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Clinical Application of “F-FDG PET in Breast Cancer

Department of Nuclear Medicine and Molecular Imaging, Ajou University School of Medicine, Suwon, Korea

BEEDG PET in combination with conventional imaging modalities could help avoid unnecessary biopsy for the
primary mass, and it also has a high diagnostic accuracy in patients with dense breasts. In the assessment of
BEFDG PET was useful to select patients who required sentine! lymph node biopsy and fo detect
extra-axillary lymph node metastasis and distant metastasis. To increase the sensitivity for osteoblastic bone
metastasis, bone scintigraphy should be added. In the detection of recurrence,
diagnostic accuracy than tumor marker or computed tomography, and therefore it can be used in routine breast
cancer follow-up. “FFDG PET has been reported that it correctly predicted the response of neoadjuvant
chemotherapy on as early as 8h day of treatment. Therefore, it is useful for the early detect of therapeutic
response in advanced breast cancer. (Nucl Med Mol Imaging 200842suppl 1):76-90)
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Joon-Kee Yoon. Clinical Application of ™F-FDG PET in Breast Cancer

Table 1. ""F-FDG PET in the Diagnosis and Differential Diagnosis of Breast Cancer
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Joor-Kee Yoon. Clinical Application of ™*F-FDG PET in Breast Cancer

Table 2. "*F-FDG PET in the Initial Staging and Prognosis Evaluation of Breast Cancer
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AR ZH  HdF gas o &k R PETY M4 oo = = o etz
g8 4z @ () EW 9 By & PET Zts 24 23 oz Anse mas (JEE
* 2 E2 63YM SUVIE 52%= A
[LNUN YL (V) oy per s1ai o 2422 = 81% FYEYs:
18 2+ A T vit zee e e )+ el s PETol 83}
LA, 5 SUVmax rﬁpeare - 8/21/42/63 = 78/68/60/52% g 2ol M
A 25-70 = * FDG influx (K): 0.19 -> 0.14 Watot £ et
* phosphrytationk3): 0.55 -> 0.29 (8Y)
“ g Zn 2eksde SUV Ao
5 ° ot PET, ZA/BH(H)  (0<0.05)
LWL LY (>3 At =
2 oow Amn 2 aermeeae 071N 2 (0 IR AR § G% 7IE) s 8ol
134 50(461'60) %‘%XIE =2 - O:”/%/Jg/oot/%z ]00/85/88/75/]00% 01'/*3‘ = 85/35%
< o, g4 SUV 2% X7 %
- Ol/&/E /8= 83/94/91/83/94%
T HUgEa
- IR EUXE F (1Y) M o
= = = 91/74%) QM et
IR Uk PET, 2 mHE) L o e nEs
7 ow mMEN 81 3amwA demoly 01 4 gene s HEEEO arzHel yas
WE=49 (3172) DUR meerma - % SeixE 2 DR ol &
= ’ e BHe 2/ R Ehg B=44/24% (©<0.07)
- 1A X8 F D ERKIL
HhE 2/ 788 ?=55/20%
HHEH olul Zagn zHEN @itel dAEy U en duH
5 Bk PET, 24/ &+ il
74 2w+ mws s Sadas/3cmow EX L EEEE() 6 - 0o %ols
& M Bxgdig OE*IEH STJV ;’AIO FHAMETIN BT GARMol S
HY 46(27-68) - e5 AUC = 0.838, oil/5= 852/82.6% (0>0.05)
Y RE2
Che Mol sel/eiuss PET/CT o me g YD *FDG 4 A7t
% 2 sun bone Fuy ad=2y) tkios*reolyxh‘c(aoT 5°/:) 1 chongeit}
: o= - s
lesions) A8=57.6(39-74) SUVmox mixed(54.5%). HA 2y
osteobiastic (52%)
* optimum cutoff values
- ASUVmMax, ASUVMax-BSA-G = 60%
- - ASUVave=40%
227y sy 2k PET & -
o2 ME 4 s BEAR( ope)  wAzEe) ANONEBAG =0k
= P =
Hy=4819 ASUV(R) - ASUVMaxBSA G = 87%
- ASUVaove = 87%,
ASUVave-BSA-G = 89%
T S Eel 94%0| M SUVELOl HiE S E <z
oz é/‘ <=
Il M7) aret PET/CT, ZA2H(+) . cutoff = 60% oA/5/E =
76 2++  MEH 64 S gAX R SUv ! cyc-lef; Uo1|/§/g = 61/96/68% 64/4§/55j/3
0124=49(33-75) 1236 cycle & ) s o 850 <Gatade>
2 cycle = = 89/95/85% ='31/56/45%
- 3 cycle = = 88/73/83%
* CR = 17(37%), PR = 16(35%)
Ho|M Subot Nol PET : CR Iby’PET = 72%
7w men 4 DELEEASEH D “EVR . nonCMR
= EXTERY = 24 1o vs. 10 MO (p<0.001
oA =44(26-60) = e (p<0.00n)
- Atgbolt Cf sk AHEEZ=53
TEE qaet Yk PET
*TBR > 5 ¢l tumor Bt reponse & &
- Fa R
78 2+ 96 ¢ Scm é’r I?ofx?é_NQ) SUVnéOiES%\(/:T)\ eqn  mean SUVZ low reponses] 7%,
03%_5"]?]0 % BeAE = high reponse2| 100%& Z'4
* FDG 3}
- baseline = 3.23 + 0.63 <Apoptosis index>
- post-CTx = 2.31 + 0.49 * baseline = 281 +
79 2+ 45 £ ™ g 23 cycle) T/TN ratio * correlation with Al index: 0.76%
r=0.850, p <0.0001 post-CTx = 17.31 +
*20% HAx9 of 5™ 6.85%
ol /E/¢/S/H = 91/83/94/77/92%
olut PET * ASUV(%) Histet otaty|2to|
SN = =Hpo A E HUY =5
80 2+ M 28 #WHO[Jl 3 A7ol futet %Xéﬁﬁf;) * F & SVU Zto] 3H, skeletal-related
: event 4 7|Zto| Fch
*akSEel SUV Ea
81 24 xljack@‘ 13 X._'iole" .?FHI-OF 0, SOEK: 67-‘-" §- a‘gcg 8% =74.5%

