRI 
show similar abilities to estimate tumor size (r = 0.72-0.89 versus 0.65-0.84), but studies have shown an improved 
positive predictive value (PPV) of CEM (52%-93%) compared with MRI (28-60%) [16,49,53]. Despite increased 
specificity over MR, limitations of contrast mammography in determining disease extent include evaluation of the 
axilla and other nodal groups as well as chest wall involvement [47], and there is evidence against using CEM to 
determine disease extent in lobular cancer, due to lower conspicuity [54]. 

MRI Breast Without and With IV Contrast  
MRI breast is useful for detecting additional cancers in the ipsilateral or contralateral breast [16,55], particularly in 
women with dense breasts [23,56,57]. A meta-analysis of 22 studies investigated MRI screening of the contralateral 
breast in women with newly diagnosed breast cancer. This meta-analysis reported contralateral malignancies that 
were detected by MRI in 131 of 3,253 women. Thus, the summary estimate for incremental cancer detection rate 
was 4.1%. In studies in which pathologic tumor stage was reported, all but 2 tumors were in situ or stage I, and of 
those 2 tumors, 1 was node-negative ILC (42 mm). Summary estimates were as follows: MRI-directed additional 
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biopsy in 9.3% of women (95% confidence interval [CI], 5.8%-14.7%) with PPV for malignancy of 47.9% (95% 
CI, 31.8%-64.6%). Where reported, 35.1% of MRI-detected cancers were DCIS (mean size = 6.9 mm) and 64.9% 
were invasive cancers (mean size = 9.3 mm) [58].  

MRI can accurately assess tumor size for preoperative planning [50,59-61]. In a study involving 343 tumors, size 
measurements of cancers on breast MRI were within 5 mm of pathological size in 88% of patients [60]. Still, other 
studies using mastectomy specimens have shown that MRI underestimates primary tumor size in 21% and 
overestimates primary tumor size in 24% of cases [62]. MRI also overestimated the number of invasive lesions by 
19% and underestimated the number of invasive lesions in 28% in the same study [62]. These data underscore the 
importance of using biopsy to pathologically confirm MRI findings instead of relying on them to alter surgical 
planning, especially when the MRI finding is nonmass enhancement [63]. 

In addition to tumor size assessment, some studies show a reduction in re-excision after preoperative MRI [64-68]. 
For example, in a study of 991 women, preoperative MRI changed the surgical procedure in 25% (157/626) of 
cases. In 81% (127/157), MRI benefited some patients, as otherwise occult carcinomas were removed (n = 122) and 
further biopsy prevented (n = 5) [67]. In this trial, the rate of mastectomy did not differ between patients undergoing 
preoperative MRI and those who did not. A recent multinational observational study at 27 centers also found that 
subjects receiving MR as part of routine clinical care had a significantly lower reoperation rate after breast 
conservation (8.5% versus 11.7%, P < .001) [69]. However, other large multicenter studies, such as the comparative 
effectiveness of MRI in breast cancer (COMICE) trial, showed the addition of MRI to conventional imaging was 
not significantly associated with a reduced reoperation rate, with 153 (19%) needing reoperation in the MRI group 
versus 156 (19%) in the non-MRI group (odds ratio [OR], 0.96; 95% CI, 0.75-1.24; P = .77) [70]. Although the 
findings are important, limitations from the COMICE trial are also noted, such as its inclusion of patients from 
several small centers where technical factors and varying degree of experience among interpreting radiologists 
could have influenced the MRI results. It is also not clear that the data from the MRI was incorporated into surgical 
planning, and nearly 7% of the group assigned to MRI did not actually have an MR interpreted (analyzed by 
intention to treat). When all breast cancer subtypes were included, a meta-analysis of 19 studies did not find 
evidence that MRI impacted the rates of re-excision, reoperation, or positive margins, but MRI was significantly 
associated with increased odds of receiving contralateral prophylactic mastectomy (OR, 1.91; 95% CI, 1.25-2.91; 
P = .003) [71]. This analysis of 85,975 women also showed that preoperative MRI was associated with increased 
odds of receiving mastectomy (OR, 1.39; 95% CI, 1.23-1.57; P < .001) [71]. Still, it is unknown whether some of 
the studies included in that meta-analysis had a bias in randomization (ie, women who were preplanned for 
mastectomies were more likely to have been referred rather than randomized to the preoperative MRI arm). As an 
example of this, in the multicenter international prospective analysis cited above [69], mastectomy was already 
planned based on conventional imaging in 22.4% (MRI group) versus 14.4% (no MRI group) (P < .001).  

The data are different for ILC histological subtypes. For ILC, there is strong evidence that MRI improves surgical 
outcomes [72-81]. In a study with 70 cases of ILC, preoperative MRI reduced re-excision rates, particularly in 
young women with dense breasts [82]. In another study with 369 women, preoperative breast MRI was also 
associated with a reduction in repeat surgery (OR, 0.140; P < .001), without increasing mastectomy rates [76]. 

Although MR does lead to increased cancer detection, there is limited evidence that preoperative MRI improves 
survival or decreases recurrence, including data from multicenter analyses [61,68,83-85]. In 3,180 affected breasts 
in 3,169 women (median age, 56.2 years), 8-year disease-free survival did not differ between the MRI (97%) and 
the non-MRI (95%) groups (P = .87), and the multivariable model showed no significant effect of MRI on disease-
free survival: hazard ratio (HR) for MRI (versus non-MRI) was 0.88 (95% CI, 0.52-1.51; P = .65); age, margin 
status, and tumor grade were associated with disease-free survival (all P < .05) [85]. Of the 31,756 patients included 
in a survival cohort (70% non-MRI and 30% MRI), breast MRI was not significantly associated with overall survival 
(HR, 0.91; 95% CI, 0.74-1.11, P = .35) or with disease-free survival (HR, 1.16; 95% CI, 0.81-1.67), even among 
the different histological subtypes. The lack of survival benefit extends also to patients with ILC, despite improved 
surgical outcomes in this population as described above [83]. One recent study did show lower recurrences 
(locoregional, distant and contralateral) in women who received a preoperative MRI, with a nonsignificant trend 
toward MR improving disease-free survival (P = .057) [86], and another study of 1,199 subjects did show improved 
overall survival in the group who received MRI [87].  

Given these data, benefits of preoperative MRI for additional cancer detection or delineating extent of disease 
should be balanced with the possibility of a false-positive diagnosis leading to additional biopsy, unnecessary 
additional imaging, and potential delays in definitive treatment. Due to additional cancer detection on a per-patient 



ACR Appropriateness Criteria® 11 Imaging of Invasive Breast Cancer 

level, MRI is considered optional, despite a lack of definitive data supporting classical improved outcomes and 
continued controversy regarding potential harms. Considering the evidence above, MRI-detected suspicious masses 
>2 cm from the index malignancy or nonmass enhancement significantly larger than expected from 
mammographic/sonographic findings should be sampled before using MRI findings to alter surgical planning or 
change treatment recommendations. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating extent of disease. 

US Axilla 
This section was previously described in the ACR Appropriateness Criteria® topic on “Imaging of the Axilla” [88]. 
The Z0011 trial showed that in women with tumor size <5 cm and no clinically palpable nodes, ≤2 positive axillary 
nodal macrometastases on sentinel lymph node biopsy can avoid axillary nodal dissection without compromising 
survival [89]. 

US is the most established noninvasive imaging test for assessing the axilla following a clinically or imaging 
detected suspicious lymph node. US features associated with a higher likelihood of malignancy include short-axis 
lymph node size >1 cm, cortical thickness of >0.3 cm, and an absence of a fatty hilum [90-93]. There is a wide 
range of reported sensitivity and specificity for axillary US, and none of these imaging features are specific enough 
to avoid the need for histologic sampling. The sensitivity ranges from 26.4% to 94%, and the specificity ranges 
from 53% to 98% [94-97]. Axillary US alone has a relatively low NPV to rule out metastatic disease [36,98]. A 
meta-analysis of 21 studies showed that US combined with needle biopsy improved the sensitivity from 61% to 
79% [99-101]. US-guided core needle biopsy was superior to US-guided FNA in a meta-analysis of 1,353 patients 
with newly diagnosed invasive breast carcinoma, with a reported sensitivity of 88% for core biopsy and 74% for 
FNA [102]. Axillary US and an MRI performed similarly (sensitivity of 99.1% versus 97.4% and specificity 15.4% 
versus 15.4%, respectively) in evaluating axillary lymph nodes. Despite this performance, approximately 14% of 
women with breast cancer and negative imaging for axillary metastasis ultimately have metastatic disease on 
sentinel lymph node biopsy [103]. 

US Breast 
Diagnostic mammography and US together can assess for extent of disease and tumor size. These imaging tests are 
usually already completed as part of the diagnostic workup (prior to pathological diagnosis). The sensitivity of US 
for detecting cancer ranges from 79% to 94% [22,25,104,105]. The addition of DBT to US improved sensitivity for 
detecting both primary breast cancer and multicentric and multifocal disease, from 82.6% (nondense) and 91.6% 
(dense) with US alone to 97.7% with combined DBT and US [106]. However, DBT and mammography have limited 
added value over US alone for initial evaluation in women <40 years of age [105]. Although bilateral US use in 
women with primary breast cancer to evaluate for multicentric and multifocal disease shows a lower sensitivity than 
MRI (85.1% versus 71.1%), US showed higher accuracy and specificity than MRI (67.6% versus 39.3% and 69.2% 
versus 60.2%, respectively), suggesting that bilateral US may be an acceptable alternative to MRI for locoregional 
staging [57]. When compared with DM alone, supplemental US more accurately depicted the extent of disease 
needing wider excision in 17 of 96 (18%) breasts for which conservation was anticipated, corresponding to 17 of 
30 (57%) breasts with mammographically occult disease [22]. Based on mammography/clinical examination, 2% 
to 3% of patients have synchronous bilateral cancer [107]. This risk for bilateral synchronous cancer is increased in 
patients less than 55 years of age or in those diagnosed with invasive lobular subtypes [108]. In 1 series with 9% 
contralateral synchronous malignancy, mammography detected 60%, US detected 80%, and MRI detected 90% 
(with the remainder detected on follow-up imaging) [22]. 

In addition to its role in the initial diagnostic workup, US is important in the secondary evaluation of a suspicious 
finding on MRI in the setting of evaluation of disease extent. US sensitivity and NPV are higher than those of DBT 
[109]. Compared with DBT, US showed a lower specificity (98.1% versus 78.9%) and similar PPV (66.7% versus 
52.2%). However, a meta-analysis of second-look US following a suspicious finding on MRI showed heterogeneity 
in US performance, with the detection rate ranging from 22.6% to 82.1% (pooled detection rate 57.5%) and an 
87.8% pooled NPV [110]. Therefore, a negative US is insufficient to obviate the need for an MRI biopsy in this 
setting. 

There is no evidence supporting US as an accurate method for determining disease extent of those diagnosed with 
ILC subtype. Conventional imaging with mammography and/or US can significantly underestimate the extent of 
ILC [26,111-114]. For example, US specifically underestimated ILC tumor size by 27% (95% CI, 17%-37%) in a 

https://acsearch.acr.org/docs/3158165/Narrative/
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study [113], and a different study showed that the greatest discrepancy between tumor size and pathologic size using 
US measurements was for the ILC subtype [26]. 

Variant 2: Newly diagnosed. Clinical stage I-IIA (early stage) breast cancer at presentation. Evaluation for 
distant disease (includes IDC, or ILC, or NOS). 
It has long been recognized that steroid receptor expression reflects intrinsic biologic diversity in breast cancer with 
treatment and survival implications, also determining patterns of metastatic spread. Historically, bone is the most 
likely site of breast cancer metastases (51%), followed by liver/soft tissue (19%), pleura (16%), lung (14%), and 
brain (4%) [115]. The higher percentage of bone metastases from breast cancer appears to be driven primarily by 
the majority of primary tumors expressing ER and/or PR. In 1 large multidecade study, 82% of patients with breast 
cancer who developed bone metastases had either ER and PR or ER positivity in the primary tumor [115]. 

A landmark study 2 decades ago transformed our field by discovering 5 distinct composite molecular portraits using 
quantitative analysis of breast cancer gene expression patterns; luminal A, luminal B, HER2-enriched, basal-like, 
and normal-like, providing a new type of disease characterization [116]. The molecular subtypes were linked to 
pattern and type of metastatic spread, as well as disease-specific survival [117,118]. For example, luminal cancers 
have a propensity to give rise first to bone metastases, HER2-enriched cancers to liver and lung metastases, and 
basal type cancers to liver and brain metastases [119,120]. These molecular subtypes share similarities with ER/PR 
expression and HER2 gene amplification but are not synonymous. Luminal subtypes more commonly have ER 
expression, HER2-enriched cancers more commonly exhibit HER2 expression, and triple-negative breast cancers 
are most often the basal breast cancer subtype. Although luminal subtypes have significantly better overall and 
relapse-free survival [118], they carry a long-term risk of recurrence, especially to bone, whereas basal and HER2 
subtypes have a higher rate of recurrence in the first 4 years [121], which can be considered when planning 
frequency and type of surveillance imaging. 

Bone Scan Whole Body 
Bone is the most common site for breast cancer metastasis; up to 70% of women with stage IV disease have bone 
metastasis, with the predilection for bone metastases not applying to basal-like tumors [117]. Up to 13.6% of women 
diagnosed with early stage breast cancer will develop bone metastasis within 15 years of diagnosis [122], even if 
the parent tumor is low grade [123]. Tc-99m bone scans detect early bone metastasis because of the new bone 
formation occurring at these sites [124] and have a 98% sensitivity for detecting early bone metastasis in 
symptomatic patients. However, bone scan is not helpful for asymptomatic women with newly diagnosed early 
stage breast cancer due to the low prevalence of metastasis (<1%) at initial diagnosis [125]. Whole body bone scans 
are performed in up to 35% of women with newly diagnosed breast cancer despite National Comprehensive Cancer 
Network (NCCN) guidelines recommending against routine staging in asymptomatic women with early stage breast 
cancer [125,126]. The unnecessary use of this imaging test and the further evaluation of false-positive findings can 
result in treatment delay [127]. There is no evidence to use whole body bone scan in the evaluation of distant disease 
in stage I to IIA breast cancer. 

CT Chest, Abdomen, and Pelvis With IV Contrast 
National and international guidelines (American Board of Internal Medicine [ABIM]/ASCO, European Society for 
Medical Oncology [ESMO], and Spanish Society of Medical Oncology [SEOM]) discourage the use of imaging for 
staging in asymptomatic patients with newly diagnosed early stage breast cancer [128-130]. 

NCCN guidelines recommend chest, abdomen, and pelvic CT as an additional test prior to preoperative systemic 
therapy in clinical stage I to IIA if the tumor is >2 cm, >1 cm and immunohistochemical subtype is triple negative, 
or HER2+ or any size/subtype with known axillary nodal spread [126]. However, this test is often used in the staging 
evaluation of low-risk cancers, outside these guidelines, despite a lack of evidence suggesting that it improves 
detection of metastatic disease or increases survival. There is a lack of evidence demonstrating a benefit for the use 
of CT in asymptomatic individuals with clinical stage I or II disease outside the guidelines above. A survey of 
NCCN member institutions found that 11% of patients with stage I and 36.2% of patients with stage II received a 
staging CT of the chest. This resulted in 27% of patients diagnosed with pulmonary nodules requiring a mean 2.34 
additional CTs (range 0-16) for follow-up. Of pulmonary nodules detected in asymptomatic women with early stage 
breast cancer, only 2% of these patients were ultimately diagnosed with pulmonary metastasis [131,132]. 
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CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
The majority of clinical questions for abdominal and/or pelvic CT can be appropriately answered with a single-
phase study as detailed in the ACR-SABI-SPR practice parameter for the performance of CT of the abdomen and 
CT of the pelvis [21]. 

CT Chest, Abdomen, and Pelvis Without IV Contrast 
There is no evidence to support the use of CT chest, abdomen, and pelvis without IV contrast in identifying distant 
disease. 

Digital Breast Tomosynthesis Diagnostic 
There is no evidence to support the use of DBT to evaluate distant disease. 

FDG-PET/CT Skull Base to Mid-Thigh 
According to the ABIM/ASCO, ESMO, and SEOM guidelines, there is insufficient evidence to routinely use FDG-
PET/CT to evaluate for distant disease in asymptomatic women with early stage breast cancer [128-130]. 

NCCN guidelines recommend chest, abdomen, and pelvic CT as an additional test prior to preoperative systemic 
therapy to evaluate for distant disease if the tumor size is >2 cm (T2) or there are positive lymph nodes, or the tumor 
size is >1 cm (T1c) and HER2+, or there is triple-negative disease [126]. Although not definitive, and not currently 
recommended in the guidelines above, there is evidence that PET/CT may be useful in early stage breast cancer 
[133]. A recent study of 196 subjects [134] tested the utility of PET/CT in breast cancer and found the overall yield 
of unsuspected distant metastases was 14% (n = 27), including 0% for stage IIA, 13% for stage IIB (10/79), 22% 
for stage IIIA (9/41), 17% for stage IIIB (5/30), and 37% for stage IIIC (3/8). In another study of 303 patients, 
PET/CT demonstrated unknown metastatic disease in 4.9% (15/303), 0.8% in stage IIA, and 9.8% in stage IIB 
[135]. Finally, Groheux et al [136] performed a prospective study of 254 women with breast cancer, and PET/CT 
found unsuspected metastatic disease in 2.3% of stage IIA and 10.7% in stage IIB [128]. The performance of 
PET/CT was independent of cancer subtype, as shown in other studies on stage IIB disease [137]. Finally, a recent 
meta-analysis of 4,276 patients (29 studies) also found 11% (95% CI, 3%-22%) of patients with stage I and 20% 
(95% CI, 16%-24%) of patients with stage II breast cancer changed disease stage or management plan (including 
up or downstaging) with PET/CT [13]. Thus, there is some evidence to consider this test, even in early breast cancer, 
if the immunohistochemical subtype is HER2+/TN or the disease is locally advanced as described above. 

