FDG PET in breast cancer
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FDG PET and PET/CT

TABLE 12.1.  ISOTOPES FOR POSITRON EMISSION TOMOGRAPHY

Positron Effective
end point range FWHM? Mcans of
Isotope t) - (MeV) (mm) production

C-11 20.3 min 0.97 2.06 Cyclotron

N-13 10.0 min 1.19 3 Cyclotron

0-15 124.0 sec 1.7 4.5¢ Cvelotron

F-18 110.0 min 0.635 1.4 Cvclotron
Rb-82" 75.0 sec 3.15 13.8 Sr-82 generator
(Ga-68 68.3 min 1.88 54 (Ge-68 generator
Br-75 1.6 hr 1.7, 1.1, 0.65 Cyclotron
*FWHM = full width at half-maximum.

"The lower of the two radioactive isomers of Rb-82.
“Interpolated values.
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Positron-Emitting Radiochemicals

Physiologic alteration Tracer(s)

Increased glucose utilization FDG, ''C-glucose
Increased amino acid transport/ 1 C-methionine, ''C-ACHC,
protein synthesis 1 C-tyrosine
Increased DNA synthesis “C-thymidine,
8 E_Auorodeoxyuridine
Tumor hypoxia B E_Auoromisonidazole
Increased estrogen receptor expression ' F-B-estradiol
Increased blood flow 0-H,0, **Cu-PTSM
Increased antigen or receptor density '®F-labeled anti-tumor
monoclonal antibodies
Increased retention of 5-18F-fluorouracil,
chemotherapeutic agents 11C-daunorubicin




FDG PET and PET/CT
Table 1.3 Potential radiopharmaceuticals for clinical PET

Radiopharmaceutical Application

[""C]Flumazenil Localization of epileptic foci

["*F]Flucromisonidazaole Hypuxié tumour cells, ischaemically
compromised myocardium

[''C]lAcetate Cardiac oxidative metabolism

["C]Palmitate Cardiac fatty acid metabolism

[“N]Glutamate Tumour metabolism

["*FIFlucrodopa Dopamine synthesis

["'"CJAminoisobutyric acid (AIB) Tumour amino acid uptake

[""ClAminocyclopentanecarboxylic acid (ACPC) Tumour amino acid uptake

["®F]Uracil (FU) Evaluation of response to
chematherapy

["'CIThymidine Tumour cellular proliferation rate

[**GalEDTA Blood-brain barrier permeability

[**Cu]PTSM Blood flow

["'C]Tyrosine Tumour metabolism
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v ] -
- » Physiologic FDG uptake
all viable tissues
) » Pathologic FDG uptake
- benign or malignant tumor
LA : activated PMNs or macrophages
- » Standard uptake value (SUV)

Decay-corrected dose / cm3 tumor

SUV=
Injected dose / Patient Wt (gm)
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Anatomic correlation

spatial resolution = 0.5 cm
partial volume effect in <1 cm lesion

Attenuation correction
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Enter & lie on bed in the injection room,

iecelve traces injection,
Continue o lie and relax for $0=60 min,
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Empty bladder prior to the scan.
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Enter the PET scan room,
Toral scanning timae is approo: 30 min,
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iR : (07)346-8307
The report will be available or mailed

1o the patient after 7 days.
Any query about the test or report,
please contact the PET Scan Center,
Girect Line: (0713468307,
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lagnosis of primary breast tumors

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

» anatomic imaging
mammography, sonography, MRI

» functional imaging ?
FDG PET or PET/CT



iagnosis of primary breast turnors

» physiologic FDG uptake
tissue density
hormone status
lactating

» pathologic FDG uptake

benign or malignant tumor
inflammation or infection




lagnosis of primary breast

» SUV >2.5

» False negative

1. cancer <1 cm
2. low-grade less-aggressive cancer

carcinoma in situ, lobular carcinoma, tubular carcinoma

3. diffuse growth pattern

» False positive

1. acute or chronic infection
post operative healing process, granulation tissue
post radiation inflammation

fiboroadenoma, intraductal papilloma
phyllodes tumor

o Gl £ G N

turnors

fibrocystic change, atypical ductal hyperplasia, ductal ectasia



Diagnosis of prirary breast tumors

Invasive 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 prirary breast tumors

a. b.

Invasive 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 prirary breast tumors

a. b.

Figure 14. False-negative finding at PET/CT during staging of ovarian cancer in a 56-year-old woman.

(a) Mammeogram of the left breast, obtained before the administration of hormonal therapy, shows a cluster
of pleomorphic and 3 icrocalcifications (arrows). The pathologic diagnosis after a wire localization
biopsy was (b) Axial PET/CT image shows no corresponding area of increased FDG
uptake.
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s b.

Figure 15. False-negative finding at PET/C'T during restaging of ovarian cancer in a 63-year-old

woman. (a) Image obtained at US, which was performed for evaluation of a palpable lesion in the

left breast, shows an approximately 0.8-cm-diameter irregular mass (arrows) in the right breast.

The diagnosis of the right breast lesion, based on pathologic analysis after a US-guided biopsy, was
| tubular Earcinnmal (b) Axial PET/CT image shows no hypermetabolic lesion.




Diagnosis of prirary breast tumors

a b.

Figure 12. False-positive finding at PET/CT during preoperative staging of rectal cancer in a 47-year-
old woman. (a) Axial PET/CT image shows a hypermetabolic (maximum SUV, 5.7) lesion (arrow) in
the right breast, a finding that was believed to represent breast cancer. (b) Subsequent US image shows
an oval circumscribed mass (arrows) in the right subareolar area. A US-guided biopsy was performed,

and the mass was diagnosed on the basis of pathologic analysis as
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Figure 2. Abscess in a 58-year-old woman with a palpable breast lesion and a previously detected lung mass.
(a) Axial CT attenuation—corrected PET image shows a focus of intense FDG uptake (maximum SUV, 11.5)
{arrow) in the right anterior thorax. Exact localization of the area of increased uptake (confined to the breast or
extending to the chest wall) was difficult on the basis of PET images. (b) Axial C'T image shows an isoattenuat-
ing lesion (arrow) in the chest wall beneath the breast. (c) Axial PET/CT image shows areas of increased FDG
uptake indicative of hypermetabolic lesions in the chest wall (arrow) and lung (arrowhead). (d) US image

shows an ill-defined hvpoechoic lesion (arrows) in the chest wall. At pathologic analysis, the lesion was diag-
nosed as a nflammation surrounding the abscess led to the increased FDG uptake.
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Figure 13. False-positive finding at PET/CT during
restaging and follow-up after breast-conserving surgery
and radiation therapy for invasive ductal carcinoma in a
53-year-old woman. {a) Mammogram shows an area of
Pnstﬂperaﬂve and radiation-induced chan@ farrow)} In
the outer region of the left breast. (b) Axial PET/CT
image shows a focus of FDG uptake (maximum SUV,
3.1) (arrow) in the upper outer region of the left breast.
A US-guided biopsy was performed, and pathologic

|| analysis showed no evidence of a recurrence.
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Figure 18. Fibroadenoma in the left breast of a 43-year-old woman. (a) US image obtained for rou-

tine monitoring of a previously diagnosedfibroadenoma Fhows a well-circumscribed oval mass {(arrow).

(b) Axial PET/CT image shows no significant uptake (maximum SUV, 1.6) in the mass (arrow).
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Figure 19. False-positive finding at PET/CT in a 47-year-old woman. (a) Axial PET/CT image shows
a hypermetabolic (maximum SUV, 3.5) lesion (arrowhead) in the right breast, a finding suggestive of
breast cancer. (b) US image shows an irregular mass (arrows) in the upper inner area of the right breast.
The diagnosis, based on pathologic analysis of an excisional biopsy specimen, wasm
with florid ductal hyperplasia, columnar cell hyperplasia, and apocrine metaplasia.
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o Cancer types vs FDG uptake
A 129 B 127 ® nC c 127
A e
g | .
101 o 107 o * , 10 .
o = 3
3 3 3
$ 81 ';, -
n & ™
5 6 T 2 §
> T > >
2 4 2 2
21 - I
{] Ol T T T T ™
Gl G2 G3 0 20 40 &0 RO 10D
Histopathologicat Crading I};)f_[(l)i;)lo‘;‘tai ning (%}
F =0.
D E 127 127 e IDC
127
1 A JLC
g ] *
107 w 10 , o
2 3 E
W g o g B g
z 2. 2 ) »
T z 61 Z 6 . M
= 6 T ; _I_ = ‘ .
% 1 =4 2 47 aahk
4 7] 7 ®
L7 ..
1 27 pum 2
2 == =y
4 1
’ ’ ii i 0[-] i :1 {:- :Is |lt| 1.2
siti ative posiive negative _ 4
Fﬁ[:jr:ggfnmgfﬁf :?l,rmus Progesterone Receptor Status Immunoreactive Score for Glut-1