== SUv 6F% =1567%




Joon-Kee Yoon. Clinical Application of ®F-FDG PET in Breast Cancer

2b e ] Al AFXpZ of A . ; T
TE-;:; ;i—’; E‘E:r; [gPEF; m_s.gl':'l E;?Eljgﬂé PET ®cts 24 23t I|E HAEY RO s o
E * SUV wiEt
iﬁlﬁggﬁﬂ %Ai/-?slg 2 EIPET B2 vs FYET
8 2 A M ynoien il xil(ﬂ) BHEHM) = 28.4% vs. -10.1% (p = 0.002)
oizi= 58(36-82) Suv “AAY 1% HEE;
- ¥/8 = 91/94%
SLTYL/HolY Fuey (4t PET PEEGOADH 58 5 YUAE U8
83 2+ H®M 37 2ad Bxgunz(l) aaEE L EL L amage gaey  CR20.PRZ.NR:4
oA 81=52(33-72) mEa 24 E';l):g.%s;r e axpael ozl
=AM
s 2 2 2t PET =
== £4 slot HIAIMA| R & =i * ot/2 = 93/84% oS = 85/5%%
womoEsm e HF=4E29) aé'ﬁjfﬂ]) * 287 RHMZEEY A0l pOO0] IEY PHMES
s xtol; (o = 004)
oYY woY olut PET “UANE Z4; B3E > FUSE
A T S AN DGO water , ©008
oY 96276) « 88 U8R/ u8R(P<0.005)

o BIPET v ea .