Mammography Diagnostic 
There is no evidence to support the use of diagnostic mammography to evaluate distant disease. 

Mammography With IV Contrast 
There is no evidence to support the use of diagnostic mammography with IV contrast to evaluate distant disease. 

MRI Breast Without and With IV Contrast  
There is no evidence to support the use of MRI breast to evaluate distant disease. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating extent of disease. 

US Axilla 
There is no evidence to support the use of US axilla to evaluate distant disease. 

US Breast 
There is no evidence to support the use of US breast to evaluate distant disease. 

Variant 3: Newly diagnosed. Clinical stage IIB-III (late stage) breast cancer at presentation. Evaluation for 
locoregional disease (includes IDC, or ILC, or NOS). 
Bone Scan Whole Body 
There is no evidence to support the use of bone scan whole body for determining locoregional disease. 

CT Chest, Abdomen, and Pelvis With IV Contrast 
Few studies have evaluated the use of CT to determine locoregional disease in breast cancer and so there is limited 
supporting evidence for this indication. In a study using CT to determine the size of the in-breast malignancy, 
surgical treatment was changed in 42 of 297 (14.1%) patients. The same study showed that CT failed to show the 
extent of disease in 10.8% of patients and overestimated the extent of disease in 1% of tumors. Notably, MRI was 
not included as a comparator [20]. An additional study looking at later stage (at least 2 cm) or higher risk (triple 
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negative or other biomarkers of risk such as high Ki67 or HER2+) found that CT predicted the N stage correctly in 
64 of 80 patients (80%, 95% CI,70.0%-87.3%), with a sensitivity of 61.5% (CI,45.9%-75.1%) and a specificity of 
97.6% (CI, 87.4%-99.6%). Despite the higher specificity of CT, MRI has better performance to detect 
multicentric/multifocal disease and estimate final pathologic size. 

CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
The majority of clinical questions for abdominal and/or pelvic CT can be appropriately answered with a single-
phase study as detailed in the ACR-SABI-SPR practice parameter for the performance of CT of the abdomen and 
CT of the pelvis [21]. 

CT Chest, Abdomen, and Pelvis Without IV Contrast 
There is no evidence to support the use of CT chest, abdomen, and pelvis without IV contrast for determining 
locoregional disease and guiding surgical management in late-stage disease. 

Digital Breast Tomosynthesis Diagnostic 
Diagnostic mammography and US together can assess for extent of disease and tumor size. These imaging tests are 
usually already completed as part of the diagnostic workup (prior to pathological diagnosis). However, 
mammography is limited by breast density. In a prospective study of 111 consecutive women with newly diagnosed 
breast cancer, sensitivity of 2-D mammography for malignancy decreased from 100% in breasts that are almost 
entirely fatty to 45% in extremely dense breasts [22]. In addition, 2-D mammography was more sensitive than US 
in detecting DCIS and less sensitive at detecting ILC.  

DBT shows higher overall sensitivity, compared with 2-D mammography, with similar specificity. Overall 
sensitivity for DBT was 88.2% compared with 78.3% for 2-D mammography [23]. DBT also has a higher sensitivity 
for detecting multifocal, multicentric, and contralateral breast cancer [24,25]. The improved diagnostic performance 
of DBT over 2-D mammography was limited to women with nondense breasts in 1 study [24], but not others [25]. 

The correlation between mammographic size and pathologic size is variable. Some studies demonstrate that the 
assessment of size with mammography to be superior to US [26], whereas others show it to be inferior [46]. At least 
some of this variation may be related to tumor subtype. Mammography shows a higher correlation with pathologic 
size for DCIS and HER2/neu-negative invasive cancers and a lower correlation for hormone receptor–negative and 
HER2/neu-positive invasive cancers compared with US [27]. The accuracy for DBT for assessing tumor size was 
70.4% compared with 60.2% on 2-D mammography [28]. However, the STORM-2 trial showed that DBT tended 
to overestimate tumor size in women with dense breasts, compared with those with nondense breasts; this difference 
was more likely to impact management in women with larger tumors [29]. Despite the limitations of mammography 
in women with dense breasts, breast density was not a predictor of positive margins or conversion to mastectomy 
[30]. 

However, 2-D mammography is limited in detecting and measuring the size of ILC, which often presents as 
architectural distortion and uncommonly has associated calcifications [31]. Multiple studies have shown DBT to be 
superior to DM alone in ILC detection, with the differential performance between DM/DBT and DM greatest in 
ILC when compared with patients diagnosed with IDC [32]. Therefore, it follows that DBT is also more accurate 
than DM in evaluating extent of disease for this cancer subtype, which is commonly multicentric, multifocal, and 
sometimes bilateral. Still, DBT can underestimate the true pathologic extent of ILC [33], so MRI may be warranted 
in this subtype, as discussed below. Supporting this, in a retrospective study of 904 women with breast cancer (n = 
97 ILC) imaged with mammography ± US, 38.8% of women with ILC undergoing breast-conserving surgery 
required re-excision compared with 22.3% with IDC [34]. 

Due to patient positioning constraints, 2-D mammography and DBT have limited value for evaluating the axilla. In 
a single-institution retrospective study of 3,944 patients with breast cancer, mammography improved the sensitivity 
over US alone for distinguishing N0 to N1 from N2 and N3, but at a lower specificity [35]. After the ACOSOG 
Z0011 trial supported the omission of axillary lymph node dissection in women with <3 positive sentinel lymph 
nodes undergoing breast-conserving surgery and radiation therapy, some providers may request that radiologists 
not image the axilla in the setting of clinically node-negative disease [36]. Although axillary US is not recommended 
for every patient [37], axillary abnormality visible on mammography is still considered an appropriate indication 
for sonographic axillary evaluation. Also, when neoadjuvant chemotherapy is planned, the NCCN recommends 
consideration of axillary US, with marker placement if a biopsy is performed, in addition to mammography [126].  
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FDG-PET/CT Skull Base to Mid-Thigh 
FDG-PET/CT is helpful in evaluating locoregional disease in patients with stage IIB to III breast cancer. 
Locoregional spread refers to disease spread to the draining regional lymph node basins. Although this usually 
refers to the ipsilateral axilla, regional spread can also be to the infraclavicular (level III axillary), supraclavicular, 
and internal mammary/parasternal nodal basins [2]. Contralateral lymph node involvement is classified as distant 
(stage IV) disease in the absence of synchronous contralateral breast malignancy [2]. When used to evaluate 
locoregional extent of disease, there was a change in stage or management in 20% of stage II and 34% of stage III 
disease [13-15,138,139]. NCCN guidelines recommend PET/CT as an optional additional test prior to preoperative 
systemic therapy if the tumor size is ≥2 cm, or there are positive lymph nodes, or the tumor size is >1 cm with 
HER2+ or triple-negative disease [126]. 

Mammography Diagnostic 
Diagnostic mammography and US together can assess for extent of disease and tumor size. These imaging tests are 
usually already completed as part of the diagnostic workup (prior to pathological diagnosis). However, 
mammography is limited by breast density. In a prospective study of 111 consecutive women with newly diagnosed 
breast cancer, the sensitivity of 2-D mammography for malignancy decreased from 100% in breasts that are almost 
entirely fatty to 45% in extremely dense breasts [22]. In addition, 2-D mammography was more sensitive in 
detecting DCIS and less sensitive, compared with US, in detecting ILC.  

DBT shows higher overall sensitivity, compared with 2-D mammography, with similar specificity. Overall 
sensitivity for DBT was 88.2% compared with 78.3% [23]. DBT has higher sensitivity for detecting multifocal, 
multicentric, and contralateral breast cancer than 2-D mammography alone [24,25]. The improved diagnostic 
performance of DBT over 2-D mammography in breast cancer staging was limited to women with nondense breasts 
in 1 study [24], but not others [25]. 

The correlation between mammographic size and pathologic size is variable. Some studies demonstrate that the 
assessment of size with mammography to be superior to US [26], whereas others show it to be inferior [46]. At least 
some of this variation may be related to tumor subtype. Mammography shows a higher correlation with pathologic 
size for DCIS and HER2/neu-negative invasive cancers and a lower correlation for hormone receptor–negative and 
HER2/neu-positive invasive cancers compared with US [27]. The accuracy of DBT for assessing tumor size was 
70.4% compared with 60.2% on 2-D mammography [28]. However, the STORM-2 trial showed that DBT tended 
to overestimate tumor size in women with dense breasts, compared with those with nondense breasts; this was more 
likely to impact management in women with larger tumors [29]. Despite the limitations of mammography in women 
with dense breasts, breast density was not a predictor of positive margins or conversion to mastectomy [30]. 

However, 2-D mammography is limited in detecting and measuring the size of ILC, which often presents as 
architectural distortion and uncommonly has associated calcifications [31]. Multiple studies have shown DBT to be 
superior to DM alone in ILC detection, with the differential performance between DM/DBT and DM greatest in 
ILC compared with IDC [32]. Therefore, it follows that DBT is also more accurate than DM in evaluating extent of 
disease for this subtype, which is commonly multicentric, multifocal, and sometimes bilateral. Still, DBT can 
underestimate the true pathologic extent of ILC [33], so MRI may be warranted in this subtype, as discussed below. 
Supporting this, in a retrospective study of 904 women with breast cancer (n = 97 ILC) imaged with mammography 
± US, 38.8% of women with ILC undergoing breast-conserving surgery required re-excision compared with 22.3% 
with IDC [34]. 

Due to patient positioning constraints, 2-D mammography and DBT have limited value for evaluating the axilla. In 
a single-institution retrospective study of 3,944 patients with breast cancer, mammography improved the sensitivity 
over US alone for distinguishing N0 to N1 from N2 and N3, but at a lower specificity [35]. After the ACOSOG 
Z0011 trial supported the omission of axillary lymph node dissection in women with <3 positive sentinel lymph 
nodes undergoing breast-conserving surgery and radiation therapy, some providers may request that radiologists 
not image the axilla in the setting of clinically node-negative disease [36]. When neoadjuvant chemotherapy is 
planned, the NCCN does recommend consideration of axillary US, with marker placement if a biopsy is performed, 
in addition to mammography [126]. 

Mammography With IV Contrast 
Several retrospective studies have compared the sensitivity and specificity of CEM with conventional 2-D and 3-D 
mammography, US, and MRI. Overall, CEM and MRI are superior to DM and DM/DBT imaging [47]. The 
sensitivities between CEM and MRI are comparable, with some studies showing improved sensitivities with CEM 
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[48], and some showing MRI to be superior [49,50]. Overall sensitivities ranged from 92% to 100% [16,49,51-53], 
including CEM detecting 92.3% of satellite masses and up to 100% of contralateral cancers [28]. CEM and MRI 
show similar abilities to estimate tumor size (r, 0.72-0.89 versus 0.65-0.84), but studies have shown improved PPV 
of CEM (52%-93%) compared with MRI (28-60%) [16,49,53]. Despite increased specificity over MR, limitations 
of contrast mammography in determining disease extent include evaluation of the axilla and other nodal groups as 
well as chest wall involvement [47], and there is evidence against using CEM to determine disease extent in lobular 
cancer, due to lower conspicuity [54]. 

MRI Breast Without and With IV Contrast  
MRI breast is useful for detecting additional cancers in the ipsilateral and contralateral breast [16,55], particularly 
in women with dense breasts [23,56,57]. A meta-analysis of 22 studies investigated MRI screening of the 
contralateral breast in women with newly diagnosed breast cancer. The study reported contralateral malignancies 
that were detected by MRI in 131 of 3,253 women. Thus, the summary estimate for incremental cancer detection 
rate was 4.1%. In studies in which pathologic tumor stage was reported, all but 2 tumors were in situ or stage I, and 
of those 2 tumors, 1 was a node-negative ILC (42 mm). Summary estimates were as follows: MRI-directed 
additional biopsy in 9.3% of women (95% CI, 5.8%-14.7%) with PPV for malignancy of 47.9% (95% CI, 31.8%-
64.6%). Where reported, 35.1% of MRI-detected cancers were DCIS (mean size = 6.9 mm) and 64.9% were 
invasive cancers (mean size = 9.3 mm) [58]. 

MRI can accurately assess tumor size for preoperative planning [50,59-61]. In a study involving 343 tumors, size 
measurements of cancers on breast MRI were within 5 mm of pathological size in 88% of patients [60]. Still, other 
studies using mastectomy specimens have shown that MRI underestimates primary tumor size in 21% and 
overestimates primary tumor size in 24% of cases. MRI also overestimated the number of invasive lesions by 19% 
and underestimated the number of invasive lesions in 28% in the same study [62]. These data underscore the 
importance of using biopsy to pathologically confirm MRI findings before using them to alter surgical planning, 
especially when the MRI finding is nonmass enhancement [63]. 

In addition to tumor size assessment, some studies show a reduction in re-excision after preoperative MRI [64-68]. 
For example, in a study of 991 women, preoperative MRI changed the surgical procedure in 25% (157/626) of 
cases. In 81% (127/157), MRI was beneficial for the patients, as otherwise occult carcinomas were removed (n = 
122) or further biopsy could be prevented (n = 5) [67]. In this trial, the rate of mastectomy did not differ between 
patients undergoing preoperative MRI and those who did not. A recent multinational observational study at 27 
centers also found that subjects receiving MR as part of routine clinical care had a significantly lower reoperation 
rate after breast conservation (8.5% versus 11.7%, P < .001) [69]. However, other large multicenter studies, such 
as the COMICE trial, showed the addition of MRI to conventional imaging was not significantly associated with a 
reduced reoperation rate, with 153 (19%) needing reoperation in the MRI group versus 156 (19%) in the non-MRI 
group, (OR, 0.96; 95% CI, 0.75-1.24; P = .77) [70]. Although the findings are important, limitations from the 
COMICE trial are also noted, such as its inclusion of patients from several small centers where technical factors 
and varying degree of experience among interpreting radiologists could have influenced the MRI results. It is also 
not clear that the data from the MRI were incorporated into surgical planning, and nearly 7% of the group assigned 
to MRI did not actually have an MR interpreted (analyzed by intention to treat). When all breast cancer subtypes 
were included, a meta-analysis of 19 studies did not find evidence that MRI positively impacted the rates of re-
excision, reoperation, or positive margins, and MRI was significantly associated with increased odds of receiving 
contralateral prophylactic mastectomy (OR, 1.91; 95% CI, 1.25-2.91; P = .003) [71]. Primary analysis of 85,975 
women also showed that preoperative MRI was associated with increased odds of receiving mastectomy (OR, 1.39; 
95% CI, 1.23-1.57; P < .001) [71]. 

Still, it is unknown whether some of the studies included in that meta-analysis had a bias in randomization (ie, 
women who were preplanned for mastectomies were more likely to have been referred rather than randomized to 
the preoperative MRI arm). As an example of this, in the multicenter international prospective analysis cited above 
[69], mastectomy was already planned based on conventional imaging in 22.4% (MRI group) versus 14.4% (no 
MRI group) P < .001).  

The data are different for ILC histological subtypes. For ILC, there is strong evidence that MRI improves surgical 
outcomes [72-81]. In a study with 70 cases of ILC, preoperative MRI reduced re-excision rates, particularly in 
young women with dense breasts [82]. In another study with 369 women, preoperative breast MRI was also 
associated with a reduction in repeat surgery (OR, 0.140; P < .001), without increasing mastectomy rates [76]. 
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Still, there is no evidence that preoperative MRI leads to improved survival or decreased recurrence, including data 
from multicenter analyses [61,68,83-85]. In 3,180 affected breasts in 3,169 women (median age, 56.2 years), 8-year 
disease-free survival did not differ between the MRI (97%) and the non-MRI (95%) groups (P = .87), and the 
multivariable model showed no significant effect of MRI on disease-free survival: HR for MRI (versus non-MRI) 
was 0.88 (95% CI, 0.52-1.51; P = .65); age, margin status, and tumor grade were associated with disease-free 
survival (all P < .05) [85]. Of the 31,756 patients included in a survival cohort (70% non-MRI and 30% MRI), 
breast MRI was not significantly associated with overall survival (HR, 0.91; 95% CI, 0.74-1.11, P = .35) or with 
disease-free survival (HR, 1.16; 95% CI, 0.81-1.67), even among the different histological subtypes. The lack of 
survival benefit extends also to patients with ILC, despite improved surgical outcomes in this population as 
described above [83]. 

Given these data, benefits of preoperative MRI for additional cancer detection or delineating extent of disease 
should be balanced with the possibility of a false-positive diagnosis leading to additional biopsy or unnecessary 
additional imaging.  

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating extent of disease. 

US Axilla 
This section was previously described in the ACR Appropriateness Criteria® topic on “Imaging of the Axilla” [88]. 
The Z0011 trial showed that in women with tumor size <5 cm and no clinically palpable nodes, ≤2 positive axillary 
nodal macrometastases on sentinel lymph node biopsy can avoid axillary nodal dissection without compromising 
survival [89]. 

US is the most established noninvasive imaging test for assessing the axilla following a clinically or imaging 
detected suspicious lymph node. US features associated with a higher likelihood of malignancy include short-axis 
lymph node size >1 cm, cortical thickness of >0.3 cm, and absence of a fatty hilum [90-93]. There is a wide range 
of reported sensitivity and specificity for axillary US, and none of these imaging features are specific enough to 
avoid the need for histologic sampling. The sensitivity ranges from 26.4% to 94%, and the specificity ranges from 
53% to 98% [94-97]. Although axillary US alone has a relatively low NPV to rule out metastatic disease [36,98], 
axillary imaging is significantly more likely to identify metastatic disease in patients with pN2-3 disease compared 
with low volume burden (ie, those eligible for axillary preservation according to the Z0011 trial). Therefore, 
detection of nodal disease can help identify patients who would benefit from neoadjuvant systemic therapy to help 
downstage and de-escalate their axillary surgery and avoid axillary lymph node dissection. However, imaging is 
less sensitive in detecting invasive lobular cancer metastasis compared with ductal type [140]. A meta-analysis of 
21 studies showed that US combined with needle biopsy improved the sensitivity from 61% to 79% [99-101]. US-
guided core needle biopsy was superior to US-guided FNA in a meta-analysis of 1,353 patients with newly 
diagnosed invasive breast carcinoma, with a reported sensitivity of 88% for core biopsy and 74% for FNA [102]. 
Axillary US and an MRI performed similarly at evaluating axillary lymph nodes in an additional study [103]. In a 
meta-analysis of 9,232 cases of preoperative axillary staging procedures in 9,212 patients with breast cancer, 
preoperative axillary US-guided biopsy was able to identify approximately 50% of women with axillary 
involvement, but the false-negative rate was 25% [141]. An additional meta-analysis reported similar findings [100]. 
The NCCN does recommend consideration of axillary US, with marker placement if biopsy is performed, prior to 
preoperative systemic therapy [126].  

