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OutlineOutline

� FDG PET and PET/CT

� Diagnosis of primary breast tumors

� Breast cancer staging and restaging

� Monitoring response to therapy
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FDG PET and PET/CTFDG PET and PET/CT
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FDG PET and PET/CTFDG PET and PET/CT

� cyclotron
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FDG PET and PET/CTFDG PET and PET/CT

22--[[1818F]F]--22--deoxydeoxy--DD--glucoseglucose
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FDG PET and PET/CTFDG PET and PET/CT

� Three compartment model
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FDG PET and PET/CTFDG PET and PET/CT

�� Physiologic FDG uptakePhysiologic FDG uptake
all viable tissues

�� Pathologic FDG uptakePathologic FDG uptake
benign or malignant tumor

activated PMNs or macrophages

� Standard uptake value (SUV)
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Positron Annihilation

511KeV

511KeV

β−

β+~1-3mm

FDG PET and PET/CTFDG PET and PET/CT



11

FDG PET and PET/CTFDG PET and PET/CT

Anatomic correlation

Attenuation correction
spatial resolution = 0.5 cm

partial volume effect in <1 cm lesion
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FDG PET and PET/CTFDG PET and PET/CT

PrecautionsPrecautions
NPO >4 hours, blood sugar <180 mg/dl

pregnancy (x)

breast feeding 6 hours later
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Early detection Early detection is the most effective strategy for reducing mortality from 
breast cancer

�� anatomic imaginganatomic imaging
mammography, sonography, MRI

�� functional imaging ?functional imaging ?
FDG PET or PET/CT  
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� physiologic FDG uptakephysiologic FDG uptake
tissue density

hormone status

lactating

�� pathologic FDG uptakepathologic FDG uptake
benign or malignant tumor

inflammation or infection
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� SUV SUV ≥≥2.52.5

�� False negativeFalse negative

1. cancer <1 cm

2. low-grade less-aggressive cancer  
carcinoma in situ, lobular carcinoma, tubular carcinoma 

3. diffuse growth pattern

�� False positiveFalse positive

1.  acute or chronic infection

2.  post operative healing process, granulation tissue

3.  post radiation inflammation

4.  fibrocystic change, atypical ductal hyperplasia, ductal ectasia

5.  fibroadenoma, intraductal papilloma 

6.  phyllodes tumor
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Invasive ductal carcinomaInvasive ductal carcinoma in a 42-year-old woman. (a) US image shows a lobular 
hypoechoic mass (arrows) in the right breast. The mass was diagnosed as carcinoma on the basis 
of pathologic analysis of a specimen from US-guided biopsy. PET/CT was performed for 
pretreatment staging (b) Axial PET/CT image shows markedly increased FDG uptake 
(maximum SUV, 8.9) indicative of hypermetabolism in the lesion (arrow).

Diagnosis of primary breast tumorsDiagnosis of primary breast tumors
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Invasive lobular carcinomaInvasive lobular carcinoma in a 50-year-old woman. (a) US image shows an irregular 
hypoechoic mass (arrows) in the left breast. After a US-guided biopsy, the mass was diagnosed as 
carcinoma. PET/CT was performed for pretreatment staging. (b) Axial PET/CT image shows slight 
FDG uptake (maximum SUV, 2.0) in the mass (arrow), a finding characteristic of invasive lobular 
carcinoma; an invasive ductal carcinoma would have shown more marked uptake.

Diagnosis of primary breast tumorsDiagnosis of primary breast tumors
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Cancer types Cancer types vsvs FDG uptakeFDG uptake

Glucose Metabolism of Breast Cancer Assessed by 18F FDG PET Histologic and Immunohistochemical Tissue Analysis
J Nucl Med 2001; 42:9–16

IDC vs. ILC p=0.003

nodular vs. diffuse p=0.007
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Cancer types Cancer types vsvs FDG uptakeFDG uptake

Glucose Metabolism of Breast Cancer Assessed by 18F FDG PET Histologic and Immunohistochemical Tissue Analysis
J Nucl Med 2001; 42:9–16

p=0.009
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Cancer types Cancer types vsvs FDG uptakeFDG uptake

Clinicopathologic factors associated with false negative FDG–PET in primary breast
Breast Cancer Research and Treatment (2006) 98: 267–274