0 WV @EsEs sew  wdzae Lo 090090
86 2+ XI_-l'g:_X;I (]05 XH‘Q("‘/—XI_‘IOI) BOEI, ]' 3, 6, il’ x * SK'\_/M_‘O-éO (0 96) ’

g H2=51(31-77 et 24, SV, '

4d) g=5131-77) o e Xy " SViem (©96)

Farlul putet ul PE , e otz 2t
8 2+ HEN 35 codzzsds FDG/O-16 water N MCR: PR felet 2
A =49(32-76) K123 i £ 3
- R " g22el SUV Ha -
. Yoy st 2t PEL 2280 3508, 631(54%) e
88 2+ Hmm 1] -3k AN E 331,68l BeNB & o Vo0 Rol 38 A 2% 3HolA
A2=1870 geigy sy, STEZ RS ENIt
89 o amm g WOl pus #x " EE”“;‘ZEED YA ABY (<001 A 2729
odz=d5 A ds 2 EREARS edml (p<00D)
* Cho integral valuegt SUVmaoxe| of 2tA
~an stoin o4t PET Shetx| 2, =065 (P= 0.12
w0 2 sww o TEEEENEGode  SLuh SIS 0w (- 003,
28 =45(32:64) SUVmox SoH 2% =099 (P= 0.001),
ZtAE(reduction rate); r=0.84, P= 0.02).
23 “FDG 439 FAXEUSE AN

9 4 EB 500y it
of: Bz, & So|E, MHYET, HYHUSE, JSHSE, Y AVYE

H oA sttt A8 ©E SUVE HaE #Hot
3 AN E W32 SUVEel X& F8d A 2 21% 7
asdkglon, 219, 424, 60¥E 22t 32%. 40%, 48%= A
222 Zhadte, kg 60U A 2 (19%)°] ¥l
T3 AolE B oM, Gennari = ¥H-29) SUVEl X
E F 8dA 745%, 657A N 1571%=Z 1ATE BRI,
T 0E d7EME PETS 13 U E Fol FA o)
e W3-s =7 Brksled f63S AASEc 9,
FDG A#=e) Hshke 944 F7HRTE(p0.05) 2384
B7rek 22 GBS BASH(p= 00006), 2&ht £F
Fged vig dF2rt 53 GF AV B £33, A4S
E4oIME FDG ¥t 99 & wshrt gld 2ol vls)

YA AE7 o) A3, FHATEE Fgton, thiF

HoM L&F FAANE F FDG Hete A& 3o tid
44 43 4G AF F SUVY Zae uhere) g
& F ol Az E ST F Yo, ol g

o o

1o of

86

Az e ¥he-g 3= 23tk 2T £
A FDG A== HEAHapoptosis) Fe BH3 Fdo] AN
o} HZ2dE PETOZ 57 Al 7S FA9 848
A, 4949 FDG F4&, J4she 522 A8
ek Wss d&3 HIET YU PETES Ay
(metabolic flare) 4L ZHH tamoxifen &l thsh ¥
< &3 U 288 o+ ok

7Edl

rhu

PETZ f¢te] gl g gd AAz ANgAE 7
di FAAEE7F S8 g4 %ok 2AYHE dAY
fith SHARE, 7= (FrEde, 259 §) 3 2
PPe B¢ 7€
e BET £ glo], B2
g 5 3 Aok £,

tlo of > Hy 4o



asdey 3 Rz Bt g o] $45t
", A% AARNE vzt Yot %33*&/‘801011*1% w27
& W ARsE Rl dHEE BY 5 9

PETS) Ajuo] vl A9
NS $5ae, B3], Q4 EE /JERPEOE Aol
JUHA RE AR oL Eo
AP, LA, AT AN Ao] SE 7
$ B ojz}, 47)63l 24 A3 ML PETL Ae] A9
o) E%0] BTHATSZLE A L B).