US Breast 
Diagnostic mammography and US together can assess for extent of disease and tumor size. These imaging tests are 
usually already completed as part of the diagnostic workup (prior to pathological diagnosis). The sensitivity of US 
for detecting cancer ranges from 79% to 94% [22,25,104,105]. The addition of DBT to US improved sensitivity for 
detecting both primary breast cancer and multicentric and multifocal disease, from 82.6% (nondense) and 91.6% 
(dense) with US alone to 97.7% with combined DBT and US [106]. However, DBT and mammography have limited 
added value over US alone for initial evaluation in women <40 years of age [105]. Although bilateral US use in 
women with primary breast cancer to evaluate for multicentric and multifocal disease shows lower sensitivity to 
MRI (85.1% versus 71.1%), US showed higher accuracy and specificity than MRI (67.6% versus 39.3% and 69.2% 
versus 60.2%, respectively), suggesting that bilateral US may be an acceptable alternative to MRI for locoregional 
staging [57]. When compared with DM alone, supplemental US more accurately depicted extent of disease needing 
wider excision in 17 of 96 (18%) breasts for which conservation was anticipated, corresponding to 17 of 30 (57%) 
breasts with mammographically occult disease [22]. Based on mammography/clinical examination, 2% to 3% of 
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patients have synchronous bilateral cancer [107]. This risk of synchronous bilateral malignancy is increased for 
patients less than 55 years of age or those with diagnosis of invasive lobular subtype [108]. In 1 series with 9% 
contralateral synchronous malignancy, mammography detected 60%, US detected 80%, and MRI detected 90% 
(with the remainder detected on follow-up imaging) [22]. 

In addition to its role in the initial diagnostic workup, US is important in the secondary evaluation of a suspicious 
finding on MRI in the setting of evaluation for disease extent. US sensitivity and NPV are higher than DBT [109]. 
Compared with DBT, US showed a lower specificity (98.1% versus 78.9%) and a similar PPV (66.7% versus 
52.2%). However, a meta-analysis of second-look US following a suspicious finding on MRI showed heterogeneity 
in US performance, with the detection rate ranging from 22.6% to 82.1% (pooled detection rate 57.5%) and an 
87.8% pooled NPV [110]. Therefore, a negative US is insufficient to obviate the need for an MRI biopsy in this 
setting. 

There is no evidence supporting US as an accurate method for determining disease extent in those diagnosed with 
the ILC subtype. Conventional imaging with mammography and/or US can significantly underestimate the span of 
ILC [26,111-114]. For example, US specifically underestimated ILC tumor size by 27% (95% CI, 17%-37%) in a 
study [113], and a different study showed that the greatest discrepancy between tumor size and pathologic size using 
US measurements was for those with the ILC subtype [26]. 

Variant 4: Newly diagnosed. Clinical stage IIB-III (late stage) breast cancer at presentation. Evaluation for 
distant disease. IDC or ILC that is ER+/HER2-. 
It has long been recognized that steroid receptor expression reflects intrinsic biologic diversity in breast cancer with 
treatment and survival implications, also determining patterns of metastatic spread. The specific response patterns 
and outcomes associated with ER/PR/HER2 status occur despite the known limitation of pathologic sampling and 
receptor expression heterogeneity [142]. Historically, bone is the most likely site of breast cancer metastases (51%), 
followed by liver/soft tissue (19%), pleura (16%), lung (14%), and brain (4%) [115]. The higher percentage of bone 
metastases from breast cancer appears to be driven primarily by the majority of primary tumors expressing ER 
and/or PR. In 1 large multidecade study, 82% of patients with breast cancer who developed bone metastases had 
either ER and PR or ER positivity in the primary tumor [115]. 

A landmark study 2 decades ago transformed our field by discovering 5 distinct composite molecular portraits using 
quantitative analysis of breast cancer gene expression patterns; luminal A, luminal B, HER2-enriched, basal-like, 
and normal-like, providing a new type of disease characterization [116]. The molecular subtypes were linked to 
pattern and type of metastatic spread, as well as disease-specific survival [117,118]. For example, luminal cancers 
have a propensity to give rise first to bone metastases, HER2-enriched cancers to liver and lung metastases, and 
basal type cancers to liver and brain metastases [119,120]. These molecular subtypes share similarities with ER/PR 
expression and HER2 gene amplification but are not synonymous. Luminal subtypes more commonly have ER 
expression, HER2-enriched cancers more commonly exhibit HER2 expression, and triple-negative breast cancers 
are most often the basal breast cancer subtype. Although luminal subtypes have significantly better overall and 
relapse-free survival [118], they carry a long-term risk of recurrence, especially to bone, whereas basal and HER2 
subtypes have a higher rate of recurrence in the first 4 years [121], which can be considered when planning 
frequency and type of surveillance imaging. 

Bone Scan Whole Body 
Bone is the most common site for breast cancer metastasis; up to 70% of women with stage IV disease have bone 
metastasis, with the predilection for bone metastases not applying to basal-like tumors [117]. Up to 13.6% of women 
diagnosed with early stage breast cancer will develop bone metastasis within 15 years of diagnosis [122], even if 
the parent tumor is low grade [123]. Tc-99m bone scans detect early bone metastasis because of the new bone 
formation occurring at these sites [124] and have a 98% sensitivity for detecting early bone metastasis in 
symptomatic patients.  

The sensitivity of whole body bone scans for detecting bone metastases in patients with late-stage breast cancer 
ranges from 62% to 100%, regardless of tumor subtype [143]. Studies using bone scans to stage women with late-
stage disease have shown the prevalence of osseous metastases ranging from 4.7% to 45% [144]. A study by Chu 
et al [145] on 256 women with N2/N3 disease showed a metastatic workup for asymptomatic patients was only 
indicated with T3 or T4 primary lesions. For patients with T0, T1, and T2 diseases, the incidence of stage IV disease 
was 0%, 0%, and 6%, respectively. The incidence increased with higher T stage; 22% for T3 and 36% for T4 
tumors. 



ACR Appropriateness Criteria® 19 Imaging of Invasive Breast Cancer 

Several studies comparing bone scan performance with CT and PET have been performed in women presenting 
with late-stage disease [144]. Some studies have shown up to 17.1% of women with extraosseous metastasis on CT 
had negative or inconclusive bone scans. One of the benefits of whole body bone scans is the detection of metastasis 
in the peripheral skeleton, areas not included by CT chest, abdomen, and pelvis with IV contrast. However, the 
presence of peripheral metastasis almost always (>99%) occurs in the context of extraosseous or central osseous 
metastasis, and detection of additional peripheral metastases does not typically result in a change in management 
[144,146]. 

CT Chest, Abdomen, and Pelvis With IV Contrast 
Correctly identifying the stage of breast cancer prior to surgery has important prognostic implications, because 
survival decreases as stage increases [145]. In a study of 1,329 patents with breast cancer, metastatic disease of any 
type was identified by imaging between 15% to 16% and 22% to 36% based on N2/3 and T3/4 status, respectively 
[145]. NCCN guidelines recommend chest, abdomen, and pelvic CT as an additional test prior to preoperative 
systemic therapy to evaluate for distant disease if the tumor size is >2 cm (T2) or there are positive lymph nodes, 
or the tumor size is >1 cm (T1c) and HER2+, or there is triple-negative disease [126]. In asymptomatic women with 
late-stage breast cancer, metastatic disease to the thorax is identified in 5% to 9% of patients [17,132,147]. The 
false-positive rate requiring additional imaging studies for further evaluation or follow-up ranged from 10% to 33% 
[17,132,148]. 

CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
The majority of clinical questions for abdominal and/or pelvic CT can be appropriately answered with a single-
phase study as detailed in the ACR-SABI-SPR practice parameter for the performance of CT of the abdomen and 
CT of the pelvis [21]. 

CT Chest, Abdomen, and Pelvis Without IV Contrast 
There is no evidence to support the use of CT chest, abdomen, and pelvis without IV contrast. Chest CT without IV 
contrast is often used to evaluate for metastatic disease to the lung. In asymptomatic women with late-stage breast 
cancer, metastatic disease to the thorax is identified in 5% to 9% of patients [17,132,147]. The false-positive rate 
requiring additional imaging studies for further evaluation or follow-up ranged from 10% to 33% [17,132,148]. 

Digital Breast Tomosynthesis Diagnostic 
There is no evidence to support the use of DBT to evaluate for distant disease. 

FDG-PET/CT Skull Base to Mid-Thigh 
There is a large body of evidence that FDG-PET/CT is useful to detect metastatic disease in stage IIB to III breast 
cancer [136-139,149-158]. This is important because patients with locoregional breast malignancy have 5-year 
survival rates of 76% to 99%, but for patients with distant metastases, 5-year survival rates decreases to 20% to 
28% [159]. The sensitivity, specificity, PPV, NPV, and accuracy of PET/CT in identifying metastatic disease in this 
population are 100%, 96%, 80%, 100%, and 97%, respectively [41]. The false-positive rate of PET/CT was 19%. 
In comparison with CT and other modalities, 80% of patients with distant disease had the metastases exclusively 
identified on PET/CT [41]. Groheux et al [136] investigated 254 patients and found previously unknown metastases 
in 1 of 44 (2%) women with stage IIA breast cancer, 6 of 56 (11%) women with stage IIB cancer, 11 of 63 (18%) 
women with stage IIIA cancer, 27 of 74 (37%) women with stage IIIB cancer, and 8 of 17 (47%) women with stage 
IIIC cancer. PET/CT has especially high yields in patients newly diagnosed at <40 years of age, revealing distant 
metastases in 17% of asymptomatic stage IIB [155]. PET/CT modified staging between 14% and 28% of patients 
with late-stage disease, regardless of tumor receptor status [138,139]. In a study of 163 women, PET/CT and whole 
body bone scan demonstrated concordance in identifying osseous metastases in 81% of cases. Also, PET/CT had 
the added benefit of detecting extraosseous metastasis in 62% of patients with osseous metastasis. Of those patients 
with extraosseous metastases, 6% had equivocal and 42% had negative bone scans [160]. The sensitivity and 
specificity for PET/CT in the detection of distant metastases is higher than conventional imaging, with a 97% 
sensitivity and 91% specificity versus an 86% sensitivity and 67% specificity (P = .009 and P < .001, respectively) 
[161]. However, PET/CT has limited sensitivity for ILC [162]. NCCN guidelines recommend FDG-PET/CT as an 
optional additional test prior to preoperative systemic therapy to evaluate for distant disease if the tumor size is >2 
cm (T2) or there are positive lymph nodes, or the tumor size is >1 cm (T1c) and HER2+, or there is triple-negative 
disease [126]. 

Mammography Diagnostic 
There is no evidence to support the use of diagnostic mammography to evaluate for distant disease. 
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Mammography With IV Contrast 
There is no evidence to support the use of mammography with IV contrast to evaluate distant disease. 

MRI Breast Without and With IV Contrast  
There is no evidence to support the use of MRI breast without and with IV contrast to evaluate for distant disease. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating extent of disease. 

US Axilla 
There is no evidence to support the use of US axilla to evaluate for distant disease. 

US Breast 
There is no evidence to support the use of US breast to evaluate for distant disease. 

Variant 5: Newly diagnosed. Clinical stage IIB-III (late stage) breast cancer at presentation. Evaluation for 
distant disease. IDC or ILC that is HER2+ or triple negative (ER, PR, and HER2-). 
It has long been recognized that steroid receptor expression reflects intrinsic biologic diversity in breast cancer with 
treatment and survival implications, also determining patterns of metastatic spread. The specific response patterns 
and outcomes associated with ER/PR/HER2 status occur despite the known limitation of pathologic sampling and 
receptor expression heterogeneity [142]. Historically, bone is the most likely site of breast cancer metastases (51%), 
followed by liver/soft tissue (19%), pleura (16%), lung (14%), and brain (4%) [115]. The higher percentage of bone 
metastases from breast cancer appears to be driven primarily by the majority of primary tumors expressing ER 
and/or PR. In 1 large multidecade study, 82% of patients with breast cancer who developed bone metastases had 
either ER and PR or ER positivity in the primary tumor [115]. 

A landmark study 2 decades ago transformed our field by discovering 5 distinct composite molecular portraits using 
quantitative analysis of breast cancer gene expression patterns; luminal A, luminal B, HER2-enriched, basal-like, 
and normal-like, providing a new type of disease characterization [116]. The molecular subtypes were linked to 
pattern and type of metastatic spread, as well as disease-specific survival [117,118]. For example, luminal cancers 
have a propensity to give rise first to bone metastases, HER2-enriched cancers to liver and lung metastases, and 
basal type cancers to liver and brain metastases [119,120]. These molecular subtypes share similarities with ER/PR 
expression and HER2 gene amplification but are not synonymous. Luminal subtypes more commonly have ER 
expression, HER2-enriched cancers more commonly exhibit HER2 expression, and triple-negative breast cancers 
are most often the basal breast cancer subtype. Although luminal subtypes have significantly better overall and 
relapse-free survival [118], they carry a long-term risk of recurrence, especially to bone, where basal and HER2 
subtypes have a higher rate of recurrence in the first 4 years [121], which can be considered when planning 
frequency and type of surveillance imaging. 

Bone Scan Whole Body 
Bone is the most common site for breast cancer metastasis; up to 70% of women with stage IV disease have bone 
metastasis, with the predilection for bone metastases not applying to basal-like tumors [117]. Up to 13.6% of women 
diagnosed with early stage breast cancer will develop bone metastasis within 15 years of diagnosis [122], even if 
the parent tumor is low grade [123]. Tc-99m bone scans detect early bone metastasis because of the new bone 
formation occurring at these sites [124] and have a 98% sensitivity for detecting early bone metastasis in 
symptomatic patients.  

The sensitivity of whole body bone scans for detecting bone metastases in patients with late-stage breast cancer 
ranges from 62% to 100%, regardless of tumor subtype [143]. Studies using bone scans to stage women with late-
stage disease have shown the prevalence of osseous metastases ranging from 4.7% to 45% [144]. A study by Chu 
et al [145] on 256 women with N2/N3 disease showed a metastatic workup for asymptomatic patients was only 
indicated with T3 or T4 primary lesions. For patients with T0, T1, and T2 diseases, the incidence of stage IV disease 
was 0%, 0%, and 6%, respectively. The incidence increased with higher T stage; 22% for T3 and 36% for T4 
tumors. 

Several studies comparing bone scan performance with CT and PET have been performed in women presenting 
with late-stage disease [144]. Some studies have shown up to 17.1% of women with extraosseous metastasis on CT 
had negative or inconclusive bone scans [144]. One of the benefits of whole body bone scans is the detection of 
metastasis in the peripheral skeleton, areas not included by CT chest, abdomen, and pelvis with IV contrast. 
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However, the presence of peripheral metastasis almost always (>99%) occurs in the context of extraosseous or 
central osseous metastasis, and detection of additional peripheral metastases does not typically result in a change in 
management [144,146]. 

CT Chest, Abdomen, and Pelvis With IV Contrast 
Correctly identifying the stage of breast cancer prior to surgery has important prognostic implications, because 
survival decreases as stage increases [145]. In a study of 1,329 patents with breast cancer, metastatic disease of any 
type was identified by imaging between 15% to 16% and 22% to 36% based on N2/3 and T3/4 status, respectively 
[145]. NCCN guidelines recommend chest, abdomen, and pelvic CT as an additional test prior to preoperative 
systemic therapy to evaluate for distant disease if the tumor size is >2 cm (T2) or there are positive lymph nodes, 
or >1 cm (T1c) and HER2+, or triple-negative disease [126]. In asymptomatic women with late-stage breast cancer, 
metastatic disease to the thorax is identified in 5% to 9% of patients [17,132,147]. The false-positive rate requiring 
additional imaging studies for further evaluation or follow-up ranged from 10% to 33% [17,132,148]. 

CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
The majority of clinical questions for abdominal and/or pelvic CT can be appropriately answered with a single-
phase study as detailed in the ACR-SABI-SPR practice parameter for the performance of CT of the abdomen and 
CT of the pelvis [21]. 

CT Chest, Abdomen, and Pelvis Without IV Contrast 
There is no evidence to support the use of CT chest, abdomen, and pelvis without IV contrast. Chest CT without IV 
contrast is often used to evaluate for metastatic disease to the lung. In asymptomatic women with late-stage breast 
cancer, metastatic disease to the thorax is identified in 5% to 9% of patients [17,132,147]. The false-positive rate 
requiring additional imaging studies for further evaluation or follow-up ranged from 10% to 33% [17,132,148]. 

Digital Breast Tomosynthesis Diagnostic 
There is no evidence to support the use of DBT to evaluate for distant disease. 

FDG-PET/CT Skull Base to Mid-Thigh 
NCCN guidelines recommend PET/CT as an optional additional test prior to preoperative systemic therapy if the 
tumor size is greater than T2, or there are positive lymph nodes, any HER2+, or triple-negative disease [126]. 