Diagnosis of prirary breast tumors

o Cancer types vs FDG uptake

Table 2. Showing significant factors predicting FN results

Factors Category n FN TP p-value
Tumor size Tumor size 73 12,14+ 13.26 20.94 = 11.80 0.003
Tumor grade High 07 22

Moderate 85 16 13 0.001

Low 13 02

In situ 08 04

1 — Number of patients,

Table 3. Showing muluvanate logistic regression analysis

Factors Category Regression coefficient (f3) Odds ratio (OR) 95% CI of OR p-value
Tumor size =10 mm*
<10 mm 2.09 8.09 (3.38, 31.52) 0.001
Tumor grade High"
Low 2.82 16.76 (2.87, 57.65) 0.002
Moderate 1.82 6.26 (1.74, 22.18) 0.005
Constant -0.092 0.874
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@

Maximum SUV
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Figure 4. Relationship between maximum SUV and tumor grade.
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o Dual-time-point
lesion detectability

TABLE 1
SUVmax Measurements and Changes over Time in Normal Breast, Invasive Cancer, Noninvasive Cancer, and T/B Ratios

A% in ratio 1 and
Histopathology SUVmax1

SUVmax2 A%SUVmax ratio 2 (T/B ratio)
Group A (n = 82) 39+ 3.7 43+ 40 8.3 115 22.0 = 26.8
Group B (n = 24) 2.0+ 06 21 +06 3.4 +13.0 15.7 + 1886
Group C (n = 120) 1.2 +03 11 +0.2 -10.0 = 10.8

Group A = invasive cancer; group B = noninvasive cancer; group C = contralateral breast; ratio 1 = T/B ratios of SUVmax at first time
point; ratio 2 = T/B ratios of SUVmax at second time point; A% = percent change.

Data are presented as mean + SD.
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o Dual-time-point
lesion detectability

TABLE 2
SUVmax Measurements and Changes over Time in
Invasive Cancers According to Subtypes

Group A(n = 82) SUVmax1 SUVmax2 A% SUVmax

Invasive ductal 4339 4.7 43 81 £ 10.6"

(n = 66)

Invasive lobular 218 3123 105 =x14.0°
(n=17)

Invasive mixed 2009 22+=11% 98146
(n=7)

Medullary (n = 1) 7.2 8.6 19.4

Mucinous (n = 1) 1.0 1.0 0

*Data are presented as mean = SD.
Group A = invasive cancers; A% = percent change.
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Diagnosis of primary breast turnors

o Dual-time-point
lesion detectability

TABLE 3

SUVmax Measurements and Changes over Time According to Tumor Size in Invasive Cancers with Increase in T/B Ratios

A% in ratio 1 and

Group A (n = 82) SUVmax1 SUVmax2 A% SUVmMax ratio 2 (T/B ratig)
Tumers =10 mm (i = 57) 4.8 = 4.1 53* 4.4 B.6 £ 122 231 = 285
Tumors 4=10 mm (n = 25) 1.9 = 0.8 20+ 07 6.5 + 9.9 18.8 = 235

Group A =
percent change.
Data are presented as mean + SD.

invasive cancer; ratio 1 = T/B ratios of SUVmax at first time point; ratio 2 = T/B ratios of SUVmax at second time point; A% =

Invasive cancer

>10 mm
Single-time 91%
Dual-time 90%

Invasive cancer Noninvasive
4-10 mm cancer
57% 25%
83% 77%

Dual Time Point 8F-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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TABLE 1
Single- and Dual-Time-Point Imaging SUVs in Patients with Malignant Lesions
Average SUV at time: % Change in Histopathologic Tumor
Sample 1 2 average SUV findings grade Size {cm)
. u 1 2 ¥ 14 16.7 IDC Low 0.2
o Dual-time-point e s 92 mo
3 0.7 0.7 0 IDC + ILC Moderate 3.5
. . 4 06 07 16.7 IDC Mot known 1.0
ma“g nant IeS|0n 5 11 09 —182 IDC Moderate 0.2
6 3.0 3.3 10.0 DG High 2.0
7 21 23 a5 IDC Moderate 2.4
8 21 22 4.8 IDC + ILC Low 4.0
g 1.4 1.6 14.3 IDC Moderate 0.5
10 149 23 211 DG High Mot known
11 1.8 19 5.6 ILC + IDC Moderate 1.5
12 0.8 09 12.5 IDC Low Mot known
13 74 9.1 23.0 IDC High Mot known
14 23 25 87 IDC Moderate 2.9
15 1.8 20 111 IDC Moderate 1.9
16 09 08 0 IDC Moderate 1.6
17 2.0 23 15.0 DG Low 3.5
18 27 35 296 IDG + ILC High 2.4
19 0.6 08 33.3 IDC Low 1.6
20 1.7 187 4.2 IDC High 2.6
21 07 0.8 143 DG Low 1.4
22 29 32 10.3 IDC Moderate 21
23 15.3 20.0 30.7 1DC High 28
24 57 59 35 DG High 19
25 0.7 07 0 DG + ILC Low 0.3
26 6.0 6.9 15.0. Medullary carcinoma High 1.8
27 52 58 11.5 DG Moderate 25
28 22 24 91 DG High 2.2
29 15 1.7 133 DG Moderate 1.2
30 04 0.4 0 DG Moderate 0.4
k| 25 2.6 4.0 IDC High 0.5
32 25 27 8.0 DG Low Not known
33 1.7 19 11.8 DG + ILC Low Mot known
34 1.4 1.7 214 IDC Moderate 0e
35 08 1.0 25 DG High Not known
a6 27 36 333 IDC Moderate 1.0
a7 6.2 T 24.2 IDC Moderate 4.0
38 3.0 32 6.7 IDC Moderate Not known
22 = Adenocarcinoma Not known Mot known
Mean 2.88 3.38 12.7
IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma.




Diagnosis of prirary breast tumors

o Dual-time-point
benign lesion

TABLE 2
Single- and Dual-Time-Point Imaging SUVs in Patients with Postbiopsy Inflammation

Average SUV at time:

Sample 1 2 % Change in average sSUV Histopathologic findings
1 1.7 14 —0.176 No tumor, Bx Bx +
2 1.1 0.8 —0.273 Benign, Bx Rx +
3 1.5 1.9 0.267 Mo tumor, Bx Bx +, Ch Inf
4 1.3 1.7 —0.154 Mo tumor, Bx Rx +
5] 1.0 0.7 —0.300 Mo tumor
5] 13 1.2 —0.077 Mo tumor, Bx Rx +
7 1.0 0.8 —0.200 Mo tumor, Bx B +
g 1.0 1.4 0.100 Bx RAx +, proliferative fibroblasts
a 1.6 16 0 Mo tumor, Bx Rx +
10 1.5 1.3 -0.133 Mo tumor, Bx Rx +
11 1.0 0.8 —0.200 Mo tumor, Bx Rx +
12 08 0.6 —0.2560 Mo tumor, Bx Rx +
13 14 1.3 —0.071 No tumor, Bx Rx +
14 1.5 1.4 —0.067 Benign, Bx Rx +
15 2.0 1.8 —0.050 Mo tumor, Bx Rx +
g L] 1.5 1.5 0 Mo tumor, Bx Bx +
i7 1.5 1.7 0.133 Bx Rx, foreign-body giant-cell reaction
18 0.5 0.3 —0.400 Mo tumor, Bx Bx +
— — R
Mean 1.29 .18 ~0.103 ]
sD 0.36 0.45 0.166

Bx Ax = biopsy reaction; Ch Inf = chronic inflammation.
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Diagnosis of primary breast tumors

Hayato Kaidaa et al:

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

total 114 cancer

94 by supine PET, additional 10 by prone PET

Results Sensitivity, specificity, positive predictive value,
NPV, and accuracy of whole-body PET images were 83,
50, 97, 17, and 80%, and of prone breast PET images they
were 95, 50, 96, 43, and 93%. Ten of 114 breast cancerous
lesions (8.8%) were detected on prone breast PET images
alone.