FDGS) Wshs 998 9823 Faol s 493 2
o7} 9lo), A g thak
o) W7ol g 945

oX,
olr
rlo
oy
00
Eﬁ
_>,i
T
(@]
,%
2
)

References

1. Samson DJ, Seidenfeld J, Schmitt B, Hasselblad V, Albertsen
PC, Bennett CL, et al. Systematic review and meta-analysis of
monotherapy compared with combined androgen blockade for
patients with advanced prostate carcinoma. Cancer 2002:95:
361-76.

2. Schirrmeister H, Kuhn T, Guhlmann A, Santjohanser C, Horster
T, Nussle K, et al. Fluorine-18 2-deoxy-2-fluoro-D-glucose PET
in the preoperative staging of breast cancer: comparison with the
standard staging procedures. Ewr J Nucl Med 2001:28:351-8.

3. Zomoza G, Garcia-Velloso MJ, Sola J, Regueira FM, Pina L and
Beorlegui C. 18F-FDG PET complemented with sentinel lymph
node biopsy in the detection of axillary involvement in breast
cancer. Eur J Surg Oncol 2004;30:15-9.

4. Mavi A, Urhan M, Yu JQ, Zhuang H, Houseni M, Cermik TF,
et al. Dual time point 18F-FDG PET imaging detects breast
cancer with high sensitivity and correlates well with histologic
subtypes. J Nucl Med 2006;47:1440-6,

5. Danforth DN, Jr., Aloj L, Carrasquillo JA, Bacharach SL, Chow
C, Zujewski J, et al. The role of 18F-FDG-PET in the local/
regional evaluation of women with breast cancer. Breast Cancer
Res Treat 2002;75:135-46.

6. Avril N, Dose J, Janicke F, Bense S, Ziegler S, Laubenbacher C,
et al. Metabolic characterization of breast tumors with positron
emission tomography using F-18 fluorodeoxyglucose. J Clin
Oncol 1996;14:1848-57.

7. Marshall C, Mustafa S, Wheatley DC, Eremin JE, El-Sheemy M,
Jibril JA, et al. A comparison of 18F-FDG gamma camera PET,
mammography and ultrasonography in demonstrating primary
disease in locally advanced breast cancer. Nucl Med Conwm
2004;25:721-5.

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

27| LM ®-FDG PETO] YA 012

. Barranger E, Grahek D, Antoine M, Montravers F, Talbot JN

and Uzan S. Evaluation of fluorodeoxyglucose positron emission
tomography in the detection of axillary lymph node metastases in
patients with early-stage breast cancer. Ann Surg Oncol 2003;10:
622-7.

. Vranjesevic D, Schiepers C, Silverman DH, Quon A, Villalpando

J, Dahlbom M, et al. Relationship between 18F-FDG uptake and
breast density in women with normal breast tissue. J Nucl Med
2003;44:1238-42.

Utech CI, Young CS and Winter PF. Prospective evaluation of
fluorine-18 fluorodeoxyclucose positron emission tomography in
breast cancer for staging of the axilla related to surgery and
immunocytochemistry. Ewr J Nucl Med 1996;23:1588-93.
Zytoon AA, Murakami K, El-Kholy MR, El-Shorbagy E and
Ebied O. Breast cancer with low FDG uptake: Characterization
by means of dual-time point FDG-PET/CT. Eur J Radiol 2008;
Kumar R, Chauhan A, Zhuang H, Chandra P, Schnall M and
Alavi A. Clinicopathologic factors associated with false negative
FDG-PET in primary breast cancer. Breast Cancer Res Treat
2006;98:267-74.

Kumar R, Loving VA, Chavhan A, Zhuang H, Mitchell S and
Alavi A. Potential of dual-time-point imaging to improve breast
cancer diagnosis with (18)F-FDG PET. J Nucl Med 2005;46:
1819-24.