There is a large body of evidence that FDG-PET/CT is useful to detect metastatic disease in stage IIB to III breast 
cancer [136-139,149-158]. This is important because patients with locoregional breast malignancy have 5-year 
survival rates of 76% to 99%, but for patients with distant metastases, 5-year survival rates decreases to 20% to 
28% [159]. The sensitivity, specificity, PPV, NPV, and accuracy of PET/CT in identifying metastatic disease in this 
population are 100%, 96%, 80%, 100%, and 97%, respectively [41]. The false-positive rate of PET/CT was 19%. 
In comparison with CT and other modalities, 80% of patients with distant disease had the metastases exclusively 
identified on PET/CT [41]. Groheux et al [136] investigated 254 patients and found previously unknown metastases 
in 1 of 44 (2%) women with stage IIA breast cancer, 6 of 56 (11%) women with stage IIB cancer, 11 of 63 (18%) 
women with stage IIIA cancer, 27 of 74 (37%) women with stage IIIB cancer, and 8 of 17 (47%) women with stage 
IIIC cancer. PET/CT has especially high yields in the case of patients newly diagnosed at <40 years of age, revealing 
distant metastases in 17% of asymptomatic patients with stage IIB breast cancer <40 years of age [155]. PET/CT 
modified staging between 14% and 28% of patients with late-stage disease, regardless of tumor receptor status 
[138,139]. In a study of 163 women, PET/CT and whole body bone scan demonstrated concordance in identifying 
osseous metastases in 81% of cases. Also, PET/CT had the added benefit of detecting extraosseous metastasis in 
62% of patients with osseous metastasis. Of those patients with extraosseous metastases, 6% had equivocal and 
42% had negative bone scans [160]. The sensitivity and specificity for PET/CT in the detection of distant metastases 
is higher than conventional imaging, with a 97% sensitivity and 91% specificity versus an 86% sensitivity and 67% 
specificity, respectively (P = .009 and P < .001, respectively) [161]. However, PET/CT has limited sensitivity for 
ILC [162]. NCCN guidelines recommend PET/CT as an optional additional test prior to preoperative systemic 
therapy to evaluate for distant disease if the tumor size is >2 cm (T2) or there are positive lymph nodes, or tumor 
size is >1 cm (T1c) and HER2+, or there is triple-negative disease [126], because these subtypes tend to be more 
aggressive with earlier spread to extraosseous locations compared with other molecular subtypes as described 
above.  

Mammography Diagnostic 
There is no evidence to support the use of diagnostic mammography to evaluate for distant disease. 
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Mammography With IV Contrast 
There is no evidence to support the use of mammography with IV contrast to evaluate for distant disease. 

MRI Breast Without and With IV Contrast  
There is no evidence to support the use of MRI breast without and with IV contrast to evaluate for distant disease. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating the extent of disease. 

MRI Head Without and With IV Contrast 
The cumulative incidence of brain metastasis across all stages and subtypes of breast cancer ranges from 5.1% to 
9.1% [163,164]. However, the incidence increases to 14.2% in patients with other metastases [163]. In a single 
study of 968 patients with brain metastasis, Martin et al [165] found a higher incidence proportion among hormone 
receptor–negative, HER2+ (1.1%), and triple-negative (0.7%) subtypes. In patients with known metastasis to any 
extracranial site, the incidence increased to 11.5% and 11.4%, respectively. The incidence of brain metastases was 
also higher among Black women, possibly due to later stage at diagnosis (OR, 1.27; 95% CI, 1.06-1.53; P = .01). 
Currently, the NCCN and ASCO do not recommend routine screening for brain metastasis using MRI because there 
is no evidence of improved survival [126,166]. 

MRI Head Without IV Contrast 
There is no evidence to support the use of MRI head without IV contrast to evaluate for distant disease. 

US Axilla 
There is no evidence to support the use of US axilla to evaluate for distant disease. 

US Breast 
There is no evidence to support the use of US breast to evaluate for distant disease. 

Variant 6: Surveillance. Regardless of clinical stage of breast cancer at time of original presentation. 
Evaluation for local recurrence in patient with history of BCT. 
Breast-conserving treatment (BCT) of lumpectomy followed by whole-breast radiation is the most common 
treatment following a diagnosis of stage I and II breast cancer. Long-term studies show no significant difference in 
survival rates of patients treated with BCT versus mastectomy. Locoregional recurrence typically occurs 3 to 6 
years post-treatment, at an average annual rate of 1% to 2.5% per year [167,168]. More recent studies indicate the 
risk of developing locoregional recurrence in patients with early stage disease treated with breast-conserving 
surgery, whole-breast radiation, and appropriate systemic treatments is approximately 0.5% per year [169]. In 1 
meta-analysis, the 10-year local recurrence rate in patients after neoadjuvant chemotherapy and breast conservation 
was 6.5% and locoregional disease recurrence was 10.3%. Factors found to be associated with a higher risk of local 
recurrence were ER-negative disease, axillary spread, especially in >3 nodes or clinically palpable disease, and a 
lack of pathologic complete response [170]. Studies have shown that early detection of recurrence (prior to clinical 
detection) improves long-term survival by approximately 17% to 28% [171]. Therefore, imaging surveillance 
remains important in this patient population. 

Digital Breast Tomosynthesis Diagnostic 
The most widely accepted guidelines regarding the surveillance of asymptomatic women with a history of breast 
cancer come from 2 national organizations: ASCO and NCCN [172,173]. Both organizations state that routine 
surveillance with an annual mammogram can detect an in-breast recurrence or a new primary breast cancer in 
women with an average risk for recurrence. 

However, there is institutional variation on the frequency (every 6 months versus annual) and time period (1-5 years 
post-BCT) for surveillance after BCT. There is also variation on whether to include women in the screening versus 
diagnostic patient populations, in which women in the diagnostic population wait for possible additional imaging 
needed to reach a final assessment prior to leaving the imaging facility. The sensitivity of mammography is 
decreased due to post-treatment changes from surgery and radiation therapy, and some institutions prefer closer 
follow-up after BCT to assess changes due to radiation and surgery and potentially detect local recurrences earlier 
than on annual follow-up imaging. A single-institution study of 2,329 women following BCT showed that a 6-
month interval for surveillance detected a higher proportion of local recurrences at an earlier stage compared with 
annual surveillance [174]. In a single-institution study of 789 asymptomatic women after BCT, 1.2% had cancer 
diagnosed at the 6-month timepoint following treatment (n = 169), and 0.6% had cancer detected in women who 
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underwent routine mammographic screening a year after treatment (n = 620) [175]. However, earlier diagnosis did 
not result in a difference in local and distant disease-free survival. In summary, there is insufficient evidence 
demonstrating superior outcomes with diagnostic versus screening mammography for breast cancer surveillance. 
Expert consensus is to perform an annual diagnostic examination for the first 3 years, followed by routine annual 
screening, due to the increased complexity of interpretation from postsurgical and postradiation changes [176] and 
the increased risk of recurrence in the first 3 years following treatment [177-180]. 

There have been multiple studies evaluating the performance of DM versus DBT for surveillance. Chikarmane et 
al [181] compared tomosynthesis with 2-D mammography in women with a personal history of breast cancer treated 
with lumpectomy and mastectomy. They reported a significant decrease in recall rate (7.9% versus 10.1%, 
respectively) and increased sensitivity (92.3% versus 90.0%, respectively) with tomosynthesis with no significant 
difference in the cancer detection rate (6.1 versus 6.0 per 1,000 women screened, respectively) or PPV (12.0% 
versus 6.4%, respectively). These changes in interpretive performance were similar regardless of whether the 
women underwent breast-conserving surgery or mastectomy. 

There is evidence that mammography alone may not be sufficient for surveillance in this population. In a large 
study involving 32,331 women with a history of breast cancer undergoing 117,971 surveillance mammographic 
examinations (112,269 digital mammographic examinations and 5,702 DBT examinations), surveillance 
mammography performance in the detection of interval cancers was inferior to established screening mammography 
benchmarks [182]. The main limitation of this study was the relative low proportion of DBT examinations, because 
DBT does detect more cancer than DM alone [183]. Women <50 years of age at primary breast cancer diagnosis 
appear to be at highest risk of a missed interval cancer using surveillance mammography [184]. These data suggest 
a need for evolving evidence-based surveillance recommendations on supplemental screening. 

Digital Breast Tomosynthesis Screening  
The most widely accepted guidelines regarding the surveillance of asymptomatic women with a history of breast 
cancer come from 2 national organizations: ASCO and NCCN [172,173]. Both organizations state that routine 
surveillance with an annual mammogram can detect an in-breast recurrence or a new primary breast cancer in 
women with an average risk for recurrence. 

However, there is institutional variation on the frequency (every 6 months versus annual) and time period (1-5 years 
post-BCT) for surveillance after BCT. There is also variation on whether to include women in the screening versus 
diagnostic patient populations, in which women in the diagnostic population wait for possible additional imaging 
needed to reach a final assessment prior to leaving the imaging facility, whereas women in the screening population 
could leave after their standard views are performed. The sensitivity of mammography is decreased due to post-
treatment changes from surgery and radiation therapy, and some institutions prefer closer follow-up after BCT to 
assess changes due to radiation and surgery and potentially detect local recurrences earlier than on annual follow-
up imaging. A single-institution study of 2,329 women following BCT showed that a 6-month interval for 
surveillance detected a higher proportion of local recurrences at an earlier stage, compared with annual surveillance 
[174]. In a single-institution study of 789 asymptomatic women after BCT, 1.2% had cancer diagnosed at the 6-
month timepoint following treatment (n = 169) and 0.6% had cancer detected in women who underwent routine 
mammographic screening a year after treatment (n = 620) [175]. However, earlier diagnosis did not result in a 
difference in local and distant disease-free survival. In summary, there is insufficient evidence demonstrating 
superior outcomes with diagnostic versus screening mammography for breast cancer surveillance. Expert consensus 
is to perform an annual diagnostic examination for the first 3 years, followed by routine annual screening, due to 
the increased complexity of interpretation from postsurgical and post radiation changes [176] and the increased risk 
of recurrence in the first 3 years following treatment [177-180]. 

FDG-PET/CT Skull Base to Mid-Thigh 
There is no literature to support the use of FDG-PET/CT to evaluate local recurrence of breast cancer.  

Mammography Diagnostic 
The most widely accepted guidelines regarding the surveillance of asymptomatic women with a history of breast 
cancer come from 2 national organizations: ASCO and NCCN [172,173]. Both organizations state that routine 
surveillance with an annual mammogram can detect an in-breast recurrence or a new primary breast cancer in 
women with an average risk for recurrence. 

However, there is institutional variation on the frequency (every 6 months versus annual) and time period (1-5 years 
post-BCT) for surveillance after BCT. There is also variation on whether to include women in the screening versus 
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diagnostic patient populations, in which women in the diagnostic population wait for possible additional imaging 
needed to reach a final assessment prior to leaving the imaging facility. The sensitivity of mammography is 
decreased due to post-treatment changes from surgery and radiation therapy, and some institutions prefer closer 
follow-up after BCT to assess changes due to radiation and surgery and potentially detect local recurrences earlier 
than annual follow-up. A single-institution study of 2,329 women following BCT showed that a 6-month interval 
for surveillance detected a higher proportion of local recurrences at an earlier stage compared with annual 
surveillance [174]. In a single-institution study of 789 asymptomatic women after BCT, 1.2% had cancer diagnosed 
at the 6-month timepoint following treatment (n = 169), and 0.6% had cancer detected in women who underwent 
routine mammographic screening a year after treatment (n = 620) [175]. However, earlier diagnosis did not result 
in a difference in local and distant disease-free survival. In summary, there is insufficient evidence demonstrating 
superior outcomes with diagnostic versus screening mammography for breast cancer surveillance. Expert consensus 
is to perform an annual diagnostic examination for the first 3 years, followed by routine annual screening, due to 
the increased complexity of interpretation from postsurgical and postradiation changes [176] and the increased risk 
of recurrence in the first 3 years following treatment [177-180]. 

There is evidence that mammography alone may not be sufficient for surveillance in this population. In a large 
study involving 32,331 women with a history of breast cancer undergoing 117,971 surveillance mammographic 
examinations (112,269 digital mammographic examinations and 5,702 DBT examinations), surveillance 
mammography performance in the detection of interval cancers was inferior to established screening mammography 
benchmarks [182], with the main limitation of this study being the relative low proportion of DBT examinations 
because DBT does detect more cancer than DM alone [183]. Women <50 years of age at primary breast cancer 
diagnosis appear to be at highest risk of a missed interval cancer using surveillance mammography [184]. These 
data suggest a need for evolving evidence-based surveillance recommendations on supplemental screening. 

Mammography Screening  
The most widely accepted guidelines regarding the surveillance of asymptomatic women with a history of breast 
cancer come from 2 national organizations: ASCO and NCCN [172,173]. Both organizations state that routine 
surveillance with an annual mammogram can detect an in-breast recurrence or a new primary breast cancer in 
women with an average risk for recurrence. 

However, there is institutional variation on the frequency (every 6 months versus annual) and time period (1-5 years 
post-BCT) for surveillance after BCT. There is also variation on whether to include women in the screening versus 
diagnostic patient populations, in which women in the diagnostic population wait for possible additional imaging 
needed to reach a final assessment prior to leaving the imaging facility, whereas women in the screening population 
could leave after their standard views are performed. The sensitivity of mammography is decreased due to post-
treatment changes from surgery and radiation therapy, and some institutions prefer closer follow-up after BCT to 
assess changes due to radiation and surgery and potentially detect local recurrences earlier than on annual follow-
up imaging. A single-institution study of 2,329 women following BCT showed that a 6-month interval for 
surveillance detected a higher proportion of local recurrences at an earlier stage compared with annual surveillance 
[174]. In a single-institution study of 789 asymptomatic women after BCT, 1.2% had cancer diagnosed at the 6-
month timepoint following treatment (n = 169), and 0.6% had cancer detected in women who underwent routine 
mammographic screening a year after treatment (n = 620) [175]. However, earlier diagnosis did not result in a 
difference in local and distant disease-free survival. In summary, there is insufficient evidence demonstrating 
superior outcomes with diagnostic versus screening mammography for breast cancer surveillance. Expert consensus 
is to perform an annual diagnostic examination for the first 3 years, followed by routine annual screening, due to 
the increased complexity of interpretation from postsurgical and postradiation changes [176] and the increased risk 
of recurrence in the first 3 years following treatment [177-180]. 

Mammography With IV Contrast 
A large study (n = 858) comparing the use of mammography with IV contrast to 2-D mammography showed an 
increase in the sensitivity of cancer detection from 50% to 87.5% with minimal changes to the specificity (97.1% 
versus 93.7%, respectively) and PPV (25.0% versus 20.9%, respectively) [185]. This study cohort included a large 
portion of women with a personal history of breast cancer (40.2%) and women with dense breasts (77.5%), although 
no information is given about the time since breast cancer diagnosis or stage at presentation in the surveillance 
population. 
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MRI Breast Without and With IV Contrast 
For most breast cancer survivors, there is insufficient evidence for or against the use of breast MRI to detect disease 
recurrence in women of average risk. However, the ACR recommends annual surveillance with breast MRI in 
women with a personal history of breast cancer and dense breast tissue, or those diagnosed before age 50 [186]. 
This ACR recommendation is partially due to data showing that women with a personal history of premenopausal 
breast cancer benefited from MRI screening [187]. 

Data from the Breast Cancer Surveillance Consortium (BCSC) showed that, compared with mammography, MRI 
identified more cancers (10.8 versus 8.2 per 1,000 women screened) at the expense of a higher biopsy rate (10.1% 
versus 4.0%). However, multivariate models showed no difference in interval cancer detection rate or sensitivity 
(61.4% versus 70.3%, respectively) [188]. Wernli et al [188] also found that surveillance breast MRI leads to higher 
biopsy rate (OR, 2.2; 95% CI, 1.9-2.7; P < .001) and cancer detection rate (OR, 1.7; 95% CI, 1.1-2.7; P = .03) than 
mammography alone. However, there were no differences in sensitivity (OR, 1.1; 95% CI, 0.4-2.9; P = .84) or 
interval cancer rate (OR, 1.1; 95% CI, 0.6-2.2; P = .70) compared with mammography. Single-institutional studies 
at academic centers evaluating MRI for surveillance report sensitivities between 75% to 100% [189-193]. The 
cancer detection rate ranges from 1% to 2.9% for women whose only risk factor is a personal history of breast 
cancer [190-192]. However, this increases to 5.4% in patients with a personal history of breast cancer and dense 
breasts [194]. Another study from the BCSC group showed that women with a personal history of breast cancer 
undergoing MRI had a 2-fold increase in biopsy rate per 1,000 screening episodes (57.1% versus 23.6%) and lower 
cancer yield (267.6 versus 404.6 per 1,000 episodes with biopsy) than following mammography [195]. Most 
recently, a meta-analysis from 2000-2019 evaluating MRI as a screening modality in 8,338 women with a history 
of breast cancer (12,335 MRI examinations) found insufficient data to recommend for or against MRI as a 
surveillance examination in addition to mammographic screening [196]. Cancer detection rates of a second breast 
cancer by MRI were 8 to 20 per 1,000 examinations, but the sensitivity range was from 61% to 100%, with BI-
RADS benchmark for MRI screening of at least 80%. Thus, clinical performance benchmarks have not been met in 
this population. Still, with the exception of the study on the BCSC cohort, other studies did not account for patient 
characteristics that could increase risk, such as premenopausal status, breast density, mutation status, or family 
history, through adjustment, stratification, or descriptive analysis. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating extent of disease. 

US Breast 
There is limited evidence to support the use of US breast for surveillance in women with history of BCT. A single 
study in Asian patients with a personal history of breast cancer treated with breast-conserving surgery or 
mastectomy showed diagnostic performances for the sensitivity, specificity, PPV, and accuracy of US of 95.8%, 
97.8%, 27.1%, and 97.9% after BCS and 42.9%, 97.5%, 9.4%, and 97.2% after mastectomy [197]. There is 
additional evidence that whole breast US, as an adjunct to screening mammography in all women with dense breasts, 
detects additional 0.3 to 7.7 cancers per 1,000 at the expense of 11.7 to 106.6 biopsies per 1,000 women [198]. 
Although useful as a general supplemental screening tool, these limited data do not support US breast as 
supplemental screening after breast cancer conservation, with more data needed to determine how postoperative 
changes and fat necrosis specific to this population might impact specificity and sensitivity. 