29
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�� Cancer types Cancer types vsvs FDG uptakeFDG uptake

Clinicopathologic factors associated with false negative FDG–PET in primary breast
Breast Cancer Research and Treatment (2006) 98: 267–274
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� DualDual--timetime--pointpoint

lesion detectability

Dual Time Point 18F-FDG PET Imaging Detects Breast Cancer with High Sensitivity and Correlates Well with Histologic Subtypes
J Nucl Med 2006; 47:1440–1446
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� DualDual--timetime--pointpoint
lesion detectability

Dual Time Point 18F-FDG PET Imaging Detects Breast Cancer with High Sensitivity and Correlates Well with Histologic Subtypes
J Nucl Med 2006; 47:1440–1446
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� DualDual--timetime--pointpoint
lesion detectability

Invasive cancer

>10 mm

Invasive cancer

4-10 mm

Noninvasive

cancer

Single-time 91% 57% 25%

Dual-time 90% 83% 77%

Dual Time Point 18F-FDG PET Imaging Detects Breast Cancer with High Sensitivity and Correlates Well with Histologic Subtypes
J Nucl Med 2006; 47:1440–1446
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� DualDual--timetime--pointpoint

malignant lesionmalignant lesion

Potential of Dual-Time-Point Imaging to Improve Breast Cancer Diagnosis with 18F-FDG PET 

J Nucl Med 2005; 46:1819–1824
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� DualDual--timetime--pointpoint
benign lesionbenign lesion

Potential of Dual-Time-Point Imaging to Improve Breast Cancer Diagnosis with 18F-FDG PET 

J Nucl Med 2005; 46:1819–1824
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Case

� 12203199

� 71 y/o female had right breast mass, suspected malignancy
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(SUVmax: 2.0-1.7)
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

� Hayato Kaidaa et al:                                            

Improved breast cancer detection of proneprone breast FDG-PET in 118 patients

total 114 cancer

94 by supine PET, additional 10additional 10 by prone PET

Improved breast cancer detection of prone breast FDG-PET in 118 patients

Nuclear Medicine Communications 2008, 29:885–893
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Improved breast cancer detection of prone breast FDG-PET in 118 patients

Nuclear Medicine Communications 2008, 29:885–893
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

Improved breast cancer detection of prone breast FDG-PET in 118 patients

Nuclear Medicine Communications 2008, 29:885–893
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� DualDual--timetime--point + prone point + prone PET/CT PET/CT vsvs Dynamic MRIDynamic MRI

Dual-Time-Point 18F-FDG PET/CT Versus Dynamic Breast MRI of Suspicious Breast Lesions
AJR 2008; 191:1323–1330
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Malignancy Malignancy vsvs Benign tumorBenign tumor

SUVmax ≥2.5 or ∆SUVmax>0

Dual-Time-Point 18F-FDG PET/CT Versus Dynamic Breast MRI of Suspicious Breast Lesions
AJR 2008; 191:1323–1330
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Invasive ductal carcinomaInvasive ductal carcinoma

Dual-Time-Point 18F-FDG PET/CT Versus Dynamic Breast MRI of Suspicious Breast Lesions
AJR 2008; 191:1323–1330
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

�� Invasive lobular carcinomaInvasive lobular carcinoma

Dual-Time-Point 18F-FDG PET/CT Versus Dynamic Breast MRI of Suspicious Breast Lesions
AJR 2008; 191:1323–1330
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case

� 10499408

� 54 y/o female is for physical check-up

� intraductal carcinoma of left breast
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(SUVmax: x-1.8)
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� FDG PEM

Diagnosis of primary breast tumorsDiagnosis of primary breast tumors
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� FDG PEM

Diagnosis of primary breast tumorsDiagnosis of primary breast tumors
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� FDG PEM

Diagnosis of primary breast tumorsDiagnosis of primary breast tumors
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Diagnosis of primary breast tumorsDiagnosis of primary breast tumors

Single-time-point (SUV ≥2.5)

Supine 

FN: <1 cm lesion, low-grade malignancy

FP: benign lesion

Dual-time-point
(ΔSUVmax>0)

Prone PEM

New PET tracers

Improved lesion detectabilityImproved DDx

Improved lesion detectability ?