Improved breast cancer detection of prone breast FDG-PET in 118 patients
Nuclear Medicine Communications 2008, 29:885-893
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Table 2 The characteristic performance of 10 cases detected by Table 1 The characteristics of 118 patients with 122 lesions
prone breast image alone Lesions (n=122)
Clinical Pathological  Histopathological ey L
staging US (mm)  SUV max staging findings Stzrlge 0 ;2
1 TisNOMO 18.6 x10.0 1.3 T1NOMO Papilotubular ot H
carcinoma A 1
2 TINOMO 9.6x6.0 1.4 T1NOMO Papilotubular i :
carcinoma v 0
3 TisNOMO 9.6x3.3 1.2 T1NOMO Papilotubular Surgical methods
. Conservative surgery 36
cArcnoma, Modified radical mastectomy 72
4  T2NOMO 14.0x 8.0 2.4 T2NOMO Papilotubular Simple mastectomy 3
. Tumor resection 3
carcinoma
: Histopathological findi
5 TINOMO 115x6.7 1.1 TINOMO  Papilotubular st -
carcinoma Schi_rrnusl carcinoma . 1
6 T2NOMO 22.0x 9.0 1d T2N1IMO  Invasive lobular R e Sboo e
carcinoma Irvasive lobular carcinoma 5
7 TINOMO 81x8.7 25 T1INOMO Schirrous Fatimogioel Totge 4
carcinoma T 45
8 TINOMO 11.3x138 1.3 Ti1NOMO Invasive lobular ;g 5;
carcinoma T4 1
9 TINOMO 15.0x15.0 1.0 T1NOMO Papilotubular Berign tumor 8
. Histopathological findings
C"tlrcmoma Fibroadenoma 2
10  TONOMO Not de- 1.8 T2NOMO Papilotubular Intraductal papiloma 1
tected carcinoma Adenosis !
Others 4
SUV max, maximum standardized uptake value; Tis, carcinoma in silu; Others, others were diagnosed as benign by biopsy; Tis, carcinoma in situ;

however, the histopathological findings were not identified. These four cases
were followed up for 2 years, however, malignant findings were not detected.

US, ultrasound.
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This figure shows our' breast-positioning device.!lhe patients were in
the prone position with their arms at their sides. For positioning, a foam
cushion on the scanner table was adapted with a hole that allows the
breasts to be unconstrained.

Improved breast cancer detection of prone breast FDG-PET in 118 patients
Nuclear Medicine Communications 2008, 29:885-893
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False-negative breast cancer in the whole-body PET image but a true
positive in the prone breast PET image of a 56-year-old woman with
breast cancer stage |. (a) '"8F.FDG avid lesions were not detected on
the axial image of the whole-body PET image. (b) '°FFDG was
accumulated in the right mammary gland on the axial image of the prone
breast PET image (FDG- = he postoperative

microscopic findings show] papilotubular carcinomal{hematoxylin and

eosin = 200). '°F-FDG, fludrme-TeTUoroa E0rygiucose; max, maximum,

SUV, standardized uptake value.

Improved breast cancer detection of prone breast FDG-PET in 118 patients
Nuclear Medicine Communications 2008, 29:885-893
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False-negative breast cancer in the whole-body PET image but a true
positive in the prone breast PET image in a 49-year-old woman with
breast cancer stage 0. (a) ®F.FDG avid lesions were not seen on the
axial image of the whole-body PET image. (b) '°F-FDG was
accumulated in the left mammary gland on the axial image of the prone
breast PET image (FDG- 2 ET e he postoperative
microscopic findings sho {hematoxylin and
eosin x 200). 'BF-FDG, fluSmresrafesreseeeyiretse: max, maximum:
SUV, standardized uptake value.

Improved breast cancer detection of prone breast FDG-PET in 118 patients
Nuclear Medicine Communications 2008, 29:885-893
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» Dual-time-point + prone PET/CT vs Dynamic MRI

TABLE 2: MRI and Early and Late PET Results in 35 Malignant and Benign
Lesions with a Diameter > |10 mm

Performance MRI Early PET Late PET
Accuracy (%) 97 (91-100) 77 (63-92) 89 (78-100)
Sensitivity (%) 100 (87-100) 75 (56-88) 88 (70-96)
Specificity (%) 67 (13-98) 100 (31-100) 100 (31-100)

Note—Data in parentheses are 95% Cls. PET was performed with patientin prone position.

TABLE 3: MRI and Early and Late PET Results in 20 Malignant and Benign
Lesions with a Diameter < |0 mm

Performance MRI Early PET Late PET
Accuracy (%) 90 (76-100) 55 (32-78) 75 (55-95)
Sensitivity (%) 92 (62-100) 31 (10-61) 62 (32-85)
Specificity (%) 86 (42-100) 100 (56-100) 100 (56-100)

Note—Data in parentheses are 95% Cls. PET was performed with patientin prone position.
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o Malignancy vs Benign tumor
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e |nvasive ductal carcinoma

SUV14.3

C

Dual-Time-Point 18F-FDG PET/CT Versus Dynamic Breast MRI of Suspicious Breast Lesions
AJR 2008; 191:1323—-1330
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e |nvasive lobular carcinoma

C

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

s, -
Figure 1. PET mammography system and mammography gantry. Figure 2. PET mammaography detector interfacing with mammography
Film holder has been rotated to the right side to make room for gantry. Upper detector (arrowhead) can be moved vertically toward or away
lower detector (arrow). Upper detector (arrowhead) is positioned from lower detector {arrow). In addition, the entire detector assembly can
above compression paddle, which compresses the breast against be pivoted, allowing acquisition of oblique views. Finally, the entire gantry
the lower detector. (Reprinted, with permission, from reference can be moved up and down by using a motorized control to adjust to the
17.) height of each patient (Reprinted, with permission, from reference 17.)
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» FDG PEM

Table 1
Summary of the Results of Published FDG PEM Studies

Authors and MNo. of Average Lesion Sensitivity Specificity PPV NPV
Year of Study Patients Size (cm)* (%) (%) (%) (%)
Murthy et al 2000 18 NA 50 100 100 67
Levine et al 2003 14 2.0 (1.0-5.5) 86 91 86 01
Rosen et al 2005 23 2.1 (0.4-4.6) 86 33t 90 251
Tafra et al 2005 44 + 10 2.2% (0.1-10.0) 88 NA NA 45
Berg et al 2006 92 2.1% (0.3-10.0) 90 86 88 88
Rosen et al 2006 50 1.4 (0.84.0) 87 70 71 86

MNote.—INA = not available, NPV = negative predictive value, PPV = positive predictive value.

*Numbers in parentheses are ranges.

TOnly two of 23 were true negative, according to Breast Imaging Reporting and Data System criterion 5 only.
*Median size, invasive lesions only.
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» FDG PEM

Fgure 4. Images of a 38-year-old woman with T1cN1MO breast carcinoma in the right breast. (a) Spot-compression magnification conventional
mammogram demonstrates architectural distortion and segmentally distributed microcalcifications (arrows). (b) US scan demonstrates an irregular
1.4-cm mass (). (c) Transverse PET mammography image demonstrates segmental increased FDNG activity (arrows) that mirrors the mammographic
abnormality. Histologic examination demonstrated a 1.6-cm invasive adenocarcinoma with extensive ductal carcinoma in situ.




lagnosis of primary breast tumors

Single-time-point (SUV >2.5)
Supine

|

FN: <1 cm lesion, low-grade malignancy
FP: benign lesion

P BN

Dual-time-point Prone PEM
(ASUVmax>0) New PET tracers
Improved DDx Improved lesion detectability f?

Improved lesion detectability



Breast cancer staging (ajcc 7 edition)

Table 1

American Joint Committee on Cancer (AJCC)
THM Staging System For Breast Cancer

Primary Tumor (T)

Definitions for classifying the primary tumor (T} are the same for clinical
and for pathcologic classification. If the measurement is made by the
physical examination, the examiner will use the major headings (T1, T2, or
T3). if other measurements, such as mammographic or pathologic
measurements, are used, the subsets of T1 can be used. Tumors should
e measured to the nearest 0.1 cm increment.