Variant 7: Surveillance. Regardless of clinical stage of breast cancer at time of original presentation. 
Evaluation for local recurrence in patient with history of mastectomy. 
Minimal residual breast tissue remains after all forms of mastectomy [199]. Although locoregional recurrence is 
typically detected clinically, some are incidentally detected by imaging, during the screening examination of the 
native contralateral breast. For these reasons, ASCO recommends frequent clinical surveillance with physical 
examination and history every 3 to 12 months for the first 5 years after mastectomy, followed by annual clinical 
breast examination in subsequent years [173]. 

Digital Breast Tomosynthesis Diagnostic 
There is no evidence to support the use of DBT to evaluate for recurrence after mastectomy in an asymptomatic 
patient. 

Digital Breast Tomosynthesis Screening  
There is no evidence to support the use of screening DBT to evaluate for recurrence after mastectomy. 
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FDG-PET/CT Skull Base to Mid-Thigh 
In asymptomatic patients with a history of breast cancer who received treatment for curative intent, there is no role 
for imaging to screen for locoregional recurrences with FDG-PET/CT skull base to mid-thigh. ASCO, NCCN, and 
ESMO all recommend against the routine use of imaging to screen for distant disease recurrence [172,173,200]. 

Mammography Diagnostic 
There is no evidence to support the use of diagnostic mammography to evaluate for recurrence after mastectomy in 
asymptomatic women. 

Mammography Screening  
There is no evidence to support the use of screening mammography to evaluate for recurrence after mastectomy. 
 
Mammography With IV Contrast 
There is no evidence to support the use of CEM to evaluate for recurrence after mastectomy in asymptomatic 
women. 

MRI Breast Without and With IV Contrast  
High-risk women with mastectomies may benefit from MRI surveillance of their remaining breast. In a small study 
evaluating MRI in women with a unilateral mastectomy, the cancer detection rate was 10 per 1,000 in the 
asymptomatic mastectomy side, and these cancers would have otherwise been undetected until symptomatic 
because screening mammography is not performed after mastectomy. In this population, surveillance MR had a 
sensitivity of 66.7%, a specificity of 99.2%, a PPV of 57.1%, and an NPV of 99.5%. Larger studies are needed to 
assess the utility of surveillance MR in the setting of mastectomy [201]. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in surveillance. 

US Breast 
There is limited evidence to support the use of US breast for surveillance in the women with history of mastectomy. 

Variant 8: Suspected local recurrence of breast cancer based on symptoms, physical examination, or 
laboratory value in patient with history of BCT. Regardless of clinical stage at time of original presentation. 
Digital Breast Tomosynthesis Diagnostic 
Mammography can assist in monitoring women with a history of breast cancer and evaluating for suspicion of local 
recurrence. Diagnostic DBT improves lesion characterization in noncalcified lesions when compared with 
conventional mammographic workup [202]. The performance of DM versus DBT has not been determined for 
symptomatic imaging specifically in the post-BCT population. 

FDG-PET/CT Skull Base to Mid-Thigh 
There is no evidence to support the use of FDG-PET/CT to evaluate for locoregional recurrence after BCT. 

Mammography Diagnostic 
Mammography can assist in monitoring women with a history of breast cancer and evaluating for suspicion of local 
recurrence. Diagnostic DBT improves lesion characterization in noncalcified lesions when compared with 
conventional mammographic workup [202]. The performance of DM versus DBT has not been determined for 
symptomatic imaging specifically in the post-BCT population. 

Mammography With IV Contrast 
There are limited data on the use of CEM in breast cancer surveillance. Sorin et al [203] did show a high incremental 
cancer detection rate (13.1 cancers per 1,000 women) when mammography with IV contrast replaced DM in patients 
with a personal history of breast cancer or with an intermediate lifetime risk. US (targeted and whole breast) 
increased the number of women needing biopsy from 80 to 134 without detecting additional malignancy. 

MRI Breast Without and With IV Contrast 
Although MRI does have greater sensitivity for malignancy than diagnostic mammogram alone, this use serves to 
detect asymptomatic disease. If there is a finding on the mammogram or US, then workup may be performed based 
on the most suspicious finding identified during the standard diagnostic workup. A mammographic finding can be 
sampled using tomosynthesis or stereotactic biopsy, and a sonographic finding can be sampled using US-guided 
biopsy. If mammogram and US are unrevealing, MRI is not useful as a problem-solving test, and, therefore, further 
management should be based upon the clinical symptoms. For example, evidence does not support the use of MRI 
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in cases of a palpable breast mass without corresponding suspicious finding on mammography or US. In a study, 2 
of 82 patients were subsequently diagnosed with malignancy with PPV of 25% [204], and in another, 3 of 167 
women with PPV of 13% [205]. Finally, a third study starting with 22,004 women with palpable abnormalities 
demonstrated 9,334 with negative mammogram and/or US. Thirty-one of these patients underwent subsequent MRI, 
with 8 subsequent biopsies and no malignancies found [206]. 

MRI Breast Without IV Contrast  
There is no role for noncontrast MRI in the setting of suspected local recurrence based on signs and symptoms. 

US Breast 
In the setting of symptoms suggesting a local recurrence such as a palpable mass or focal pain, US is used after 
diagnostic mammography for a full evaluation, as per the ACR Appropriateness Criteria® topics on “Palpable Breast 
Masses” [207] and “Breast Pain” [208]. 

US breast may be helpful to further evaluate women with suspected recurrence unless the findings on 
mammography corresponding to the physical examination finding are classic for a benign etiology (eg, fat necrosis). 

Variant 9: Suspected local recurrence of breast cancer based on symptoms, physical examination, or 
laboratory value in patient with history of mastectomy. Regardless of clinical stage at time of original 
presentation. 
Digital Breast Tomosynthesis Diagnostic 
There is no evidence to support the use of DBT to evaluate suspected local recurrence in the setting of mastectomy 
unless the local recurrence suspected is in the axillary region or the patient has a history of breast reconstruction. 

FDG-PET/CT Skull Base to Mid-Thigh 
There is no evidence to support the use of FDG-PET/CT to evaluate suspected local recurrence in the setting of 
mastectomy. 

Mammography Diagnostic 
There is no evidence to support the use of mammography to evaluate suspected local recurrence in the setting of 
mastectomy unless the local recurrence suspected is in the axillary region or the patient has a history of breast 
reconstruction. 

Mammography With IV Contrast 
There is no evidence to support the use of mammography with IV contrast to evaluate suspected local recurrence 
in the setting of mastectomy unless the local recurrence suspected is in the axillary region or the patient has a history 
of breast reconstruction. 

MRI Breast Without and With IV Contrast  
Although breast MR has been evaluated in the setting of asymptomatic screening after mastectomy, there is 
insufficient evidence to support the use of MR as a problem-solving tool after a negative mammogram (axillary 
finding/reconstructed breast) and/or US. Therefore, management should be based on clinical suspicion rather than 
additional imaging. 

MRI Breast Without IV Contrast  
There is no evidence to support the use of noncontrast breast MRI in evaluating disease suspected recurrence. 

US Breast 
In the setting of symptoms suggesting a local recurrence such as a palpable mass or focal pain, US is used after 
diagnostic mammography (if indicated) for a full evaluation, as per the ACR Appropriateness Criteria® topics on 
“Palpable Breast Masses” [207] and “Breast Pain” [208]. 

Variant 10: Surveillance. Regardless of clinical stage of breast cancer at time of original presentation. 
Evaluation for distant metastatic disease. 
Bone Scan Whole Body 
In asymptomatic patients with a history of breast cancer who received treatment for curative intent, there is no 
evidence to support the use of bone scan whole body for surveillance of distant metastatic disease. The ASCO, 
NCCN, ESMO, and ESO all recommend against the routine use of imaging to screen for distant disease recurrence 
[126,128,209,210]. 

https://acsearch.acr.org/docs/69495/narrative/
https://acsearch.acr.org/docs/69495/narrative/
https://acsearch.acr.org/docs/3091546/Narrative/
https://acsearch.acr.org/docs/69495/narrative/
https://acsearch.acr.org/docs/3091546/Narrative/
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CT Chest, Abdomen, and Pelvis With IV Contrast 
In asymptomatic patients with a history of breast cancer who received treatment for curative intent, there is no 
evidence to support the use of CT chest, abdomen, and pelvis for surveillance of distant metastatic disease. The 
ASCO, NCCN, ESMO, and ESO all recommend against the routine use of imaging to screen for distant disease 
recurrence [126,128,209,210]. 

CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
In asymptomatic patients with a history of breast cancer who received treatment for curative intent, there is no 
evidence to support the use of CT chest, abdomen, and pelvis for surveillance of distant metastatic disease. The 
ASCO, NCCN, ESMO, and ESO all recommend against the routine use of imaging to screen for distant disease 
recurrence [126,128,209,210]. 

CT Chest, Abdomen, and Pelvis Without IV Contrast 
In asymptomatic patients with a history of breast cancer who received treatment for curative intent, there is no 
evidence to support the use of CT chest, abdomen, and pelvis for surveillance of distant metastatic disease. The 
ASCO, NCCN, ESMO, and ESO all recommend against the routine use of imaging to screen for distant disease 
recurrence [126,128,209,210]. 

Digital Breast Tomosynthesis Diagnostic 
There is no evidence to support the use of DBT in asymptomatic women for surveillance of distant metastatic 
disease. 

FDG-PET/CT Skull Base to Mid-Thigh 
In asymptomatic patients with a history of breast cancer who received treatment for curative intent, there is no 
evidence to support the use of FDG-PET/CT for surveillance of distant metastatic disease. The ASCO, NCCN, 
ESMO, and ESO all recommend against the routine use of imaging to screen for distant disease recurrence 
[126,128,209,210].  

Mammography Diagnostic 
There is no evidence to support the use of mammography to evaluate suspected distant metastatic disease unless 
the recurrence suspected is in the axillary region. 

MRI Head Without and With IV Contrast 
There is no evidence supporting the use of MRI head without and with IV contrast in asymptomatic women for 
surveillance. In asymptomatic patients with a history of breast cancer who received treatment for curative intent, 
there is no role for imaging to screen for distant recurrences. The ASCO, NCCN, ESMO, and ESO all recommend 
against the routine use of imaging to screen for distant disease recurrence [126,128,209,210]. 

MRI Head Without IV Contrast 
There is no evidence supporting the use of MRI head without IV contrast in asymptomatic women for surveillance. 

US Axilla 
There is no evidence supporting the use of US axilla in asymptomatic women for surveillance of distant metastatic 
disease. 

Variant 11: Suspected distant recurrence of breast cancer based on symptoms, physical examination, or 
laboratory value. Regardless of clinical stage at time of original presentation. 
Bone Scan Whole Body 
In the setting of suspected distant recurrence, bone scan along with chest, abdomen, and pelvis CT is recommended 
by the NCCN [126]. 

CT Chest, Abdomen, and Pelvis With IV Contrast 
In the setting of suspected distant recurrence, bone scan plus chest, abdomen, and pelvis CT is recommended by 
the NCCN [172]. 

CT Chest, Abdomen, and Pelvis Without and With IV Contrast 
The majority of clinical questions for abdominal and/or pelvic CT can be appropriately answered with a single-
phase study as detailed in the ACR-SABI-SPR practice parameter for the performance of CT of the abdomen and 
CT of the pelvis [21]. 
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CT Chest, Abdomen, and Pelvis Without IV Contrast 
There is no evidence to support the use of CT chest, abdomen, and pelvis without IV contrast to evaluate for distant 
recurrence. 

FDG-PET/CT Skull Base to Mid-Thigh 
In symptomatic patients with a history of breast cancer who received treatment for curative intent, PET/CT can be 
used to evaluate for recurrence according to NCCN guidelines [126].  

MRI Head Without and With IV Contrast 
The cumulative incidence of secondary breast cancer brain metastases among a US-based population of patients 
with primary breast cancer was 9.1% (95% CI, 8.5%-9.8%) and the prevalence was 11.7% (95% CI, 11.0%-12.4%) 
in a study including any patient with a breast cancer diagnosis [164]. In a single study of 968 patients with brain 
metastasis, Martin et al [165] found a higher incidence among hormone receptor–negative, HER2+ (1.1%), and 
triple-negative (0.7%) subtypes. In patients with known metastasis to any extracranial site, the incidence increased 
to 11.5% and 11.4%, respectively. The incidence of brain metastases was also higher among Black women, possibly 
due to later stage at diagnosis (OR, 1.27; 95% CI, 1.06-1.53; P = .01). In the setting of symptoms concerning for 
brain metastases (headache, nausea, vomiting), a CT head with IV contrast or MRI head with and without IV 
contrast may be helpful, as detailed in the ACR Appropriateness Criteria® topic on “Headache” [211]. 

MRI Head Without IV Contrast 
There is no evidence supporting the use of MRI head without IV contrast in symptomatic women for the detection 
of distant disease. 

Summary of Recommendations 
• Variant 1: US breast, DBT diagnostic, mammography diagnostic, and MRI breast without and with IV contrast 

are usually appropriate for a newly diagnosed patient with clinical stage I to IIA (early stage) breast cancer at 
presentation getting an evaluation for locoregional disease (includes IDC or ILC, or NOS). These procedures 
are complementary (ie, more than one procedure is ordered as a set or simultaneously where each procedure 
provides unique clinical information to effectively manage the patient’s care). 

• Variant 2: Imaging is usually not appropriate for a newly diagnosed patient with clinical stage I to IIA (early 
stage) breast cancer at presentation to evaluate for distant disease (includes IDC, or ILC, or NOS). 

• Variant 3: US axilla, US breast, DBT diagnostic, mammography diagnostic, MRI breast without and with IV 
contrast, and FDG-PET/CT skull base to mid-thigh are usually appropriate for a newly diagnosed patient with 
clinical stage IIB to III (later stage) breast cancer at presentation to evaluate for locoregional disease (includes 
IDC, or ILC, or NOS). These procedures can be complementary, each providing unique clinical information to 
effectively manage the patient’s care. 

• Variant 4: Bone scan whole body, CT chest abdomen pelvis with IV contrast, and FDG-PET/CT skull base to 
mid-thigh are usually appropriate for a newly diagnosed patient with clinical stage IIB to III (later stage) breast 
cancer at presentation to evaluate for distant disease with IDC or ILC that is ER+/HER2-negative. These 
procedures can be complementary, each providing unique clinical information to effectively manage the 
patient’s care. 

• Variant 5: Bone scan whole body, CT chest abdomen pelvis with IV contrast, and FDG-PET/CT skull base to 
mid-thigh are usually appropriate for a newly diagnosed patient with clinical stage IIB to III (later stage) breast 
cancer at presentation to evaluate for distant disease with IDC or ILC that is HER2+ or triple-negative (ER, PR, 
and HER2-negative). These procedures can be complementary, each providing unique clinical information to 
effectively manage the patient’s care. 

• Variant 6: DBT diagnostic, DBT screening, mammography diagnostic, or mammography screening are usually 
appropriate for a patient with a history of breast cancer, regardless of clinical stage at time of original 
presentation to evaluate for local recurrence and screen for de novo disease. These procedures are equivalent 
alternatives (ie, only one procedure will be ordered to provide the clinical information to effectively manage 
the patient’s care). 

• Variant 7: MRI breast without and with IV contrast may be appropriate as a routine screening tool for the 
contralateral breast in a patient with a history of breast cancer who has undergone a mastectomy.  

https://acsearch.acr.org/docs/69482/Narrative/
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• Variant 8: US breast, DBT diagnostic, and mammography diagnostic are usually appropriate to evaluate a 
patient with suspected local recurrence of breast cancer based on symptoms, physical examination, or laboratory 
values. These procedures are complementary (ie, more than one procedure is ordered as a set or simultaneously 
in which each procedure provides unique clinical information to effectively manage the patient’s care). 

• Variant 9: US breast is usually appropriate for a patient with suspected local recurrence of breast cancer based 
on symptoms, physical examination, or laboratory value that has a history of mastectomy regardless of location 
or history of reconstruction. 

• Variant 10: Imaging is usually not appropriate to evaluate for distant disease in an asymptomatic patient with 
a history of breast cancer. 

• Variant 11: MRI head without and with IV contrast, bone scan whole body, CT chest abdomen pelvis with IV 
contrast, and FDG-PET/CT skull base to mid-thigh are usually appropriate for a patient with suspected distant 
recurrence of breast cancer based on symptoms, physical examination, or laboratory value regardless of clinical 
stage at time of original presentation. These procedures can be complementary, each providing unique clinical 
information to effectively manage the patient’s care. 

Supporting Documents 
The evidence table, literature search, and appendix for this topic are available at https://acsearch.acr.org/list. The 
appendix includes the strength of evidence assessment and the final rating round tabulations for each 
recommendation. 

For additional information on the Appropriateness Criteria methodology and other supporting documents go to 
www.acr.org/ac. 

Appropriateness Category Names and Definitions 

Appropriateness Category Name Appropriateness 
Rating Appropriateness Category Definition 

Usually Appropriate 7, 8, or 9 
The imaging procedure or treatment is indicated in the 
specified clinical scenarios at a favorable risk-benefit 
ratio for patients. 

May Be Appropriate 4, 5, or 6 

The imaging procedure or treatment may be indicated 
in the specified clinical scenarios as an alternative to 
imaging procedures or treatments with a more 
favorable risk-benefit ratio, or the risk-benefit ratio for 
patients is equivocal. 

May Be Appropriate 
(Disagreement) 5 

The individual ratings are too dispersed from the panel 
median. The different label provides transparency 
regarding the panel’s recommendation. “May be 
appropriate” is the rating category and a rating of 5 is 
assigned. 