56

Breast cancer staging Breast cancer staging (AJCC 7(AJCC 7thth edition)edition)
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Breast cancer staging Breast cancer staging (AJCC 7(AJCC 7thth edition)edition)
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Breast cancer staging Breast cancer staging (AJCC 7(AJCC 7thth edition)edition)
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Breast cancer Breast cancer TT stagingstaging

1. tumor size  ?

2. local invasion 
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Breast cancer Breast cancer NN stagingstaging

�� Axillary nodal status Axillary nodal status is important for treatment planning and 
prognosis, even microscopic metastasis

� There is currently no clinical role for routine FDG PET axillary staging in 

early stage breast cancerearly stage breast cancer, because of low sensitivity for axillary nodal 

metastasis (can not replace sentinel LN sampling).

� Because of high specificity for axillary metastasis, there may be a clinical 

role for preoperative FDG PET in locally advanced breast cancerlocally advanced breast cancer, which 

helps accurately determine the extent of nodal metastasis (especially 

extra-axillary LNs).
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Breast cancer Breast cancer NN stagingstaging

� early studies vs prospective multicenter trialprospective multicenter trial
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Breast cancer Breast cancer NN stagingstaging
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Breast cancer Breast cancer NN stagingstaging

�� earlyearly--stagestage breast cancer

FDG PET vs sentinel LN biopsy
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Breast cancer Breast cancer NN stagingstaging

�� earlyearly--stagestage breast cancer

FDG PET vs sentinel LN biopsy
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Breast cancer Breast cancer NN stagingstaging
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Breast cancer Breast cancer NN stagingstaging

� IM nodes
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Breast cancer Breast cancer NN stagingstaging
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Breast cancer Breast cancer NN stagingstaging
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Metastatic & recurrent diseaseMetastatic & recurrent disease

� The most important advantage of FDG PET/CT compared with other 

imaging modalities is detection of unsuspected metastasisunsuspected metastasis
during a single whole body examination, especially in advanced stage 
breast cancer.

�� equivocal or suspicious findingsequivocal or suspicious findings on conventional imaging.

� Guide treatment planning 
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Metastatic & recurrent diseaseMetastatic & recurrent disease
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Metastatic & recurrent diseaseMetastatic & recurrent disease
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Metastatic & recurrent diseaseMetastatic & recurrent disease
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� Bony metastasis

most common site of distant metastasis (90%)

most common initial distant metastasis

osteoblastic, osteolytic, mixed, or early marrow metastasis

Metastatic & recurrent diseaseMetastatic & recurrent disease
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Metastatic & recurrent diseaseMetastatic & recurrent disease

Pitfalls of FDG-PET for the diagnosis of osteoblastic bone metastases in patients with breast cancer

Eur J Nucl Med Mol Imaging (2005) 32:1253–1258
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Eur J Nucl Med Mol Imaging (2005) 32:1253–1258
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Pitfalls of FDG-PET for the diagnosis of osteoblastic bone metastases in patients with breast cancer

Eur J Nucl Med Mol Imaging (2005) 32:1253–1258
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Pitfalls of FDG-PET for the diagnosis of osteoblastic bone metastases in patients with breast cancer

Eur J Nucl Med Mol Imaging (2005) 32:1253–1258
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� Asymptomatic treated breast cancer, elevated tumor markers, FDG 
PET/CT has 85%85% sensitivity for diagnosing recurrence, and affect 
clinical management in 51%51% of patients.

The role of FDG-PET/CT in suspected recurrence of breast cancer
cancer 2006; 107(11):2545-2551

Metastatic & recurrent diseaseMetastatic & recurrent disease
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� In setting of locoregional recurrence, FDG PET affects treatment in up 
to 44%44% of patients.

Impact of FDG PET on defining the extent of disease and on the treatment of patients with recurrent or metastatic breast cancer
AJR 2004; 183(2):479-486

Metastatic & recurrent diseaseMetastatic & recurrent disease
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� In setting of locoregional recurrence, FDG PET affects treatment in up 
to 44%44% of patients.