™ Primary tumor cannot be assessed
TO Mo evidence of primary tumor

Tis Carcinoma in situ

Tis (DCIS) Ductal carcinoma in situ

Tis (LCIS) Lobular carcinoma in situ

Tis (Paget's) Paget's dizease of the nipple with no tumaor

Mote: Paget's disease associated with a tumor is classified according to the
size of the tumeor,

T Tumor 2 cm or l2ss in greatest dimension
Timic  Microinvasion 0.1 cm or less in greatest dimension
Ti1a Tumor more than 0.1 cm but not more than 0.5 cm in
greatest dimension
Hh Tumor more than 0.5 cm but not more than 1 cm in greatest
dimension
Tic Tumor moere than 1 ¢m but not more than 2 cm in greatest
dimension
T2 Tumor more than 2 em but not more than 5 cm in greatest
dimension
T3 Tumor more than 5 cm in greatest dimension
T4 Tumor of any size with direct extension to (a) chest wall or
(b} skin, only as described below
T4a Extension to chest wall, not including pectoralis muscle

T4b

Tdc
T4d

Edema (including peau d'orange ) or ulceration of the skin of
the breast, or satellite skin nodulesz confined to the same
breast

Both T4a and T4b
Inflammatory carcinoma

Regional Lymph Nodes (N)

Clinical
NX
NO
N1
N2
N2a
M2k
N3
N3a
M3b
N3c

Regional lymph nodes cannot be assessed (e.g., previously
removed)

Mo regional lymph node metastasis
Metastasis to movable ipsilateral axillary lymph node(s)

Metastases in ipsilateral axillary lymph nodes fized or
matted, or in clinically apparent* ipsilateral internal
mammary nodes in the absence of clinically evident axillary
lymph node metastasis

Metastases in ipsilateral axillary lymph nodes fized to one
another {matted) or to other structures

Metastasis only in clinically apparent* ipsilateral internal
mammary nodes and in the absence of clinically evident
axillary lymph node metastasis

Metastasis in ipsilateral infraclavicular lymph node(s) with
or without axillary lymph node invelvement, or in clinically
apparent” ipsilateral internal mammary lymph nodei{s) and
in the presence of clinically evident axillary lymph node
metastasis, or metastasis in ipsilateral supraclavicular
Ilymph node(s) with or without axillary or internal mammary
Ilymph node involvement

Metastasis in ipsilateral infraclavicular lymph node(s)

Metastasis in ipsilateral internal mammary lymph node(s)
and axillary lymph node{s)

Metastasis in ipsilateral supraclavicular lymph node(s)

*Clinically apparent is defined as detected by imaging studies (excluding
Ilymphoscintigraphy) or by clinical examination or grossly visible

pathologically.

Stagi - ST.0
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Table 1 (continued) pNic
Pathologic (pN)*

pNX Regional lymph nodes cannot be assessed (e.g.. previously
removed, or not removed for pathologic study)
pNO Mo regional lymph node metastasis histologically, no pMN2

additional examination for isolated tumor cefls [ITC)
Mote: Isolated tumor cells (ITC) are defined as single tumor cells or small

cell elusters not greater than 0.2 mm, usually detected only by pMZa
immonohistochemical (IHC) or molecular methods but which may be
verified on H&E stains. ITCs do not usually show evidence of malignant pH2b
activity e.g., proliferation or stromal reaction.
2 i S e . . pN3
pMO{i-) No regional lymph node metastasis histologically, negative
IHC

pMO{i+) No regional lymph node metastasis histologically, positive
IHC, no IHC cluster greater than 0.2 mm

pMO(mol-) Mo regional lymph node metastasis histologically, negative
molecular findings (RT-PCR)®

pMNO{mol+) No regional lymph node metastasis histologically, positive ph3a
molecular findings (RT-PCR)"

*Classification is based on axillary lymph node dissection with or without

sentinel lymph node dissection. Classification based solely on sentinel pH3D
lymph node dissection without subsequent axillary node dissection is

designated (sn) for “sentinel node,” e.q., pNO{i+} {sn).

*RT-PCR: reverse transcriptase/polymerase chain reaction.

pN1 Metastasis in 1 to 3 axillary lymph nodes, andior in infernal pM3c

mammary nodes with microgcopic disease detected by
sentinel lymph node dissection but not clinically apparent™

pM1mi Micrometastasis (greater than 0.2 mm, none greater than
2.0 mm)

pNia Metastasis in 1 to 3 axillary lymph nodes

pMN1ib Metastasis in internal mammary nodes with microscopic
disease detected by senfinel lymph node dissection but not
clinically apparent**

Metastasis in 1 to 3 axillary lymph nodes and in internal
mammary nodes with microscopic disease detected by
sentinel lymph node dissection but not clinically apparent ™
(If associated with greater than 3 positive axillary lymph
nodes, the internal mammary nodes are classified as pN3b
to reflect increased tumor burden)

Metastasis in 4 to 9 axillary lymph nodes, or in clinically
apparent* intermal mammary lymph nodes in the absence of
axillary lymph node metastasis

Metastasis in 4 to 9 axillary lymph nodes (at least one tumor
deposit greater than 2.0 mm)

Metastasis in clinically spparent® internal mammary lymph
nodes in the absence of axillary lymph node metastasis

Metastasis in 10-or more axillary lymph nodes, or in
infraclavicular lymph nodes, or in clinically apparent*
ipsilateral internal mammary lymph nodes in the presence
of 1 or more positive axillary lymph nodes; or in more than 3
axillary lymph nodes with clinically negative microscopic
metastasis in internal mammary lymph nodes; orin
ipsilateral supraclavicular lymph nodes

Metastasis in 10 or more axillary lymph nodes {at least one
tumor deposit greater than 2.0 mm), or metastasis to the
infraclavicular lymph nodes

Metastasis in clinically apparent* ipsilateral internal
mammary lymph nodes in the presence of 1 or more
positive axillary lymph nedes; orin maore than 3 axillary
lymph nodes and in internal mammary Iymph nodes with
microscopic disease detected by sentinel lymph node
dissection but not clinically apparent**

Metastasis in ipsilateral supraclavicular lymph nodes

* Clinically apparent is defined as detected by imaging studies (excluding
Iymphoscintigraphy) or by clinical examination.

** Not clinically apparent is defined as not detected by imaging studies
{excluding lymphoscintigraphy) or by clinical examination.

Staging continued on next page (ST-31
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Table 1 {continued)

Distant Metastasis (M)

MX Distant metastasis cannot be assessed
MO Mo distant metastasis

M1 Distant metastasis

STAGE GROUPING

Stage 0 Tis MO Mo Stage HIB T4 MO MO
Stage | T MO MO T4 N1 MO
Stage A TD M1 MO T4 N2 MO

T1* M1 MO
T2 MO MO
Stage IIB T2 M1 MO
T3 MO MD
Stage A TO M2 MO
T1* M2 MO
T2 M2 MO
T3 M1 M
T3 N2 M
*T1 includes TTmic

Stage IC Any T N3 MO
Stage IV Any T AnyN M1

Note: Stage designation may be
changed if post-surgical imaging
studies reveal the presence of distant
metastases, provided that the studies
are carried out within 4 months of
diagnosis in the absence of disease
progression and provided that the
patient has not received neoadjuvant
therapy.

HISTOPATHOLOGIC TYPE Medullary with lymphoid stroma
The histopathologic types are the Mucinous

following: Papillary {predominantly

In situ Carcinomas micropapillary pattern)

NOS (not otherwise specified) Tubular

Intraductal Lobular

Paget's disease and intraductal Paget's disease and infiltrating
Invasive Carcinomas Undifferentiated

NOS Squamous cell

Ductal Adenoid cystic

Infiammatony Secretory

Medullary, NOS Cribriform

HISTOPATHOLOGIC GRADE (G)

All invasive breast carcinomas with the exception of medullary carcinoma
should be graded. The Nottingham combined histologic grade (Elston-Ellis
modification of Scarff-Bloom-Richardson grading system) is recommended.'”
The grade for a tumor is determined by assessing morphologic features (tubule
formation, nuclear pleomorphism, and mitotic count), assigning a value of 1
(favorable) to 3 (unfavorable) for each feature, and adding together the scores
for all three categeories. A combined score of 3-5 points is grade 1; a combined
score of 6-7 points is grade 2; a combined score of B-9 points is grade 3.

"Elston CWY, Ellis 10. Pathological prognostic factors in breast cancer. |. The
value of histologic grade in breast cancer: expenence from a large study with
leng-term follow-up. Histopatholology 1991;19:403-410.

“Fitzgibbons PL, Page DL, Weaver D et al. Prognaostic factors in breast cancer.
College of American Pathologisis consensus statement 1999. Arch Pathol Lab
Med 2000;124:966-975.