Brix G, Henze M, Knopp MV, Lucht R, Doll J, Junkermann H,
et al. Comparison of pharmacokinetic MRI and [18F]
fluorodeoxyglucose PET in the diagnosis of breast cancer: initial
experience. Eur Radiol 2001;11:2058-70.

Stadnik TW, Everaert H, Makkat S, Sacre R, Lamote J and
Bourgain C. Breast imaging. Preoperative breast cancer staging:
comparison of USPIO-enhanced MR imaging and 18F-fluorodeo-
xyglucose (FDC) positron emission tomography (PET) imaging
for axillary lymph node staging--initial findings. Ewr Radiol
2006;16:2153-60.

Iagaru A, Masamed R, Keesara S and Conti PS. Breast MRI and
18F FDG PET/CT in the management of breast cancer. Ann Nucl
Med 2007;21:33-8.

Basu S, Chen W, Tchou J, Mavi A, Cermik T, Czerniecki B, et
al. Comparison of triple-negative and estrogen receptor-positive/
progesterone receptor-positive’HER2-negative breast carcinoma
using quantitative fluorine-18 fluorodeoxyglucose/positron emission
tomography imaging parameters: a potentially useful method for
disease characterization. Cancer 2008;112:995-1000.

Wahl RL, Siegel BA, Coleman RE and Gatsonis CG. Prospective
multicenter study of axillary nodal staging by positron emission
tomography in breast cancer: a report of the staging breast cancer
with PET Study Group. J Clin Oncol 2004;22:277-85.

Inoue T, Yutani K, Taguchi T, Tamaki Y, Shiba E and Noguchi
S. Preoperative evaluation of prognosis in breast cancer patients
by [(18)F]2-Deoxy-2-fluoro-D-glucose-positron emission tomo-
graphy. J Cancer Res Clin Oncol 2004;130:273-8.

Fehr MK, Hornung R, Varga Z, Burger D, Hess T, Haller U, et
al. Axillary staging using positron emission tomography in breast
cancer patients qualifying for sentinel lymph node biopsy. Breast
J 2004;10:89-93.

van der Hoeven JJ, Hoekstra OS, Comans EF, Pijpers R, Boom
RP, van Geldere D, et al. Determinants of diagnostic perfor-
mance of [F-18]fluorodeoxyglucose positron emission tomography
for axillary staging in breast cancer. Ann Surg 2002;236:619-24.
Ueda S, Tsuda H, Asakawa H, Omata J, Fukatsu K, Kondo N, et
al. Utility of 18F-fluoro-deoxyglucose emission tomography/

87



Joon-Kee Yoon. Clinical Application of ®C-FDG PET in Breast Cancer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

88

computed tomography fusion imaging (18F-FDG PET/CT) in
combination with ultrasonography. for axillary staging in primary
breast cancer. BMC Cancer 2008;8:165.

Gil-Rendo A, Zomoza G, Garcia-Velloso MJ, Regueira FM,
Beorlegui C and Cervera M. Fluorodeoxyglucose positron
emission tomography with sentinel lymph node biopsy for
evaluation of axillary involvement in breast cancer. Br J Surg
2006;93:707-12.

Guller U, Nitzsche EU, Schirp U, Viehl CT, Torhorst J, Moch
H, et al. Selective axillary surgery in breast cancer patients based
on positron emission tomography with 18F-fluoro-2-deoxy-D-
glucose: not yet! Breast Cancer Res Treat 2002;71:171-3.
Yang JH, Nam SJ, Lee TS, Lee HK, Jung SH and Kim BT.
Comparison of intraoperative frozen section analysis of sentinel
node with preoperative positron emission tomography in the
diagnosis of axillary lymph node status in breast cancer patients.
Jpn J Clin Oncol 2001;31:1-6.

Greco M, Crippa F, Agresti R, Seregni E, Gerali A, Giovanazzi
R, et al. Axillary Lymph Node Staging in Breast Cancer by
2-fluoro-2-deoxy-d-glucose-Positron . Emission ~ Tomography:
Clinical Evaluation and Alternative Management. Jowrnal of
National Cancer Institute 2001;93:630-5.