Usually Not Appropriate 1, 2, or 3 

The imaging procedure or treatment is unlikely to be 
indicated in the specified clinical scenarios, or the 
risk-benefit ratio for patients is likely to be 
unfavorable. 

Relative Radiation Level Information 
Potential adverse health effects associated with radiation exposure are an important factor to consider when 
selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures associated with 
different diagnostic procedures, a relative radiation level (RRL) indication has been included for each imaging 
examination. The RRLs are based on effective dose, which is a radiation dose quantity that is used to estimate 
population total radiation risk associated with an imaging procedure. Patients in the pediatric age group are at 
inherently higher risk from exposure, because of both organ sensitivity and longer life expectancy (relevant to the 
long latency that appears to accompany radiation exposure). For these reasons, the RRL dose estimate ranges for 

https://acsearch.acr.org/list
https://www.acr.org/Clinical-Resources/ACR-Appropriateness-Criteria
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pediatric examinations are lower as compared with those specified for adults (see Table below). Additional 
information regarding radiation dose assessment for imaging examinations can be found in the ACR 
Appropriateness Criteria® Radiation Dose Assessment Introduction document [212]. 

Relative Radiation Level Designations 

Relative Radiation Level* Adult Effective Dose Estimate 
Range 

Pediatric Effective Dose Estimate 
Range 

O 0 mSv 0 mSv 

☢ <0.1 mSv <0.03 mSv 

☢☢ 0.1-1 mSv 0.03-0.3 mSv 

☢☢☢ 1-10 mSv 0.3-3 mSv 

☢☢☢☢ 10-30 mSv 3-10 mSv 

☢☢☢☢☢ 30-100 mSv 10-30 mSv 
*RRL assignments for some of the examinations cannot be made, because the actual patient doses in these procedures vary 
as a function of a number of factors (eg, region of the body exposed to ionizing radiation, the imaging guidance that is used). 
The RRLs for these examinations are designated as “Varies.” 

References 
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin 2022;72:7-33. 
2. Moossdorff M, van Roozendaal LM, Strobbe LJ, et al. Maastricht Delphi consensus on event definitions 

for classification of recurrence in breast cancer research. J Natl Cancer Inst 2014;106. 
3. Kalli S, Semine A, Cohen S, Naber SP, Makim SS, Bahl M. American Joint Committee on Cancer's 

Staging System for Breast Cancer, Eighth Edition: What the Radiologist Needs to Know. Radiographics 
2018;38:1921-33. 

4. Giuliano AE, Connolly JL, Edge SB, et al. Breast Cancer-Major changes in the American Joint 
Committee on Cancer eighth edition cancer staging manual. CA Cancer J Clin 2017;67:290-303. 

5. Kim JY, Lim JE, Jung HH, et al. Validation of the new AJCC eighth edition of the TNM classification for 
breast cancer with a single-center breast cancer cohort. Breast Cancer Res Treat 2018;171:737-45. 

6. Stringer-Reasor EM, Elkhanany A, Khoury K, Simon MA, Newman LA. Disparities in Breast Cancer 
Associated With African American Identity. Am Soc Clin Oncol Educ Book 2021;41:e29-e46. 

7. Jatoi I, Sung H, Jemal A. The Emergence of the Racial Disparity in U.S. Breast-Cancer Mortality. N Engl 
J Med 2022;386:2349-52. 

8. Hahn EE, Tang T, Lee JS, et al. Use of imaging for staging of early-stage breast cancer in two integrated 
health care systems: adherence with a choosing wisely recommendation. J Oncol Pract 2015;11:e320-8. 

9. Lupichuk S, Tilley D, Surgeoner B, King K, Joy AA. Unwarranted imaging for distant metastases in 
patients with newly diagnosed ductal carcinoma in situ and stage I and II breast cancer. Can J Surg 
2020;63:E100-E09. 

10. Keating NL, Landrum MB, Guadagnoli E, Winer EP, Ayanian JZ. Surveillance testing among survivors 
of early-stage breast cancer. J Clin Oncol 2007;25:1074-81. 

11. Catalano OA, Daye D, Signore A, et al. Staging performance of whole-body DWI, PET/CT and 
PET/MRI in invasive ductal carcinoma of the breast. Int J Oncol 2017;51:281-88. 

12. de Mooij CM, Sunen I, Mitea C, et al. Diagnostic performance of PET/computed tomography versus 
PET/MRI and diffusion-weighted imaging in the N- and M-staging of breast cancer patients. Nucl Med 
Commun 2020;41:995-1004. 

13. Han S, Choi JY. Impact of 18F-FDG PET, PET/CT, and PET/MRI on Staging and Management as an 
Initial Staging Modality in Breast Cancer: A Systematic Review and Meta-analysis. Clin Nucl Med 
2021;46:271-82. 

14. Lin CY, Lin CL, Kao CH. Staging/restaging performance of F18-fluorodeoxyglucose positron emission 
tomography/magnetic resonance imaging in breast cancer: A review and meta-analysis. Eur J Radiol 
2018;107:158-65. 

15. Lu XR, Qu MM, Zhai YN, Feng W, Gao Y, Lei JQ. Diagnostic role of 18F-FDG PET/MRI in the TNM 
staging of breast cancer: a systematic review and meta-analysis. Ann Palliat Med 2021;10:4328-37. 

https://www.acr.org/-/media/ACR/Files/Appropriateness-Criteria/RadiationDoseAssessmentIntro.pdf


ACR Appropriateness Criteria® 32 Imaging of Invasive Breast Cancer 

16. Sumkin JH, Berg WA, Carter GJ, et al. Diagnostic Performance of MRI, Molecular Breast Imaging, and 
Contrast-enhanced Mammography in Women with Newly Diagnosed Breast Cancer. Radiology 
2019;293:531-40. 

17. Kim BS. Usefulness of breast-specific gamma imaging as an adjunct modality in breast cancer patients 
with dense breast: a comparative study with MRI. Ann Nucl Med 2012;26:131-7. 

18. Hunt KN, Conners AL, Goetz MP, et al. Comparison of (99m)Tc-Sestamibi Molecular Breast Imaging 
and Breast MRI in Patients With Invasive Breast Cancer Receiving Neoadjuvant Chemotherapy. AJR Am 
J Roentgenol 2019;213:932-43. 

19. Kurland BF, Wiggins JR, Coche A, et al. Whole-Body Characterization of Estrogen Receptor Status in 
Metastatic Breast Cancer with 16alpha-18F-Fluoro-17beta-Estradiol Positron Emission Tomography: 
Meta-Analysis and Recommendations for Integration into Clinical Applications. Oncologist 2020;25:835-
44. 

20. Akashi-Tanaka S, Sato N, Ohsumi S, et al. Evaluation of the usefulness of breast CT imaging in 
delineating tumor extent and guiding surgical management: a prospective multi-institutional study. Ann 
Surg 2012;256:157-62. 

21. American College of Radiology. ACR–SABI–SAR–SPR PRACTICE PARAMETER FOR THE 
PERFORMANCE OF COMPUTED TOMOGRAPHY (CT) OF THE ABDOMEN AND COMPUTED 
TOMOGRAPHY (CT) OF THE PELVIS. Available at: https://www.acr.org/-/media/ACR/Files/Practice-
Parameters/ct-abd-pel.pdf. Accessed September 29, 2023. 

22. Berg WA, Gutierrez L, NessAiver MS, et al. Diagnostic accuracy of mammography, clinical examination, 
US, and MR imaging in preoperative assessment of breast cancer. Radiology 2004;233:830-49. 

23. Kim WH, Chang JM, Moon HG, et al. Comparison of the diagnostic performance of digital breast 
tomosynthesis and magnetic resonance imaging added to digital mammography in women with known 
breast cancers. Eur Radiol 2016;26:1556-64. 

24. Fontaine M, Tourasse C, Pages E, et al. Local Tumor Staging of Breast Cancer: Digital Mammography 
versus Digital Mammography Plus Tomosynthesis. Radiology 2019;291:594-603. 

25. Mercier J, Kwiatkowski F, Abrial C, et al. The role of tomosynthesis in breast cancer staging in 75 
patients. Diagn Interv Imaging 2015;96:27-35. 

26. Gruber IV, Rueckert M, Kagan KO, et al. Measurement of tumour size with mammography, sonography 
and magnetic resonance imaging as compared to histological tumour size in primary breast cancer. BMC 
Cancer 2013;13:328. 

27. Stein RG, Wollschlager D, Kreienberg R, et al. The impact of breast cancer biological subtyping on tumor 
size assessment by ultrasound and mammography - a retrospective multicenter cohort study of 6543 
primary breast cancer patients. BMC Cancer 2016;16:459. 

28. Helal MH, Mansour SM, Zaglol M, Salaleldin LA, Nada OM, Haggag MA. Staging of breast cancer and 
the advanced applications of digital mammogram: what the physician needs to know? Br J Radiol 
2017;90:20160717. 

29. Marinovich ML, Bernardi D, Macaskill P, Ventriglia A, Sabatino V, Houssami N. Agreement between 
digital breast tomosynthesis and pathologic tumour size for staging breast cancer, and comparison with 
standard mammography. Breast 2019;43:59-66. 

30. Kapoor NS, Eaton A, King TA, et al. Should breast density influence patient selection for breast-
conserving surgery? Ann Surg Oncol 2013;20:600-6. 

31. Grubstein A, Rapson Y, Morgenstern S, et al. Invasive Lobular Carcinoma of the Breast: Appearance on 
Digital Breast Tomosynthesis. Breast Care (Basel) 2016;11:359-62. 

32. Yun SJ, Ryu CW, Rhee SJ, Ryu JK, Oh JY. Benefit of adding digital breast tomosynthesis to digital 
mammography for breast cancer screening focused on cancer characteristics: a meta-analysis. Breast 
Cancer Res Treat 2017;164:557-69. 

33. Marinovich ML, Macaskill P, Bernardi D, Houssami N. Systematic review of agreement between 
tomosynthesis and pathologic tumor size for newly diagnosed breast cancer and comparison with other 
imaging tests. Expert Rev Med Devices 2018;15:489-96. 

34. Hadjiminas DJ, Zacharioudakis KE, Tasoulis MK, et al. Adequacy of diagnostic tests and surgical 
management of symptomatic invasive lobular carcinoma of the breast. Ann R Coll Surg Engl 
2015;97:578-83. 

https://www.acr.org/-/media/ACR/Files/Practice-Parameters/ct-abd-pel.pdf
https://www.acr.org/-/media/ACR/Files/Practice-Parameters/ct-abd-pel.pdf


ACR Appropriateness Criteria® 33 Imaging of Invasive Breast Cancer 

35. Liu Q, Xing P, Dong H, Zhao T, Jin F. Preoperative assessment of axillary lymph node status in breast 
cancer patients by ultrasonography combined with mammography: A STROBE compliant article. 
Medicine (Baltimore) 2018;97:e11441. 

36. Pilewskie M, Jochelson M, Gooch JC, Patil S, Stempel M, Morrow M. Is Preoperative Axillary Imaging 
Beneficial in Identifying Clinically Node-Negative Patients Requiring Axillary Lymph Node Dissection? 
J Am Coll Surg 2016;222:138-45. 

37. Barrio AV, Mamtani A, Eaton A, Brennan S, Stempel M, Morrow M. Is Routine Axillary Imaging 
Necessary in Clinically Node-Negative Patients Undergoing Neoadjuvant Chemotherapy? Ann Surg 
Oncol 2017;24:645-51. 

38. Botsikas D, Kalovidouri A, Becker M, et al. Clinical utility of 18F-FDG-PET/MR for preoperative breast 
cancer staging. Eur Radiol 2016;26:2297-307. 

39. Grueneisen J, Nagarajah J, Buchbender C, et al. Positron Emission Tomography/Magnetic Resonance 
Imaging for Local Tumor Staging in Patients With Primary Breast Cancer: A Comparison With Positron 
Emission Tomography/Computed Tomography and Magnetic Resonance Imaging. Invest Radiol 
2015;50:505-13. 

40. Teixeira SC, Rebolleda JF, Koolen BB, et al. Evaluation of a Hanging-Breast PET System for Primary 
Tumor Visualization in Patients With Stage I-III Breast Cancer: Comparison With Standard PET/CT. 
AJR Am J Roentgenol 2016;206:1307-14. 

41. Koolen BB, Vrancken Peeters MJ, Aukema TS, et al. 18F-FDG PET/CT as a staging procedure in 
primary stage II and III breast cancer: comparison with conventional imaging techniques. Breast Cancer 
Res Treat 2012;131:117-26. 

42. Ecanow JS, Abe H, Newstead GM, Ecanow DB, Jeske JM. Axillary staging of breast cancer: what the 
radiologist should know. Radiographics 2013;33:1589-612. 

43. Carter CL, Allen C, Henson DE. Relation of tumor size, lymph node status, and survival in 24,740 breast 
cancer cases. Cancer 1989;63:181-7. 

44. Sasada S, Masumoto N, Kimura Y, et al. Identification of Axillary Lymph Node Metastasis in Patients 
With Breast Cancer Using Dual-Phase FDG PET/CT. AJR Am J Roentgenol 2019;213:1129-35. 

45. Sohn YM, Hong IK, Han K. Role of [18F]fluorodeoxyglucose positron emission tomography-computed 
tomography, sonography, and sonographically guided fine-needle aspiration biopsy in the diagnosis of 
axillary lymph nodes in patients with breast cancer: comparison of diagnostic performance. J Ultrasound 
Med 2014;33:1013-21. 

46. Cortadellas T, Argacha P, Acosta J, et al. Estimation of tumor size in breast cancer comparing clinical 
examination, mammography, ultrasound and MRI-correlation with the pathological analysis of the 
surgical specimen. Gland Surg 2017;6:330-35. 

47. Jochelson MS, Lobbes MBI. Contrast-enhanced Mammography: State of the Art. Radiology 
2021;299:36-48. 

48. Fallenberg EM, Dromain C, Diekmann F, et al. Contrast-enhanced spectral mammography versus MRI: 
Initial results in the detection of breast cancer and assessment of tumour size. Eur Radiol 2014;24:256-64. 

49. Jochelson MS, Dershaw DD, Sung JS, et al. Bilateral contrast-enhanced dual-energy digital 
mammography: feasibility and comparison with conventional digital mammography and MR imaging in 
women with known breast carcinoma. Radiology 2013;266:743-51. 

50. Youn I, Choi S, Choi YJ, et al. Contrast enhanced digital mammography versus magnetic resonance 
imaging for accurate measurement of the size of breast cancer. Br J Radiol 2019;92:20180929. 

51. Cheung YC, Juan YH, Lo YF, Lin YC, Yeh CH, Ueng SH. Preoperative assessment of contrast-enhanced 
spectral mammography of diagnosed breast cancers after sonographic biopsy: Correlation to contrast-
enhanced magnetic resonance imaging and 5-year postoperative follow-up. Medicine (Baltimore) 
2020;99:e19024. 

52. Fallenberg EM, Dromain C, Diekmann F, et al. Contrast-enhanced spectral mammography: Does 
mammography provide additional clinical benefits or can some radiation exposure be avoided? Breast 
Cancer Res Treat 2014;146:371-81. 

53. Lee-Felker SA, Tekchandani L, Thomas M, et al. Newly Diagnosed Breast Cancer: Comparison of 
Contrast-enhanced Spectral Mammography and Breast MR Imaging in the Evaluation of Extent of 
Disease. Radiology 2017;285:389-400. 

54. van Nijnatten TJ, Jochelson MS, Pinker K, et al. Differences in degree of lesion enhancement on CEM 
between ILC and IDC. BJR Open 2019;1:20180046. 



ACR Appropriateness Criteria® 34 Imaging of Invasive Breast Cancer 

55. Miller BT, Abbott AM, Tuttle TM. The influence of preoperative MRI on breast cancer treatment. Ann 
Surg Oncol 2012;19:536-40. 

56. Elmi A, Conant EF, Kozlov A, et al. Preoperative breast MR imaging in newly diagnosed breast cancer: 
Comparison of outcomes based on mammographic modality, breast density and breast parenchymal 
enhancement. Clin Imaging 2021;70:18-24. 

57. He H, Plaxco JS, Wei W, et al. Incremental cancer detection using breast ultrasonography versus breast 
magnetic resonance imaging in the evaluation of newly diagnosed breast cancer patients. Br J Radiol 
2016;89:20160401. 

58. Brennan ME, Houssami N, Lord S, et al. Magnetic resonance imaging screening of the contralateral 
breast in women with newly diagnosed breast cancer: systematic review and meta-analysis of incremental 
cancer detection and impact on surgical management. J Clin Oncol 2009;27:5640-9. 

59. Choi WJ, Cha JH, Kim HH, Shin HJ, Chae EY. The Accuracy of Breast MR Imaging for Measuring the 
Size of a Breast Cancer: Analysis of the Histopathologic Factors. Clin Breast Cancer 2016;16:e145-e52. 

60. Sanderink WBG, Caballo M, Strobbe LJA, et al. Reliability of MRI tumor size measurements for minimal 
invasive treatment selection in small breast cancers. Eur J Surg Oncol 2020;46:1463-70. 

61. Shin HC, Han W, Moon HG, et al. Limited value and utility of breast MRI in patients undergoing breast-
conserving cancer surgery. Ann Surg Oncol 2012;19:2572-9. 

62. Carin AJ, Moliere S, Gabriele V, et al. Relevance of breast MRI in determining the size and focality of 
invasive breast cancer treated by mastectomy: a prospective study. World J Surg Oncol 2017;15:128. 

63. Mann RM, Cho N, Moy L. Breast MRI: State of the Art. Radiology 2019;292:520-36. 
64. Gonzalez V, Sandelin K, Karlsson A, et al. Preoperative MRI of the breast (POMB) influences primary 

treatment in breast cancer: a prospective, randomized, multicenter study. World J Surg 2014;38:1685-93. 
65. Kuhl CK, Strobel K, Bieling H, et al. Impact of Preoperative Breast MR Imaging and MR-guided Surgery 

on Diagnosis and Surgical Outcome of Women with Invasive Breast Cancer with and without DCIS 
Component. Radiology 2017;284:645-55. 