HISTOLOGIC GRADE (NOTTINGHAM COMBINED HISTOLOGIC GRADE IS
RECOMMENDED)

GX Grade cannot be assessed

G1 Low combined histolegic grade {favorable)

G2 Intermediate combined histologic grade (moderately favorable)
G3 High combined histologic grade (unfaveorable)

Usged with the permission of the American Joint Committee on Cancer (AJCC],
Chicago, lliincis. The original and primary source for this information is the
AJCC Cancer Staging Manual, Sixth Edition (2002) published by Springer-
erlag New York. (For more informafion, visit www_cancerstaging.net.) Any
citation or gquotation of this material must be credited to the AJCC as its primary
source. The inclusion of this information herein does not authorize any reuse or
further distribution without the expressed, written permission of Springer-VYerag
New York, Inc., on behalf of the AJCC.
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Breast cancer N staging

» 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 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 cancer, which
helps accurately determine the extent of nodal metastasis (especially
extra-axillary LNs).
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- early studies vs prospective multicenter trial

Table 2
Results of Early Studies of FDG PET in Axillary Nodal Staging
versus Results of a Multicenter Trial

Authors and No. of Sensitivity Specificity
Year of Study Patients (%) (%)
Utech et al 1996 124 100 75
Avril et al 1996 51 79 96
Adler et al 1997 52 95 66
Smith et al 1998 50 90 97

Crippa et al 1998 68 85 01
IEahl etal 2004 308 61 SlJ_I
Note.—Results of the early studies suggested high sensitivity and high
specificity for nodal disease; these were not found in the 2004 multicenter
trial, which evaluated 360 women with newly diagnosed breast carcinoma
(axillae were assessed in only 308 patients). In the later trial, almost 50%

of the women had small T'1 breast cancers, whereas the earlier trials were
biased toward larger primary lesions.
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Table 1. Largest Prospective Series of Axillary Nodal
Staging with Positron Emission Tomography Using
1¥F-fluorodeoxyglucose in Breast Cancer

Number of
Series FPatients Sensitivity Specificity

Tsel3 10 57 (477) 100 (3/3)
Adler 199714 52 a5 (19/20) 66 (21/32)
Utech42 122 100 (44/44) 75 (60/80)
Avril®® overall 51 79 (19/24) 96 (26/27)
T1 tumors 18 33 (2/6) 100 (12/12)

: 23 a4 (17/18) 100 (5/5)
CrippaZ28 72 a5 (23/27) 91 (41/45)
Smithad 50 a0 (19/21) 97 (28/29)
Gracods 167 94 (68/72) 86 (B2/95)
Schirrmeister® 113 79 (27/34) 92 (73/79)
Wahl4& 308 B61 80

Numbers in parentheses are patient numbers used to derive
sensitivity and specificity values.
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o early-stage breast cancer
FDG PET vs sentinel LN biopsy

Table 3
Results of Studies of FDG PET in Staging Axillary Nodal Disease
Authors and No. of Sensitivity Specificity
Year of Study Patients (%) (%)
van der Hoeven et al 2002 80 25 o7
Keleman et al 2003 15 20 04
Barranger et al 2003 32 20 100
Wahl et al 2004 308 61 80
Zornoza et al 2004 200 84 08
Fehr et al 2004 30 20 93
Lovrics et al 2004 08 40 o7
Kumar et al 2006 80 44 )
Gil-Rendo et al 2006 275 84 68
Chung et al 2006 54 60 100
Note.—Recent studies demonstrate a consistently high specificity for axil-
lary nodal metastases but lower sensitivity compared with that of sentinel
lymph node biopsy. FDG PET is not sufficient for exclusion of axillary
- metastases, which requires histologic evaluation. _
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o early-stage breast cancer
FDG PET vs sentinel LN biopsy

Table 3
Results of Studies of FDG PET in Staging Axillary Nodal Disease
Authors and No. of Sensitivity Specificity
Year of Study Patients (%) (%)
van der Hoeven et al 2002 80 25 o7
Keleman et al 2003 15 20 04
Barranger et al 2003 32 20 100
Wahl et al 2004 308 61 80
Zornoza et al 2004 200 84 08
Fehr et al 2004 30 20 93
Lovrics et al 2004 08 40 o7
Kumar et al 2006 80 44 )
Gil-Rendo et al 2006 275 84 68
Chung et al 2006 54 60 oo |
Note.—Recent studies demonstrate a consistently high specificity for axil-
lary nodal metastases but lower sensitivity compared with that of sentinel
lymph node biopsy. FDG PET is not sufficient for exclusion of axillary
- metastases, which requires histologic evaluation. _
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Figure 2. A potential algorithm that may be cost effective in patients with
more advanced T-stage primary tumors or with questionably palpable nodes.
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Figure 6. Local metastasis at PET/CT performed for pretreatment staging of invasive ductal carcinoma in a
65-year-old woman. (a) Axial CT image shows an enlarged lymph node (arrow) in the left axillary area, a find-
ing that was not considered to represent metastasis. (b) Axial PET/CT image shows high FDG uptake (maxi-

mum SUV, 4.2) in the lymph node (arrow), a finding suggestive of metastasis. Metastasis was confirmed at
pathologic analysis.
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Table 4

Results of Studies of FDG PET of the IM Nodes

Authors and
Year of Study

No. of
Patients

Patients with Positive
IM Nodes (%)

Comments

Bernstein et al 2000
Danforth et al 2002
Bellon et al 2004
Zornoza et al 2004
Gil-Rendo et al 2006

15
46
28

20
25
25
8
8

Medial T2 tumors, 2 of 3 cases were biopsy proved
Stage II-IV disease

LABC

High-risk axillae

High-risk axillae
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Metastatic & recurrent disease

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

imaging modalities is detection of UNSuUspected metastasis

during a single whole body examination, especially in advanced stage
breast cancer.

» equivocal or suspicious findings on conventional imaging.

Guide treatment planning
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Table 5

Results of Studies of FDG PET and PET/CT in Svstemic Disease Staging and Restaging of Recurrent

Breast Cancer

Authors and No.of Sensitivity Specificity

Year of Study Patients (%) (%) Comments*

Moon et al 1998 57 93 79 False-negative lesions in bone

Schirrmeister et al 2001 117 93 75 .

Eubank et al 2001 73 825 90 IM or mediastinal nodes

Kanel et al 2004 60 29 524 Suspected recurrence

Vranjesevic et al 2002 61 . . 59% NPV, 85% PPV, FDG uptake was prognostic

Tran et al 2005 141 . . Worse prognosis for inner quadrant tumors with
extraaxillary findings

Fueger et al 2005 58 . . 90% accuracy for PET/CT

Tatsumi et al 2006 75 e Ce 86% accuracy for PET/CT, 77% accuracy for CT
alone

*NPV = negative predictive value, PPV = positive predictive value.
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Table 3. True positive (TPR) and false positive rate (FPR) of studies evaluating FDG PET for the diagnosis of recurrent and metastatic breast
cancer (January 1995-June 2004): patient-based data

Author Year n (patients) TPR (%) (sensitivity) FPR (%4) (1 — specificity)
Bender et al. [§] 1997 75 80.0 36
Moon et al. [40] 1998 57 93.1 21.4
Smith et al. [10] 1998 S0 90.5 3.4
Hathaway et al. [41] 1999 10 100.0 0.0
Rostom et al. [42] 1999 74 837 0.0
Hubner et al. [31] 2000 64 85.7 27.3
Lonneux et al. [28] 2000 39 939 50,0
Kim et al. [43] 2001 27 94.1 2000
Ohta etal. [11] 2001 5l 77.8 2.4
Dose et al. [12] 2002 50 86.2 9.5
Liu etal. [27] 2002 30 96.4 100.0
Suarez et al. [44) 2002 a8 02.3 250
Goerres et al. [30] 2003 32 100.0 27.8
Gallowitsch et al. [29] 2003 62 97.0 17.9
Kamel etal. [45] 2003 60 94.3 8.0
Van der Hoeven et al. [26] 2004 48 556 18.9
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Table 5. True positive (TPR) and false positive rate (FPR) of studies
evaluating FDG-PET for the diagnosis of recurrent and metastatic
breast cancer (January 1995-June 2004): Lesion-based data

Author Year n TPR (%) FPR(%)1 -
(lesions) (sensitivity)  specificity)

Bender et al. 1997 80 85.4 20.5

8]

Moon et al. 1998 91.7 3.6

[40]

Kim et al. [43] 2001 95.8
Gallowitsch 2003 56.5
et al. [29]

Kamel et al. 2003 96.6
[45]

Lin et al. [46] 2003

Yang et al. [47] 2002
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Sensitivity Specificity Accuracy

Bone scintigraphy ~ 78.2 (43/55) 824 (28/34)  79.8 (71/89)

FDG-PET 80.0 (44/55) 88.2 (30/34) 83.1 (74/89) SUV mean

12
The test showed no significant differences o

10

. .