Crippa F, Agresti R, Seregni E, Greco M, Pascali C, Bogni A, et
al. Prospective evaluation of fluorine-18-FDG PET in presurgical
staging of the axilla in breast cancer. J Nucl Med 1998;39:4-8.
Smith IC, Ogston KN, Whitford P, Smith FW, Sharp P, Norton
M, et al. Staging of the axilla in breast cancer: accurate in vivo
assessment using positron emission tomography with 2-(fluorine-
18)-fluoro-2-deoxy-D-glucose. Ann Surg 1998;228:220-7.
Groheux D, Moretti JL, Baillet G, Espie M, Giacchetti S, Hindie
E, 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.

Veronesi U, De Cicco C, Galimberti VE, Fernandez JR,
Rotmensz N, Viale G, et al. A comparative study on the value of
FDG-PET and sentinel node biopsy to identify occult axillary
metastases. Ann Oncol 2007;18:473-8.

Chung A, Liou D, Karlan S, Waxman A, Fujimoto K, Hagiike
M, et al. Preoperative FDG-PET for axillary metastases in
patients with breast cancer. Arch Surg 2006;141:783-8; discussion
8-9.

Kumar R, Zhuang H, Schnall M, Conant E, Damia S, Weinstein
S, et al. FDG PET positive lymph nodes are highly predictive of
metastasis in breast cancer. Nucl Med Conmmumn 2006;27:231-6.
Santiago JF, Gonen M, Yeung H, Macapinlac H and Larson S. A
retrospective analysis of the impact of 18F-FDG PET scans on
clinical management of 133 breast cancer patients. Q J Nucl Med
Mol Inaging 2006;50:61-7.

Uematsu T, Kasami M and Yuen S. Comparison of FDG PET
and MRI for evaluating the tumor extent of breast cancer and the
impact of FDG PET on the systemic staging and prognosis of
patients who are candidates for breast-conserving therapy. Breast
Cancer 2008;

Dunnwald LK, Gralow JR, Ellis GK, Livingston RB, Linden
HM, Specht JM, et al. Tumor Metabolism and Blood Flow
Changes by Positron Emission Tomography: Relation to Survival
in Patients Treated With Neoadjuvant Chemotherapy for Locally
Advanced Breast Cancer. J Clin Oncol 2008;

Cermik TF, Mavi A, Basu S and Alavi A. Impact of FDG PET
on the preoperative staging of newly diagnosed breast cancer.
Ewr J Nucl Med Mol Imaging 2008;35:475-83.

37.

38.

39,

40.

41.

42.

43.

45.

46.

47.

48.

49.

50

Ueda S, Tsuda H, Asakawa H, Shigekawa T, Fukatsu K, Kondo
N, et al. Clinicopathological and: prognostic relevance of uptake
level using 18F-fluorodeoxyglucose positron emission tomography/
computed tomography fusion -imaging (18F-FDG PET/CT) in
primary breast cancer. Jpn J Clin Oncol 2008;38:250-8.
Shimoda W, Hayashi M, Murakami K, Oyama T and Sunagawa
M. The relationship between FDG uptake in PET scans and
biological behavior in breast cancer. Breast Cancer 2007;14:
260-8.

Klaeser B, Wiederkehr O, Koeberle D, Mueller A, Bubeck B and
Thuerlimann B. Therapeutic impact of 2-[fluorine-18]fluoro-2-
deoxy-D-glucose. positron emission tomography in the pre- and
postoperative staging -of patients with clinically intermediate or
high-risk breast cancer. Ann Oncol 2007;18:1329-34.

Shie P, Cardarelli R, Brandon D, Erdman W and Abdulrahim N.
Meta-analysis: comparison of F-18 Fluorodeoxyglucose-positron
emission tomography and bone scintigraphy in the detection of
bone metastases in patients with breast cancer. Clin Nucl Med
2008;33:97-101.