66. Patel BK, Shah NA, Galgano SJ, et al. Does Preoperative MRI Workup Affect Mastectomy Rates and/or 
Re-excision Rates in Patients with Newly Diagnosed Breast Carcinoma? A Retrospective Review. Breast 
J 2015;21:604-9. 

67. Preibsch H, Blumenstock G, Oberlechner E, et al. Preoperative breast MR Imaging in patients with 
primary breast cancer has the potential to decrease the rate of repeated surgeries. Eur J Radiol 
2017;94:148-53. 

68. Sung JS, Li J, Da Costa G, et al. Preoperative breast MRI for early-stage breast cancer: effect on surgical 
and long-term outcomes. AJR Am J Roentgenol 2014;202:1376-82. 

69. Sardanelli F, Trimboli RM, Houssami N, et al. Magnetic resonance imaging before breast cancer surgery: 
results of an observational multicenter international prospective analysis (MIPA). Eur Radiol 
2022;32:1611-23. 

70. Turnbull L, Brown S, Harvey I, et al. Comparative effectiveness of MRI in breast cancer (COMICE) trial: 
a randomised controlled trial. Lancet 2010;375:563-71. 

71. Houssami N, Turner RM, Morrow M. Meta-analysis of pre-operative magnetic resonance imaging (MRI) 
and surgical treatment for breast cancer. Breast Cancer Res Treat 2017;165:273-83. 

72. Amin AL, Sack S, Larson KE, et al. Does the Addition of Breast MRI Add Value to the Diagnostic 
Workup of Invasive Lobular Carcinoma? J Surg Res 2021;257:144-52. 

73. Bansal GJ, Santosh D, Davies EL. Selective magnetic resonance imaging (MRI) in invasive lobular breast 
cancer based on mammographic density: does it lead to an appropriate change in surgical treatment? Br J 
Radiol 2016;89:20150679. 

74. Brennan ME, McKessar M, Snook K, Burgess I, Spillane AJ. Impact of selective use of breast MRI on 
surgical decision-making in women with newly diagnosed operable breast cancer. Breast 2017;32:135-43. 

75. El Sharouni MA, Postma EL, Menezes GL, et al. High Prevalence of MRI-Detected Contralateral and 
Ipsilateral Malignant Findings in Patients With Invasive Ductolobular Breast Cancer: Impact on Surgical 
Management. Clin Breast Cancer 2016;16:269-75. 

76. Ha SM, Chae EY, Cha JH, Kim HH, Shin HJ, Choi WJ. Breast MR Imaging before Surgery: Outcomes in 
Patients with Invasive Lobular Carcinoma by Using Propensity Score Matching. Radiology 
2018;287:771-77. 



ACR Appropriateness Criteria® 35 Imaging of Invasive Breast Cancer 

77. Heil J, Buehler A, Golatta M, et al. Do patients with invasive lobular breast cancer benefit in terms of 
adequate change in surgical therapy from a supplementary preoperative breast MRI? Ann Oncol 
2012;23:98-104. 

78. Muttalib M, Ibrahem R, Khashan AS, Hajaj M. Prospective MRI assessment for invasive lobular breast 
cancer. Correlation with tumour size at histopathology and influence on surgical management. Clin 
Radiol 2014;69:23-8. 

79. Parvaiz MA, Yang P, Razia E, et al. Breast MRI in Invasive Lobular Carcinoma: A Useful Investigation 
in Surgical Planning? Breast J 2016;22:143-50. 

80. Selvi V, Nori J, Meattini I, et al. Role of Magnetic Resonance Imaging in the Preoperative Staging and 
Work-Up of Patients Affected by Invasive Lobular Carcinoma or Invasive Ductolobular Carcinoma. 
Biomed Res Int 2018;2018:1569060. 

81. Sinclair K, Sakellariou S, Dawson N, Litherland J. Does preoperative breast MRI significantly impact on 
initial surgical procedure and re-operation rates in patients with screen-detected invasive lobular 
carcinoma? Clin Radiol 2016;71:543-50. 

82. Moloney BM, McAnena PF, Ryan EJ, et al. The Impact of Preoperative Breast Magnetic Resonance 
Imaging on Surgical Management in Symptomatic Patients With Invasive Lobular Carcinoma. Breast 
Cancer (Auckl) 2020;14:1178223420948477. 

83. Ha SM, Chae EY, Cha JH, Kim HH, Shin HJ, Choi WJ. Long-term survival outcomes in invasive lobular 
carcinoma patients with and without preoperative MR imaging: a matched cohort study. Eur Radiol 
2019;29:2526-34. 

84. Ryu J, Park HS, Kim S, Kim JY, Park S, Kim SI. Preoperative Magnetic Resonance Imaging and Survival 
Outcomes in T1-2 Breast Cancer Patients Who Receive Breast-Conserving Therapy. J Breast Cancer 
2016;19:423-28. 

85. Houssami N, Turner R, Macaskill P, et al. An individual person data meta-analysis of preoperative 
magnetic resonance imaging and breast cancer recurrence. J Clin Oncol 2014;32:392-401. 

86. Gonzalez V, Arver B, Lofgren L, Bergkvist L, Sandelin K, Eriksson S. Impact of preoperative breast MRI 
on 10-year survival of patients included in the Swedish randomized multicentre POMB trial. BJS Open 
2021;5. 

87. Freitas V, Li X, Amitai Y, et al. Contralateral Breast Screening with Preoperative MRI: Long-Term 
Outcomes for Newly Diagnosed Breast Cancer. Radiology 2022;304:297-307. 

88. Le-Petross HT, Slanetz PJ, Lewin AA, et al. ACR Appropriateness Criteria® Imaging of the Axilla. J Am 
Coll Radiol 2022;19:S87-S113. 

89. Giuliano AE, Ballman KV, McCall L, et al. Effect of Axillary Dissection vs No Axillary Dissection on 
10-Year Overall Survival Among Women With Invasive Breast Cancer and Sentinel Node Metastasis: 
The ACOSOG Z0011 (Alliance) Randomized Clinical Trial. JAMA 2017;318:918-26. 

90. Le-Petross HT, McCall LM, Hunt KK, et al. Axillary Ultrasound Identifies Residual Nodal Disease After 
Chemotherapy: Results From the American College of Surgeons Oncology Group Z1071 Trial (Alliance). 
AJR Am J Roentgenol 2018;210:669-76. 

91. Ertan K, Linsler C, di Liberto A, Ong MF, Solomayer E, Endrikat J. Axillary ultrasound for breast cancer 
staging: an attempt to identify clinical/histopathological factors impacting diagnostic performance. Breast 
Cancer (Auckl) 2013;7:35-40. 

92. Kaur N, Sharma P, Garg A, Tandon A. Accuracy of individual descriptors and grading of nodal 
involvement by axillary ultrasound in patients of breast cancer. Int J Breast Cancer 2013;2013:930596. 

93. Elmore LC, Appleton CM, Zhou G, Margenthaler JA. Axillary ultrasound in patients with clinically 
node-negative breast cancer: which features are predictive of disease? J Surg Res 2013;184:234-40. 

94. Caudle AS, Kuerer HM, Le-Petross HT, et al. Predicting the extent of nodal disease in early-stage breast 
cancer. Ann Surg Oncol 2014;21:3440-7. 

95. Abe H, Schmidt RA, Kulkarni K, Sennett CA, Mueller JS, Newstead GM. Axillary lymph nodes 
suspicious for breast cancer metastasis: sampling with US-guided 14-gauge core-needle biopsy--clinical 
experience in 100 patients. Radiology 2009;250:41-9. 

96. Alvarez S, Anorbe E, Alcorta P, Lopez F, Alonso I, Cortes J. Role of sonography in the diagnosis of 
axillary lymph node metastases in breast cancer: a systematic review. AJR Am J Roentgenol 
2006;186:1342-8. 

97. Upadhyaya VS, Lim GH, Chan EYK, Fook-Chong SMC, Leong LCH. Evaluating the preoperative breast 
cancer characteristics affecting the accuracy of axillary ultrasound staging. Breast J 2020;26:162-67. 



ACR Appropriateness Criteria® 36 Imaging of Invasive Breast Cancer 

98. Lee B, Lim AK, Krell J, et al. The efficacy of axillary ultrasound in the detection of nodal metastasis in 
breast cancer. AJR Am J Roentgenol 2013;200:W314-20. 

99. Cools-Lartigue J, Sinclair A, Trabulsi N, et al. Preoperative axillary ultrasound and fine-needle aspiration 
biopsy in the diagnosis of axillary metastases in patients with breast cancer: predictors of accuracy and 
future implications. Ann Surg Oncol 2013;20:819-27. 

100. Houssami N, Ciatto S, Turner RM, Cody HS, 3rd, Macaskill P. Preoperative ultrasound-guided needle 
biopsy of axillary nodes in invasive breast cancer: meta-analysis of its accuracy and utility in staging the 
axilla. Ann Surg 2011;254:243-51. 

101. Del Riego J, Diaz-Ruiz MJ, Teixido M, et al. The impact of axillary ultrasound with biopsy in 
overtreatment of early breast cancer. Eur J Radiol 2018;98:158-64. 

102. Balasubramanian I, Fleming CA, Corrigan MA, Redmond HP, Kerin MJ, Lowery AJ. Meta-analysis of 
the diagnostic accuracy of ultrasound-guided fine-needle aspiration and core needle biopsy in diagnosing 
axillary lymph node metastasis. Br J Surg 2018;105:1244-53. 

103. Valente SA, Levine GM, Silverstein MJ, et al. Accuracy of predicting axillary lymph node positivity by 
physical examination, mammography, ultrasonography, and magnetic resonance imaging. Ann Surg 
Oncol 2012;19:1825-30. 

104. Helal MH, Mansour SM, Salaleldin LA, Alkalaawy BM, Salem DS, Mokhtar NM. The impact of 
contrast-enhanced spectral mammogram (CESM) and three-dimensional breast ultrasound (3DUS) on the 
characterization of the disease extend in cancer patients. Br J Radiol 2018;91:20170977. 

105. Appleton DC, Hackney L, Narayanan S. Ultrasonography alone for diagnosis of breast cancer in women 
under 40. Ann R Coll Surg Engl 2014;96:202-6. 

106. Mariscotti G, Houssami N, Durando M, et al. Accuracy of mammography, digital breast tomosynthesis, 
ultrasound and MR imaging in preoperative assessment of breast cancer. Anticancer Res 2014;34:1219-
25. 

107. Hungness ES, Safa M, Shaughnessy EA, et al. Bilateral synchronous breast cancer: mode of detection and 
comparison of histologic features between the 2 breasts. Surgery 2000;128:702-7. 

108. Broet P, de la Rochefordiere A, Scholl SM, et al. Contralateral breast cancer: annual incidence and risk 
parameters. J Clin Oncol 1995;13:1578-83. 

109. Koh J, Kim EK, Kim MJ, Yoon JH, Moon HJ. Additional Magnetic Resonance Imaging-Detected 
Suspicious Lesions in Known Patients With Breast Cancer: Comparison of Second-Look Digital 
Tomosynthesis and Ultrasonography. Ultrasound Q 2017;33:167-73. 

110. Spick C, Baltzer PA. Diagnostic utility of second-look US for breast lesions identified at MR imaging: 
systematic review and meta-analysis. Radiology 2014;273:401-9. 

111. Dillon MF, Hill AD, Fleming FJ, et al. Identifying patients at risk of compromised margins following 
breast conservation for lobular carcinoma. Am J Surg 2006;191:201-5. 

112. Mann RM, Veltman J, Barentsz JO, Wobbes T, Blickman JG, Boetes C. The value of MRI compared to 
mammography in the assessment of tumour extent in invasive lobular carcinoma of the breast. Eur J Surg 
Oncol 2008;34:135-42. 

113. Vijayaraghavan GR, Vedantham S, Santos-Nunez G, Hultman R. Unifocal Invasive Lobular Carcinoma: 
Tumor Size Concordance Between Preoperative Ultrasound Imaging and Postoperative Pathology. Clin 
Breast Cancer 2018;18:e1367-e72. 

114. Veltman J, Boetes C, van Die L, Bult P, Blickman JG, Barentsz JO. Mammographic detection and staging 
of invasive lobular carcinoma. Clin Imaging 2006;30:94-8. 

115. Coleman RE, Rubens RD. The clinical course of bone metastases from breast cancer. Br J Cancer 
1987;55:61-6. 

116. Perou CM, Sorlie T, Eisen MB, et al. Molecular portraits of human breast tumours. Nature 2000;406:747-
52. 

117. Kennecke H, Yerushalmi R, Woods R, et al. Metastatic behavior of breast cancer subtypes. J Clin Oncol 
2010;28:3271-7. 

118. Sorlie T, Perou CM, Tibshirani R, et al. Gene expression patterns of breast carcinomas distinguish tumor 
subclasses with clinical implications. Proc Natl Acad Sci U S A 2001;98:10869-74. 

119. Sihto H, Lundin J, Lundin M, et al. Breast cancer biological subtypes and protein expression predict for 
the preferential distant metastasis sites: a nationwide cohort study. Breast Cancer Res 2011;13:R87. 

120. Smid M, Wang Y, Zhang Y, et al. Subtypes of breast cancer show preferential site of relapse. Cancer Res 
2008;68:3108-14. 



ACR Appropriateness Criteria® 37 Imaging of Invasive Breast Cancer 

121. Metzger-Filho O, Sun Z, Viale G, et al. Patterns of Recurrence and outcome according to breast cancer 
subtypes in lymph node-negative disease: results from international breast cancer study group trials VIII 
and IX. J Clin Oncol 2013;31:3083-90. 

122. Liede A, Jerzak KJ, Hernandez RK, Wade SW, Sun P, Narod SA. The incidence of bone metastasis after 
early-stage breast cancer in Canada. Breast Cancer Res Treat 2016;156:587-95. 

123. Pulido C, Vendrell I, Ferreira AR, et al. Bone metastasis risk factors in breast cancer. 
Ecancermedicalscience 2017;11:715. 

124. Galasko CS. The significance of occult skeletal metastases, detected by skeletal scintigraphy, in patients 
with otherwise apparently 'early' mammary carcinoma. Br J Surg 1975;62:694-6. 

125. James J, Teo M, Ramachandran V, Law M, Ip E, Cheng M. Looking for Metastasis in Early Breast 
Cancer: Does Bone Scan Help? A Retrospective Review. Clin Breast Cancer 2021;21:e18-e21. 

126. NCCN Clinical Practice Guidelines in Oncology. Breast Cancer. Version 4.2022. Available at: 
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf. Accessed September 29, 2023. 

127. Gerber B, Seitz E, Muller H, et al. Perioperative screening for metastatic disease is not indicated in 
patients with primary breast cancer and no clinical signs of tumor spread. Breast Cancer Res Treat 
2003;82:29-37. 

128. ABIM/ASCO Choosing Wisely. Imaging and tumor marker tests for breast cancer. When you need 
them—and when you don’t. Available at: https://www.choosingwisely.org/wp-
content/uploads/2018/03/Imaging-And-Tumor-Marker-Tests-ASCO.pdf. Accessed September 29, 2023. 

129. Ayala de la Pena F, Andres R, Garcia-Saenz JA, et al. SEOM clinical guidelines in early stage breast 
cancer (2018). Clin Transl Oncol 2019;21:18-30. 

130. Cardoso F, Kyriakides S, Ohno S, et al. Early breast cancer: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol 2019;30:1674. 

131. Dull B, Linkugel A, Margenthaler JA, Cyr AE. Overuse of Chest CT in Patients With Stage I and II 
Breast Cancer: An Opportunity to Increase Guidelines Compliance at an NCCN Member Institution. J 
Natl Compr Canc Netw 2017;15:783-89. 

132. James J, Teo M, Ramachandran V, Law M, Stoney D, Cheng M. A critical review of the chest CT scans 
performed to detect asymptomatic synchronous metastasis in new and recurrent breast cancers. World J 
Surg Oncol 2019;17:40. 

133. Groheux D, Hindie E, Espie M, Ulaner GA. Letter to the Editor: PET/CT in Locally Advanced Breast 
Cancer: Time for a Guideline Change? J Natl Compr Canc Netw 2021;19:xxx. 

134. Ko H, Baghdadi Y, Love C, Sparano JA. Clinical Utility of 18F-FDG PET/CT in Staging Localized 
Breast Cancer Before Initiating Preoperative Systemic Therapy. J Natl Compr Canc Netw 2020;18:1240-
46. 

135. Srour MK, Amersi F. Response to Letter to the Editor: "18FDG-PET/CT Imaging in Breast Cancer 
Patients with Clinical Stage IIB or Higher". Ann Surg Oncol 2020;27:1710-11. 

136. Groheux D, Hindie E, Delord M, et al. Prognostic impact of (18)FDG-PET-CT findings in clinical stage 
III and IIB breast cancer. J Natl Cancer Inst 2012;104:1879-87. 

137. Ulaner GA. PET/CT for Patients With Breast Cancer: Where Is the Clinical Impact? AJR Am J 
Roentgenol 2019;213:254-65. 

138. Groheux D, Giacchetti S, Espie M, et al. The yield of 18F-FDG PET/CT in patients with clinical stage 
IIA, IIB, or IIIA breast cancer: a prospective study. J Nucl Med 2011;52:1526-34. 

139. Ulaner GA, Castillo R, Wills J, Gonen M, Goldman DA. (18)F-FDG-PET/CT for systemic staging of 
patients with newly diagnosed ER-positive and HER2-positive breast cancer. Eur J Nucl Med Mol 
Imaging 2017;44:1420-27. 

140. Neal CH, Daly CP, Nees AV, Helvie MA. Can preoperative axillary US help exclude N2 and N3 
metastatic breast cancer? Radiology 2010;257:335-41. 

141. Diepstraten SC, Sever AR, Buckens CF, et al. Value of preoperative ultrasound-guided axillary lymph 
node biopsy for preventing completion axillary lymph node dissection in breast cancer: a systematic 
review and meta-analysis. Ann Surg Oncol 2014;21:51-9. 