8
Table 2. The visualisation rates of bone scintigraphy and FDG-PET
for the different CT types of bone metastases y

&
CT type Bone scintigraphy ~ FDG-PET p value *

Z
Blastic (18) 100.0 (18/18) 556 (10/18)  p<0.0781 b 4
Lytic (10) 70.0 (7/10) 100.0 (10/10) NS blastic  invisible  Iytic mix
Mixed (19) 84.2 (16/19) 94.7 (18/19) NS Bone mefastisls fype
Invisible (8) 25.0 (2/8) 87.5 (718) p<0.0313 Fig. 5. Box-whisker graph of SUV .., values of the different types

of bone metastases
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Metastatic & recurrent disease

Fig. 2. a Axial CT image of a lytic-type metastasis in a 75-year-old man with breast carcinoma. A lytic metastasis is visible in the right 10th
rib (arrow).b Posterior bone scintigram. The 10th rib contains a lytic metastasis in the form of a hot lesion (arrow), highly suggestive of a
metastasis. ¢ Axial FDG-PET image. Uptake was observed in the lytic metastasis to the 10th rib (arrow)
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Fig. 3. a Axial CT image of a
mixed-type metastasis in a 49-
year-old woman after surgery for
breast cancer. A mixed blastic-
lytic metastasis is seen in the
vertebral body of T7 (arrow).

b Posterior whole-body bone
scintigram. High uptake is seen
in the vertebral body of T7
(arrow). Multiple bone metas-
tases were suspected because of
the presence of uptake in the
right 5th and 8th ribs, suggestive
of metastases. ¢ Axial FDG-PET
image. FDG-PET showed high
uptake in T7 (arrow), corre-
sponding to the uptake on bone
scintigraphy
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Fig. 4. a Coronal CT image of an
invisible metastasis in a 55-year-
old woman after surgery for
breast cancer. The metastasis
should be present at the site
indicated by the arrow, but could
not be clearly seen. b Posterior
bone scintigrams. Uptake in the
ilium bone metastasis is unclear
(arrow). ¢ Coronal FDG-PET
image. Uptake was seen in the
ilium (arrow). This metastasis
had a SUV 0 0f 2.9, d Gado-
lintum-enhanced MR image with
coronal fat suppression. En-
hanced signal intensity is seen in
the ilium (arrow), suggesting a
bone metastasis. The lesion grew
larger during follow-up, sug-
gesting bone metastases
clinically

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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Table 5. PET/CT and CT findings in the regions with suspected malignancies
Proof No. PET/CT CT
Finding No. Positive Equivocal Negative
Breast Malignant 9 Positive 7 5 2 0
Negative 2 0 0 2
Benign 3 Positive 2 1 1 0
Equivocal 1 0 0 1
Chest wall Malignant 2 Positive 2 2 0 0
Subtotal: breast and chest wall Malignant 11 Positive 9 7 2 0
Negative 2 0 0 2
Benign 3 Positive 2 1 1 0
Equivocal 1 0 0 1
Axillary LN Malignant 10 Positive 9 7 2 0
Negative 1 0 0 1
Internal mammary LN Malignant 4 Positive 3 0 1 2
Negative | 0 0 |
Mediastinal or hilar LN Malignant 10 Positive 9 5 2 2
Negative | 1 0 0
Benign 1 Equivocal | 0 0 |
Clavicular LN Malignant 4 Positive 4 2 1 1
Benign | Negative 1 0 1 0
Subtotal: LN regions Malignant 28 Positive 25 14 6 5
Negative 3 1 0 2
Benign 2 Equivocal 1 0 0 1
Negative 1 0 1 0




Lung

Liver

Bone

Others?

Subtotal: other regions

Total

Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant

Benign
Malignant

Benign

Malignant

Benign

10

69

Positive
Negative
Equivocal
Negative
Positive
Negative
Equivocal
Positive
Positive
Positive
Negative
Positive
Positive
Negative
Positive
Equivocal
Negative
Positive
Negative
Positive
Equivocal
Negative
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Positive: definitely positive finding; negative: definitely negative finding
LN Lymph node
4Brain, thyroid (2 incl. 1 benign), adrenal gland, uterine (negative PET/CT), and abdominal LN
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Asymptomatic treated breast cancer, elevated tumor markers, FDG
PET/CT has 85% sensitivity for diagnosing recurrence, and affect
clinical management in 51% of patients.

TABLE 4
Comparison of Contrast-enhanced CT and PET/CT Performance in
37 Patients With Suspected Breast Cancer Recurrence

CT PET/CT

TPn 14 17
TN, n 8 13
FBn 9 4

FN, n 6 3

Sensitivity, % 70 85
Specificity, % 47 76
Accuracy, % 59 81
PPV % 56 81
NPV, % 57 81

TP indicates true positive; TN, true negative; FP, false positive; EN, false negative; PPV, positive predic-
tive value; NPV, negative predictive value.

The role of FDG-PET/CT in suspected recurrence of breast cancer
cancer 2006; 107(11):2545-2551
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In setting of locoregional recurrence, FDG PET affects treatment in up
to 44% of patients.
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Altered Supported Mo Change
Fig. 1.—Bar graph illustrates impact of FOG PET on therapeyt]  category of referral in 125 patients with

advanced breast cancer. Black bars represent patients wit . flark gray bars represent pa-
tients being evaluated for response to therapy, light gray bar=sT: Both equivocal findings on con-
ventional imaging, and white bars represent patients with knu'.'un metastases being evaluated for extent of
disease. Above each category, p values from chi-square analysis of impact of FDG PET on alteration of manage-
ment plan for each referral category are presented.

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
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In setting of locoregional recurrence, FDG PET affects treatment in up
to 44% of patients.

Alteratim of Therapeutic Plan Based on FDG PET Findings in 40 Patients, by Category of Referral
Responseto | Locoregional Equivacal Evaluate ant Increase in
Change in Plan Treatment Disease Findings® of Known Tumor Tmalr
n= 43) (1= 30) (n=25) Metastazes Markers (m=123)
=13 i =15
Intermodality
From surgery to systemic treatment 2 1 0 1] 1 14
From radiation to systemic treatment ] 2 1 1] 0 3
From treatment to no treatment 2 ] 0 ] 0 2
From no treatment to surgery 1] 0 1 1] 0 1
From systemic treatment to radiation and chemaotherapy ] ] 1 1] 0 1
From no treatment to chemotherapy 1 ] 0 1] 0 1
From systemic treatment to surgery and radiation 1 ] 0 1] 0 1
Intramodality
Systemic treatment g 2 2 1] 2 4
Radiation plan 0 2 0 1 0 3
Total changed 14 (33) 17 (44) a3 (20) 1(8) 3 (60 40(32)

Mote—Numbers In parentheses ane percentages. See Flgure 1 for g values from chi-sguare analysls of the four largest referral categories,
A0n conventional Imaging.

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




Figure 11. Extensive metastatic disezse at PET/CT in a 38-year-old woman with elevated blood serum levels
of tumor markers after a left totsl mastectomy for invasive ductal carcinoma. Axial fused PET/CT 1mages at
progresavely lower levels (leh and botiom) shew mulople areas of increased FING uptake. Maximum intensity
projection recenstruction of CT ateenuanon—comrected PET image data (right) shows multiple metastases in
the richt lower miternal jugular, nght supraclavicular, paratracheal, internal mammary, and rachecbhronchial
lvmph nodes; the left adrenzl gland; and the left pubic bone and nght acromion.
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Counseling regarding risk
reduction with tamoxifen for
premenopausal women,9or
with tamoxifen or raloxifene
for postmenopausal women
(category 1, see also NCCN * Mammogram every 12 mo,
Breast Cancer Risk Reduction unless posthilateral

—* Observation® —*| Guidelines) mastectom

or # If treated with tamoxifen,
In special circumstances, monitor per NCCN Breast
bilateral mastectomy (see also Cancer Risk Reduction
NCCN Breast Cancer Risk Guidelines

Reduction Guidelines)
reconstruction® may be
considered for risk reduction

# Interval history and physical
exam every 6-12 mo

Lobular carcinoma +History and physical

in situ (LCIS) . Diagnostic bilateral

Stage 0 mammogram

Tis, NO, M03 + Pathology reviewP

Lumpectomy®® without lymph node

Ductal carcinoma
in situ (DCIS)
Stage 0 '

Tis, NO, M0?