Impact of FDG PET on defining the extent of disease and on the treatment of patients with recurrent or metastatic breast cancer
AJR 2004; 183(2):479-486

Metastatic & recurrent diseaseMetastatic & recurrent disease
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)

� The use of PET or PET/CT scanning is not indicated in the staging of 
clinical stage I, II or operable III breast cancer

1. High false-negative rate in <1 cm tumor or low-grade tumor

2. Low sensitivity in detection of axillary nodal metastasis

3. Low pretest probability of distant metastasis, resulting in high false-positive scans
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)

� PET or PET/CT is an optional additional study in locally advanced 
breast cancer

1. most useful when standard imaging studies have equivocal or suspicious findings.

2. maybe a useful adjunct to standard imaging studies in detection of extra-axillary nodal metastasis or   

unsuspected distant metastasis

3. biopsy for conformation of stage IV disease whenever possible 
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)



95

Breast cancer staging Breast cancer staging (NCCN)(NCCN)

� PET or PET/CT for evaluation of recurrent breast cancer

1. standard imaging studies have equivocal or suspicious findings.

2. biopsy for conformation whenever possible 

3. guide treatment planning through determination of disease extent (limited evidence)

� PET or PET/CT is not recommended in post-therapy follow-up of 
asymptomatic patients.
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case

� 5602313

� IDC of right breast s/p OP in 2004

� Suspected liver metastasis by CT on 2008-04-03
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)
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Breast cancer staging Breast cancer staging (NCCN)(NCCN)

� PET or PET/CT is an optional additional study in inflammatory breast 
cancer

1. most useful when standard imaging studies have equivocal or suspicious findings.

2. maybe a useful adjunct to standard imaging studies in detection of extra-axillary nodal metastasis or   

unsuspected distant metastasis

3. biopsy for conformation of stage IV disease whenever possible 
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Breast cancer staging Breast cancer staging ((健保健保))
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Monitoring response to therapyMonitoring response to therapy

� Neoadjuvant systemic therapy in LABC

1.  OS similar to adjuvant systemic therapy

2. improve surgical options

1. extent of residual disease is prognostic for DFS and OS

2. complete pathologic response has improved long-term outcome
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Monitoring response to therapyMonitoring response to therapy
NeoadjuventNeoadjuvent systemic therapy in LABCsystemic therapy in LABC
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� Early response of NST in LABC

� Rousseau et al, >60% decrease in SUV
1st cycle:  61% sensitive, 96% specific

2nd cycle:  89% sensitive, 95% specific

3rd cycle:  less sensitive or specific

Monitoring early response to neoadjuvant chemotherapy in stage II and III breast cancer by 18F-FDG PET
J Clin Oncol 2006; 24(34):5366-5372

Monitoring response to therapyMonitoring response to therapy
NeoadjuventNeoadjuvent systemic therapy in LABCsystemic therapy in LABC
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� Mid-therapy response of NST in LABC

Decline in FDG uptake by 50% or more is predictive of a good response to NST

(DFS)

Monitoring response to therapyMonitoring response to therapy
NeoadjuventNeoadjuvent systemic therapy in LABCsystemic therapy in LABC
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� Post-therapy response of NST in LABC

Monitoring response to therapyMonitoring response to therapy
NeoadjuventNeoadjuvent systemic therapy in LABCsystemic therapy in LABC

1. conformation of gross residual tumor

2. not allow exclusion of microscopic residual tumor
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Monitoring response to therapyMonitoring response to therapy
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� Gennari et al:
after 1st cycle of chemotherapy, >50% decrease in SUV                    

good response to treatment in metastatic disease

� Dose Schwarz et al:
after 1st cycle of chemotherapy

� Stafford et al:
bone metastasis

Monitoring response to therapyMonitoring response to therapy
systemic therapy in metastatic or recurrent breast cancersystemic therapy in metastatic or recurrent breast cancer

Role of 18F-FDG PET in the early assessment of response to chemotherapy in metastatic breast patients
Clin Breast Cancer 2000; 1(2):156-161

Early prediction of response to chemotherapy in metastatic breast cancer using sequential F18-FDG PET
J Nucl Med 2005; 46(7):1144-1150

Use of serial FDG PET to measure the response of bone-dominant breast cancer to therapy
Acad Radiol 2002; 9(8):913-921