142. McDonald ES, Clark AS, Tchou J, Zhang P, Freedman GM. Clinical Diagnosis and Management of 
Breast Cancer. J Nucl Med 2016;57 Suppl 1:9S-16S. 

143. Hamaoka T, Madewell JE, Podoloff DA, Hortobagyi GN, Ueno NT. Bone imaging in metastatic breast 
cancer. J Clin Oncol 2004;22:2942-53. 

https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.choosingwisely.org/wp-content/uploads/2018/03/Imaging-And-Tumor-Marker-Tests-ASCO.pdf
https://www.choosingwisely.org/wp-content/uploads/2018/03/Imaging-And-Tumor-Marker-Tests-ASCO.pdf


ACR Appropriateness Criteria® 38 Imaging of Invasive Breast Cancer 

144. Bansal GJ, Vinayan Changaradil D. Planar Bone Scan Versus Computerized Tomography in Staging 
Locally Advanced Breast Cancer in Asymptomatic Patients: Does Bone Scan Change Patient 
Management Over Computerized Tomography? J Comput Assist Tomogr 2018;42:19-24. 

145. Chu QD, Henderson A, Kim RH, et al. Should a routine metastatic workup be performed for all patients 
with pathologic N2/N3 breast cancer? J Am Coll Surg 2012;214:456-61; discussion 61-2. 

146. Krammer J, Engel D, Schnitzer A, et al. Is the assessment of the central skeleton sufficient for osseous 
staging in breast cancer patients? A retrospective approach using bone scans. Skeletal Radiol 
2013;42:787-91. 

147. Piatek CI, Ji L, Kaur C, et al. Value of routine staging imaging studies for patients with stage III breast 
cancer. J Surg Oncol 2016;114:917-21. 

148. Bychkovsky BL, Guo H, Sutton J, et al. Use and Yield of Baseline Imaging and Laboratory Testing in 
Stage II Breast Cancer. Oncologist 2016;21:1495-501. 

149. Alberini JL, Lerebours F, Wartski M, et al. 18F-fluorodeoxyglucose positron emission 
tomography/computed tomography (FDG-PET/CT) imaging in the staging and prognosis of inflammatory 
breast cancer. Cancer 2009;115:5038-47. 

150. Carkaci S, Macapinlac HA, Cristofanilli M, et al. Retrospective study of 18F-FDG PET/CT in the 
diagnosis of inflammatory breast cancer: preliminary data. J Nucl Med 2009;50:231-8. 

151. Champion L, Lerebours F, Cherel P, et al. (1)(8)F-FDG PET/CT imaging versus dynamic contrast-
enhanced CT for staging and prognosis of inflammatory breast cancer. Eur J Nucl Med Mol Imaging 
2013;40:1206-13. 

152. Fuster D, Duch J, Paredes P, et al. Preoperative staging of large primary breast cancer with 
[18F]fluorodeoxyglucose positron emission tomography/computed tomography compared with 
conventional imaging procedures. J Clin Oncol 2008;26:4746-51. 

153. Groheux D, Moretti JL, Baillet G, et al. Effect of (18)F-FDG PET/CT imaging in patients with clinical 
Stage II and III breast cancer. Int J Radiat Oncol Biol Phys 2008;71:695-704. 

154. Heusner TA, Kuemmel S, Umutlu L, et al. Breast cancer staging in a single session: whole-body PET/CT 
mammography. J Nucl Med 2008;49:1215-22. 

155. Riedl CC, Slobod E, Jochelson M, et al. Retrospective analysis of 18F-FDG PET/CT for staging 
asymptomatic breast cancer patients younger than 40 years. J Nucl Med 2014;55:1578-83. 

156. Segaert I, Mottaghy F, Ceyssens S, et al. Additional value of PET-CT in staging of clinical stage IIB and 
III breast cancer. Breast J 2010;16:617-24. 

157. Ulaner GA, Castillo R, Goldman DA, et al. (18)F-FDG-PET/CT for systemic staging of newly diagnosed 
triple-negative breast cancer. Eur J Nucl Med Mol Imaging 2016;43:1937-44. 

158. Yang WT, Le-Petross HT, Macapinlac H, et al. Inflammatory breast cancer: PET/CT, MRI, 
mammography, and sonography findings. Breast Cancer Res Treat 2008;109:417-26. 

159. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin 2018;68:7-30. 
160. Morris PG, Lynch C, Feeney JN, et al. Integrated positron emission tomography/computed tomography 

may render bone scintigraphy unnecessary to investigate suspected metastatic breast cancer. J Clin Oncol 
2010;28:3154-9. 

161. Niikura N, Costelloe CM, Madewell JE, et al. FDG-PET/CT compared with conventional imaging in the 
detection of distant metastases of primary breast cancer. Oncologist 2011;16:1111-9. 

162. Amin MB, Edge S, Greene F, et al. AJCC Cancer Staging Manual. 8th ed. New York, NY: Springer; 
2017. 

163. Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE. Incidence proportions of brain 
metastases in patients diagnosed (1973 to 2001) in the Metropolitan Detroit Cancer Surveillance System. 
J Clin Oncol 2004;22:2865-72. 

164. Pelletier EM, Shim B, Goodman S, Amonkar MM. Epidemiology and economic burden of brain 
metastases among patients with primary breast cancer: results from a US claims data analysis. Breast 
Cancer Res Treat 2008;108:297-305. 

165. Martin AM, Cagney DN, Catalano PJ, et al. Brain Metastases in Newly Diagnosed Breast Cancer: A 
Population-Based Study. JAMA Oncol 2017;3:1069-77. 

166. Ramakrishna N, Temin S, Chandarlapaty S, et al. Recommendations on disease management for patients 
with advanced human epidermal growth factor receptor 2-positive breast cancer and brain metastases: 
American Society of Clinical Oncology clinical practice guideline. J Clin Oncol 2014;32:2100-8. 



ACR Appropriateness Criteria® 39 Imaging of Invasive Breast Cancer 

167. Kurtz JM, Amalric R, Brandone H, et al. Local recurrence after breast-conserving surgery and 
radiotherapy. Frequency, time course, and prognosis. Cancer 1989;63:1912-7. 

168. Recht A, Silen W, Schnitt SJ, et al. Time-course of local recurrence following conservative surgery and 
radiotherapy for early stage breast cancer. Int J Radiat Oncol Biol Phys 1988;15:255-61. 

169. Buchholz TA, Ali S, Hunt KK. Multidisciplinary Management of Locoregional Recurrent Breast Cancer. 
J Clin Oncol 2020;38:2321-28. 

170. Valachis A, Mamounas EP, Mittendorf EA, et al. Risk factors for locoregional disease recurrence after 
breast-conserving therapy in patients with breast cancer treated with neoadjuvant chemotherapy: An 
international collaboration and individual patient meta-analysis. Cancer 2018;124:2923-30. 

171. Lu WL, Jansen L, Post WJ, Bonnema J, Van de Velde JC, De Bock GH. Impact on survival of early 
detection of isolated breast recurrences after the primary treatment for breast cancer: a meta-analysis. 
Breast Cancer Res Treat 2009;114:403-12. 

172. NCCN Clinical Practice Guidelines in Oncology. Breast Cancer. NCCN Evidence Blocks. Version 
2.2022. Available at: https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf. Accessed 
September 29, 2023. 

173. ASCO Guidelines. Breast Cancer Follow-Up And Management After Primary Treatment: American 
Society Of Clinical Oncology Clinical Practice Guideline Update. Available at: 
https://www.asco.org/sites/new-www.asco.org/files/content-files/practice-and-
guidelines/documents/2013-breast-surveillance-summary-recommendations.pdf. Accessed September 29, 
2023. 

174. Arasu VA, Joe BN, Lvoff NM, et al. Benefit of semiannual ipsilateral mammographic surveillance 
following breast conservation therapy. Radiology 2012;264:371-7. 

175. Lewis JL, Tartter PI. The value of mammography within 1 year of conservative surgery for breast cancer. 
Ann Surg Oncol 2012;19:3218-22. 

176. Bychkovsky BL, Lin NU. Imaging in the evaluation and follow-up of early and advanced breast cancer: 
When, why, and how often? Breast 2017;31:318-24. 

177. Benveniste AP, Dryden MJ, Bedrosian I, Morrow PK, Bassett RL, Jr., Yang W. Surveillance of women 
with a personal history of breast cancer by tumour subtype. Clin Radiol 2017;72:266 e1-66 e6. 

178. Fung F, Cornacchi SD, Reedijk M, et al. Breast cancer recurrence following radioguided seed localization 
and standard wire localization of nonpalpable invasive and in situ breast cancers: 5-Year follow-up from a 
randomized controlled trial. Am J Surg 2017;213:798-804. 

179. Kraeima J, Siesling S, Vliegen IM, Klaase JM, MJ IJ. Individual risk profiling for breast cancer 
recurrence: towards tailored follow-up schemes. Br J Cancer 2013;109:866-71. 

180. Witteveen A, Otten JWM, Vliegen IMH, Siesling S, Timmer JB, MJ IJ. Risk-based breast cancer follow-
up stratified by age. Cancer Med 2018;7:5291-98. 

181. Chikarmane SA, Cochon LR, Khorasani R, Sahu S, Giess CS. Screening Mammography Performance 
Metrics of 2D Digital Mammography Versus Digital Breast Tomosynthesis in Women With a Personal 
History of Breast Cancer. AJR Am J Roentgenol 2021;217:587-94. 

182. Lee JM, Ichikawa LE, Wernli KJ, et al. Digital Mammography and Breast Tomosynthesis Performance in 
Women with a Personal History of Breast Cancer, 2007-2016. Radiology 2021;300:290-300. 

183. McDonald ES, Oustimov A, Weinstein SP, Synnestvedt MB, Schnall M, Conant EF. Effectiveness of 
Digital Breast Tomosynthesis Compared With Digital Mammography: Outcomes Analysis From 3 Years 
of Breast Cancer Screening. JAMA Oncol 2016;2:737-43. 

184. Lowry KP, Braunstein LZ, Economopoulos KP, et al. Predictors of surveillance mammography outcomes 
in women with a personal history of breast cancer. Breast Cancer Res Treat 2018;171:209-15. 

185. Sung JS, Lebron L, Keating D, et al. Performance of Dual-Energy Contrast-enhanced Digital 
Mammography for Screening Women at Increased Risk of Breast Cancer. Radiology 2019;293:81-88. 

186. Monticciolo DL, Newell MS, Moy L, Niell B, Monsees B, Sickles EA. Breast Cancer Screening in 
Women at Higher-Than-Average Risk: Recommendations From the ACR. J Am Coll Radiol 
2018;15:408-14. 

187. Destounis S, Arieno A, Morgan R. Personal History of Premenopausal Breast Cancer as a Risk Factor for 
Referral to Screening Breast MRI. Acad Radiol 2016;23:353-7. 

188. Wernli KJ, Ichikawa L, Kerlikowske K, et al. Surveillance Breast MRI and Mammography: Comparison 
in Women with a Personal History of Breast Cancer. Radiology 2019;292:311-18. 

https://www.nccn.org/professionals/physician_gls/pdf/breast_blocks.pdf
https://www.asco.org/sites/new-www.asco.org/files/content-files/practice-and-guidelines/documents/2013-breast-surveillance-summary-recommendations.pdf
https://www.asco.org/sites/new-www.asco.org/files/content-files/practice-and-guidelines/documents/2013-breast-surveillance-summary-recommendations.pdf


ACR Appropriateness Criteria® 40 Imaging of Invasive Breast Cancer 

189. Berg WA, Zhang Z, Lehrer D, et al. Detection of breast cancer with addition of annual screening 
ultrasound or a single screening MRI to mammography in women with elevated breast cancer risk. JAMA 
2012;307:1394-404. 

190. Giess CS, Poole PS, Chikarmane SA, Sippo DA, Birdwell RL. Screening Breast MRI in Patients 
Previously Treated for Breast Cancer: Diagnostic Yield for Cancer and Abnormal Interpretation Rate. 
Acad Radiol 2015;22:1331-7. 

191. Gweon HM, Cho N, Han W, et al. Breast MR imaging screening in women with a history of breast 
conservation therapy. Radiology 2014;272:366-73. 

192. Lehman CD, Lee JM, DeMartini WB, et al. Screening MRI in Women With a Personal History of Breast 
Cancer. J Natl Cancer Inst 2016;108. 

193. Weinstock C, Campassi C, Goloubeva O, et al. Breast magnetic resonance imaging (MRI) surveillance in 
breast cancer survivors. Springerplus 2015;4:459. 

194. Nadler M, Al-Attar H, Warner E, et al. MRI surveillance for women with dense breasts and a previous 
breast cancer and/or high risk lesion. Breast 2017;34:77-82. 

195. Buist DSM, Abraham L, Lee CI, et al. Breast Biopsy Intensity and Findings Following Breast Cancer 
Screening in Women With and Without a Personal History of Breast Cancer. JAMA Intern Med 
2018;178:458-68. 

196. Haas CB, Nekhlyudov L, Lee JM, et al. Surveillance for second breast cancer events in women with a 
personal history of breast cancer using breast MRI: a systematic review and meta-analysis. Breast Cancer 
Res Treat 2020;181:255-68. 

197. Suh YJ, Kim MJ, Kim EK, Moon HJ, Kim SI, Park BW. Value of ultrasound for postoperative 
surveillance of asian patients with history of breast cancer surgery: a single-center study. Ann Surg Oncol 
2013;20:3461-8. 

198. Scheel JR, Lee JM, Sprague BL, Lee CI, Lehman CD. Screening ultrasound as an adjunct to 
mammography in women with mammographically dense breasts. Am J Obstet Gynecol 2015;212:9-17. 

199. Giannotti DG, Hanna SA, Cerri GG, Barbosa Bevilacqua JL. Analysis of Skin Flap Thickness and 
Residual Breast Tissue After Mastectomy. Int J Radiat Oncol Biol Phys 2018;102:82-91. 

200. ESMO Interactive Guidelines. Available at: http://interactiveguidelines.esmo.org/esmo-web-
app/toc/index.php?subjectAreaId=8. Accessed September 29, 2023. 

201. Chapman MC, Hayward JH, Woodard GA, Joe BN, Lee AY. The Role of Breast MRI in Detecting 
Asymptomatic Recurrence After Therapeutic Mastectomy. AJR Am J Roentgenol 2020;215:254-61. 

202. Brandt KR, Craig DA, Hoskins TL, et al. Can digital breast tomosynthesis replace conventional 
diagnostic mammography views for screening recalls without calcifications? A comparison study in a 
simulated clinical setting. AJR Am J Roentgenol 2013;200:291-8. 

203. Sorin V, Yagil Y, Yosepovich A, et al. Contrast-Enhanced Spectral Mammography in Women With 
Intermediate Breast Cancer Risk and Dense Breasts. AJR Am J Roentgenol 2018;211:W267-W74. 

204. Olsen ML, Morton MJ, Stan DL, Pruthi S. Is there a role for magnetic resonance imaging in diagnosing 
palpable breast masses when mammogram and ultrasound are negative? J Womens Health (Larchmt) 
2012;21:1149-54. 

205. Amitai Y, Menes TS, Weinstein I, Filyavich A, Yakobson I, Golan O. What is the yield of breast MRI in 
the assessment of palpable breast findings? Clin Radiol 2017;72:930-35. 

206. Yalniz C, Campbell D, Le-Petross C, et al. The role of magnetic resonance imaging in patients with 
palpable breast abnormalities and negative mammographic and sonographic findings. Breast J 
2020;26:1289-95. 

207. Moy L, Heller SL, Bailey L, et al. ACR Appropriateness Criteria® Palpable Breast Masses. J Am Coll 
Radiol 2017;14:S203-S24. 

208. Holbrook AI, Moy L, Akin EA, et al. ACR Appropriateness Criteria® Breast Pain. J Am Coll Radiol 
2018;15:S276-S82. 

209. Lin NU, Thomssen C, Cardoso F, et al. International guidelines for management of metastatic breast 
cancer (MBC) from the European School of Oncology (ESO)-MBC Task Force: Surveillance, staging, 
and evaluation of patients with early-stage and metastatic breast cancer. Breast 2013;22:203-10. 

210. Senkus E, Kyriakides S, Ohno S, et al. Primary breast cancer: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol 2015;26 Suppl 5:v8-30. 

211. Whitehead MT, Cardenas AM, Corey AS, et al. ACR Appropriateness Criteria® Headache. J Am Coll 
Radiol 2019;16:S364-S77. 

http://interactiveguidelines.esmo.org/esmo-web-app/toc/index.php?subjectAreaId=8
http://interactiveguidelines.esmo.org/esmo-web-app/toc/index.php?subjectAreaId=8


ACR Appropriateness Criteria® 41 Imaging of Invasive Breast Cancer 

212. American College of Radiology. ACR Appropriateness Criteria® Radiation Dose Assessment 
Introduction. Available at: https://www.acr.org/-/media/ACR/Files/Appropriateness-
Criteria/RadiationDoseAssessmentIntro.pdf. Accessed September 29, 2023. 

 

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for determining appropriate imaging examinations for 
diagnosis and treatment of specified medical condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring physicians in 
making decisions regarding radiologic imaging and treatment. Generally, the complexity and severity of a patient’s clinical condition should dictate the 
selection of appropriate imaging procedures or treatments. Only those examinations generally used for evaluation of the patient’s condition are ranked. 
Other imaging studies necessary to evaluate other co-existent diseases or other medical consequences of this condition are not considered in this document. 
The availability of equipment or personnel may influence the selection of appropriate imaging procedures or treatments. Imaging techniques classified as 
investigational by the FDA have not been considered in developing these criteria; however, study of new equipment and applications should be encouraged. 
The ultimate decision regarding the appropriateness of any specific radiologic examination or treatment must be made by the referring physician and 
radiologist in light of all the circumstances presented in an individual examination. 
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