« History and physical exam

» Diagnostic bilateral mammogram

s Pathology review®

» Determination of tumor estrogen
receptor (ER) status

» Genetic counseling if patient is high
risk for hereditary breast cancer®

surgery® + whole breast radiation
therapy (category 1)8:nid:k

or

Total mastectomy with or without
| sentinel node biopsyf + reconstruction!

or

Lumpectomy®*® without lymph node
surgery® without radiation therapy
(category 2B)™ik
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Guidelines Index
NCCN" Practice Guidelines : Breast Cancer TOC
in Oncology - v.2.2010 | Invasive Breast Cancer Staging, Discussion, References

CLINICAL STAGE WORKUP

General workup including:

» History and physical exam

+ CBC, platel

= Liver function tests and alkaline phosphatase

» Diagnostic bilateral mammogram, ultrasound as necessary

« Pathology review?

5t I

T:QEM MO « Determination of tumor estrogen/progesterone receptor (ER/PR) status and

r HER2 status®

;1' i « Genetic counseling if patient is high risk for hereditary breast cancer®

age

T0, N1, MO Optional studies for breast imaging:

T1, N1, M0 s Breast MRIY See Locoregional
T2, NO, MO0 | —— — Treatment
or If clinical stage IIIA (T3, N1, M0) consider: (BINV-2)
Stage IIB » Bone scan (category 2B)

T2, N1, M0 » Abdominal £ pelvis CT or US or MRI

T3, NO, MO « Chest imaging
o‘:.:' N1, MO Additional studies as directed by symptoms:®

= Bone scan indicated if localized bone pain or elevated alkaline phosphatase
+ Abdominal £ pelvis CT or US or MRI if elevated alkaline phosphatase, abnormal
liver function tests, abdominal symptoms, abnormal physical examination of the

abdomen or pelvis
« Chest imaging (if pulmonary symptoms are present)

3The panel endorses the College of American Pathology Protocol for pathology reporting for all invasive and non-invasive carcinomas of the breast. bitpfwww cap org.
b =ss E

See Principles of HER? Testing (BINV-A).
SSee NCCN Genetics/Familial High-Risk Assessment: Breast and Ovarian Guidelines.

©The use of PET or PETICT scanning is not indicated in the staging of clinical stage |, Il, or operable Il breast cancer. I

Note: All recommendations ere category 28 unless otherwlse indicated.
Clinical Trials: NCCN belle ves that the best management of any cancer patient is in & clinlcal trial. Paricipation in clinical trials is especlally encoursged.
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Guidelnes |ndex

NCCN‘” Practice Guidelines i Breast Cancer TOC
in Oncology — v.2.2010 | Invasive Breast Cancer Staging. Discussion. Reference

Preoperative Chemotherapy Guideline

CLINICAL STAGE WORKUP

General workup including:
» History and physical
=« CBC, platelets
Stage lIA « Liver function tests and alkaline phosphatase
= Diagnostic bilateral mammogram, ultrasound as necessary
T2, NO, MO = Pathology review?
« Determination of tumor ER/PR status and HER2 status®
Stage 1IB « Genetic counseling if patient is high risk for hereditary breast cancer®
T2, N1, MO
e tional additional studies for breast imaging:
T3, NO, MO . grmst MRI® g
See Primary
Stage A — | Ifclinical stage WA (T3, N1, M0} consider: — | Treatment
T3, N1, MO « Bone scan (category 2B) (BINV-11)
» Abdominal £ pelvis CT or US or MRI
and « Chest imaging
Fulfills criteria for breast Additional studies as directed by symptoms:d
conserving surgery = Bone scan indicated if localized bone pain or elevated alkaline phosphatase
except for tumor size = Abdominal + pelvis CT or US or MRI if elevated alkaline phosphatase, abnormal
liver function tests, abdominal symptoms, abnormal physical examination of
the abdomen or pelvis
= Chest imaging (if pulmonary symptoms are present)

3The panel endorses the College of American Pathology Protocol for pathology reporting for all invasive and non-invasive carcinomas of the breast. hito/'www cap.org
BSee Principles of HER2 Testing (BINV-A).
i g .

The use of PET or PET/CT scanning is not indicated in the staging of clinical stage 1, Il, or operable Il breast cancer. I

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN belleves that the best mansgement of any cancer patient s in aclinical tial. Participation in clinicsl trials is es peclelly enc ouraged.
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LOCALLY ADVANCED INVASIVE BREAST CANCER (NON-INFLAMMATORY)

CLINICAL STAGE WORKUP
Stage lIA
» History and physical exam
T0, N2, MO « CBC, platelets
T1, N2, MO — | «Liver function tests and alkaline phosphatase
T2, N2, MO « Chest imaging
T3, N2, MO s Diagnostic bilateral mammogram, ultrasound as

e A ients with T3
N1, M0 disease, see BINV-1)

Stage lIB
T4, NO, MO
T4, N1, MO

Stage llIC

Any T, N3, MO

Stage V
Any T, any N, M1

b

T4, N2, MD —

necessary
« Pathology review

* Prechemotherapy determination of tumor ER/IPR
status and HER2 status®

« Genetic counseling if patient is high risk for hereditary
breast cancer®

Optional additional studies or as directed by symptoms
or other abnormal staging studies:32
+Breast MRI®

+ Bone scan (category 2B)
« Abdominal £ pelvic CT or US or MRI (category 2B
+PETICT .*.4:anfI category 2B) I O

See Initial Workup for Stage IV Disease (BINV-15)

©See Principles of Dedicated Breast MR1 Testing (BINV-B).

See Preoperative
. |Chemotherapy and

Locoregional Treatment
(BINV-14)

dizease. FDG PET/CT may also be helpful in identifying unsuspected regional nodal disease andior distant metastases in LABC when used in addition to standard

AFDG PETICT is most helpful in situations where standard staging studies are equivocal or suspicicus, especially in the setting of locally advanced or metastatic
staging studies. PETICT iz not recommended for newly diagnosed stage | or Il breast cancer.

Note: All recommendations are category 24 unless othenwlse indicated.
Clinical Trials: NCCN belle ves that the best management of any cancer patient is in 2 clinical trial. Participation in clinical tiels |s es peclally encouraged.
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SURVEILLANCE/FOLLOW-UP RECURRENT WORKUP

or
INITIAL WORKUP FOR STAGE IV DISEASE

¢ Interval history and physical exam every 4-6 mo :ggcslmpyk;r‘liﬂyalw A Local =
for 5 y, then every 12 mo s Liver function tests disense only
« Mammogram every 12 mo (and 6-12 mo post- « Chest imaging
radiation therapy if breast conserved [category 2B]) < Bone scan See Treatment

» X-rays of symptomatic bones and long

+« Women on tamoxifen: annual gynecologic and weight-bearing bones abnormal on of Recurrencel
assessment every 12 mo if uterus present bone scan Stage IV Disease
* Women on an aromatase inhibitor or who —* | s Consider abdominal CT or MR|SC {BINV-18)
experience ovarian failure secondary to treatment = Biopsy documentation of first
should have monitoring of bone health with a bone recumrence, if possible

» Consider determination of tumor ERIPR

mineral density determination at baseline and
and HER2 status if unknown, orbl-ginally

periodically there afterb®

negative or not over-expressed
s Assess and encourage adherence to adjuvant . G‘;un:tlc counseling if patient is high risk |  Systemic
endocrine therapy. for hereditary breast cancer® disease

bsee Principles of HER2 Testing (BINW-A).

eSee NCCN Genetics/Familial High-Risk Assessment: Breast and Ovarian Guidefines.

bbThe use of estrogen, progesterone, or selective estrogen receptor modulators to treat ostecporesis or osteopenia in women with breast cancer is discouraged. The
use of a bisphosphonate is generally the preferred intervention to improve bone mineral density, Current clinical trials support the use of bisphosphonate forup to 2
years. Longer duration of bisphosphonate therapy may provide additional benefit, but this has not yet been tested in clinical trials. Women treated with a
bisphosphonate should undergo a dental examination with preventive denfistry prior to the initiation of therapy, and should take supplemental caleium {1200-1500

j j _ WA
he use of PET or PET/CT scanning should generally be dizscouraged for the evaluation of metastatic disease except in those clinical situations where other staging

studies are eguivocal or suspicious. Even in these situations, biopsy of equivocal or suspicious sites is more likely to provide useful informafion.

Note: All recommendations are categorny 2A unless otherwlse indicated.
Clinical Trials: NCCN believes that the best management of any cancer patient is in & clinical tial. Participation in clinical trials |5 s peclally encouraged.
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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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NCCN' Biratvmarivet

Inflammatory Breast Cancer

(=]

CLINICAL PRESENTATION2 WORKUP TREATMENT
Complete planned
Total mastectomy + level chemotherapy regimen
1Nl axillary dissection + course if not completed
Hstor st v e Tl i e
: Liver n:fﬁ?:n tests supraclavicular nodes en:ucrine treattrnent i
» Pathology review us internal mamma estrogen receptor
« Determination of tumaor Response — !-.':Ides if involved, W, positive (sequential
ER/PR status and Preoperative consider internal chemotherapy followed
Clinical . Effefﬂ'f; nostic chemotherapy, ::;Tgﬁ;’;mﬁd‘f not gvm:nd:‘:r:ne lh-‘-:wl-
mammogram, ultrasound anthracycline * taxane® a0 + dels ol year
pathologic ebepiszl T!F' If tumor HERZ positive, L?e:gtur?m]r{stmiﬁz:d trastuzumab if tumor
::algr:sls — | s Breast MRI (optional) trastuzumab containing R posiive
Stage T4d, = Bone scan (category 2B) regimen but not Response - See
NO-N3, M0 . ti‘.l;scan chest/abd/pelvis ::r:;;r:;ti::th above pathway
L 1e?ln'taglng (if Consider additional
pulmor;ary symptoms are No systemic chemotherapy
. ae::t?c}munsellng if fesponse :an:lfaotli';reoperaﬂve
PeroRacy yvaatcamscas® A oo
treat t
« PETICT scan (category 2B)! e el

3|Inflammatory breast cancer is a clinical syndrome in women with invasive breast cancer that is characterized by erythema and edema (peau d'orange) of a third or
more of the skin of the breast and with a palpable border fo the erythema. The differential diagnosis includes cellulitis of the breast or mastifis. Pathelogically, tumor is

typically present in the dermal lymphatics of the involved skin, but dermal lymphatic involvement is neither required for, nor sufficient for by itself, a diagnosis of
inflammatory breast cancer.

Bpatients with HER2- positive tumors should be considered for chemotherapy incorporating frastuzumab (Ses BINY-J).

See Principles of Reconstruction Following Surgery (BINY-G).
dPatlents with stage IV ar renurrent |BC should be treated according to the guideline for recurrencelstage 1Y disease (BINV-15 to BINV-20).

FDG PETICT =3 mcusl heipful in srﬁuatlcns where standard staging studies are equivocal or suspicious, especially in the setting of locally advanced or metastatic diseass]

FDG PET:‘CT may also he helpful in uenhfmng unsuspected regional r:oda1 d|sease andlor distant metastases in LABC when used in addition to standard staging

Note: All recommendations are category 1A unless othenslse indicated.
Clinlcal Trials: NCCN believes that the bestmanagement of amy cancer patient (s in aclinical tial. Participation in clinical trials |s es pacially encouraged.
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Monitoring 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



Monitoring response to therapy
Neoadjuvent systemic therapy in LABC

Pre-Rx Chemotherapy Surgery
z : >
‘ a—12T wks  16-24 wks
Baseline Mid-Rx
Early-Rx Post-Rx

Figure 9, NST in women with LABC consists of
preoperative systemic chemotherapy aimed at achiev-
ing long-term survival, assessing the response to sys-
temic therapy, and improving surgical options. FDG
PET has been evaluated at different time points along
the course of neoadjuvant therapy (Rx), and its results
have been shown to be an accurate predictor of tumor
response.




Monitoring response to therapy
Neoadjuvent systemic therapy in LABC

» Early response of NST in LABC

Table 7
Results of Studies of Early Response Evaluation with FDG PET

Authors and No. of

Year of Study Patients  Therapy* Resultst

Wahl et al 1993 11 AC Response = 22% decrease in SUV, NR = no change

Schelling et al 2000 24 ECorET mCR = 54% decrease in SUV, no mCR = 19% decrease in SUV
Smith et al 2000 30 CVAP mCR = 77% decrease in SUV, no mCR = 1% increase in SUV

*AC = doxorubicin and cyclophosphamide; CVAP = cyclophosphamide, vincristine, doxorubicin, and pred-
nisolone; EC = epirubicin and cyclophosphamide; ET = epirubicin and paclitaxel.
TmCR = macroscopic complete response, NR = no response.

» Rousseau et al, >60% decrease in SUV

1%t cycle: 61% sensitive, 96% specific
2nd cycle: 89% sensitive, 95% specific
31 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
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Neoadjuvent systemic therapy in LABC

» Mid-therapy response of NST in LABC

Table 6
Results of Studies of Midtherapy Response Evaluation with FDG PET

Authors and No. of

Year of Study Patients Therapy* Resultst

Wahl et al 1993 11 AC Response = 48% decrease in SUV, NR = 19% decrease in SUV
Bassa et al 1996 15 FAC 51% decrease in SUV for all patients

Schelling et al 2000 24 ECorET mCR = 46% decrease in SUV, no mCR = 8% decrease in SUV
Smith et al 2000 30 CVAP mCR = 86% decrease in SUV, no mCR = 40% decrease in SUV
Mankoff et al 2003 35 FAC or AC mCR = 65% decrease in MRFDG, PR = 49% decrease in MR-

(weekly) FDG, NR = 40% decrease in MRFDG (DFS)

*AC = doxorubicin and cyclophosphamide; CVAP = cyclophosphamide, vincristine, doxorubicin, and pred-
nisolone; EC = epirubicin and cyclophosphamide; ET = epirubicin and paclitaxel; FAC = fluorouracil, doxoru-
bicin, and cyclophosphamide.

TmCR = macroscopic complete response, MRFDG = metabolic rate of FDG, NR = no response, PR = partial
response.

Decline in FDG uptake by 50% OT IMOTE is predictive of a good response to NST
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Neoadjuvent systemic therapy in LABC

» Post-therapy response of NST in LABC

Table 8
Results of Studies of Posttherapy Response Evaluation with FDG PET

Authors and No. of

Year of Study Patients Therapy* Results

Bassa et al 1996 11 FAC In the primary tumor, sensitivity = 75%; in the axilla, sensitiv-
ity = 42% and specificity = 100%

Burcombe et al 2002 0 FEC In the primary tumeor, sensitivity = 0% (0 of 9 patients); in the
axilla, sensitivity = 0% (0 of 3 patients)

Kim et al 2002 50 ATor XT  In the primary tumor, sensitivity = 86% and specificity = 83%

*A'T = doxorubicin and docetaxel; FAC = fluorouracil, doxorubicin, and cyclophosphamide; FEC = fluoroura-
cil, etoposide, and cisplatin; XT = capecitabine and docetaxel.

1. conformation of gross residual tumor
2. not allow exclusion of microscopic residual tumor




Monitoring response to therapy

Figure 10. Assessment of tumor response to NST. Coronal FDG PET images of a patient
with right LABC (arrows in a), obtained before (a) and2_monihs aficll(b) chemotherapy,
show an excellent response. The tumor response was subsequently confirmed at posttherapy
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Figure 11. Poor response to preoperative chemotherapy in a patient with left LABC.
(a) Coronal FDG PET i Irnagn: Ohl:amcd before ﬂ:lctapjr shows uptake in the breast primary
tumor (double arrosl.and.gs di . single arrow), which is a normal variant.
(b) Image obrainec thows little qualitative change in the

- 2re Was cmljr a small quantitative decline in up-
take. The diffuse uptake in the marrow spaces is due to the effect of granulocyte colony-
stimulating factor. The poor response to treatment was confirmed with multiple subsequent
imaging studies and surgical histopathologic analysis.
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al El‘

Figure 9. Initial and follow-up imaging of recurrent invasive ductal carcinoma in a 60-vear-old woman with a pal-
pable right breast mass after a left total mastectomy. (a) Initial US image shows an irregular hypoechoic mass (ar-
rows) in the right breast. The mass was diagnosed on the basis of US-guided biopsy as invasive ductal carcinoma.
Because of the patient’s generally poor clinical condition, chemotherapy was administered. (b) Pretreatment coronal
PET/CT jmage shows jpcreased FDG uptake (maximum SUV, 8.7) indicative of hypermetabolism in the lesion (ar-
row). (ccomnal PET/CT image shows decreased FDG uptake (maximum SUV, 5.6) indicative ofa
chemotherapy-induced reduction in metabolic activity in the tumor (arrow).




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

Gennari et al:

after 15t cycle of chemotherapy, >50% decrease in SUV
good response to treatment in metastatic disease

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

Dose Schwarz et al:

after 1st cycle of chemotherapy

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

Statford et al:

bone metastasis

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