Tran A, Pio BS, Khatibi B, Czernin J, Phelps ME and Silverman
DH. 18F-FDG PET for staging breast cancer in patients with
inner-quadrant versus outer-quadrant tumors: comparison with
long-term clinical outcome. J Nucl Med 2005;46:1455-9.

Nakai T, Okuyama C, Kubota T, Yamada K, Ushijima Y,

. Taniike K, et al. Pitfalls of FDG-PET for the diagnosis of

osteoblastic bone metastases in patients with breast cancer. Eur J
Nucl Med Mol Imaging 2005;32:1253-8.

Uematsu T, Yuen S, Yukisawa S, Aramaki T, Morimoto N,
Endo M, et al. Comparison of FDG PET and SPECT for
detection of bone metastases in breast cancer. AR Am J
Roentgenol 2005;184:1266-73.

. Mahner S, Schirrmacher S, Brenner W, Jenicke L, Habermann

CR, Awrit N, et al. Comparison between positron emission
tomography using 2-[fluorine-18]}fluoro-2-deoxy-D-glucose, conven-
tional imaging and computed tomography for staging of breast
cancer. Ann Oncol 2008;19:1249-54.

Dose J, Bleckmann C, Bachmann S, Bohuslavizki KH, Berger J,
Jenicke L, et al. Comparison -of fluorodeoxyglucose positron
emission tomography and "conventional diagnostic procedures”
for the detection of distant metastases in breast cancer patients.
Nucl Med Commum 2002;23:857-64.

Danforth DN, Jr., Aloj L, Carrasquillo JA, Bacharach SL, Chow
C, Zujewski J, et al. The role of 18F-FDG-PET in the
local/regional evaluation of women with breast cancer. Breast
Cancer Res Treat 2002;75:135-46.

Ohta M, Tokuda Y, Suzuki Y, Kubota M, Makuuchi H, Tajima
T, et al. Whole body PET for the evaluation of bony metastases
in patients with breast cancer: comparison with 99Tcm-MDP
bone scintigraphy. Nucl Med Consmmn 2001;22:875-9.

Bellon JR, Livingston RB, Eubank WB, Gralow JR, Ellis GK,
Dunnwald LK, et al. Evaluation of the internal mammary lymph
nodes by FDG-PET in locally advanced breast cancer (LABC).
Am J Clin Oncol 2004;27:407-10.

Port ER, Yeung H, Gonen M, Liberman L, Caravelli J, Borgen
P, et al. 18F-2-fluoro-2-deoxy-D-glucose positron emission
tomography scanning affects surgical management in selected
patients with high-risk, operable breast carcinoma. Amn Swrg
Oncol 2006;13:677-84.

Vincenzi B, Calvieri A, Santini D, Altomare V and Tonini G.
Occasional - FDG PET recognition of in situ breast cancer. Ann
Oncol 2007;18:1584-5.



51,

52,

53.

54.

5.

56.

57.

58.

59.

60.

61.

62.

63.

65.

Yap CS, Seltzer MA, Schiepers C, Gambhir SS, Rao J, Phelps
ME, et al. Impact of whole-body 18F-FDG PET on staging and
managing patients with breast cancer: the referring physician's
perspective. J Nucl Med 2001:42:1334-7.

Isasi CR, Moadel RM and Blaufox MD. A meta-analysis of
FDG-PET for the evaluation of breast cancer recurrence and
metastases. Breast Cancer Res Treat 2005;90:105-12.

Eubank WB, Mankoff D, Bhattacharya M, Gralow J, Linden H,
Ellis G, et al. Impact of FDG PET on defining the extent of
disease and on the treatment of patients with recutrent or
metastatic breast cancer. AJR Am J Roentgenol 2004;183:479-86.
Kim TS, Moon WK, Lee DS, Chung JK, Lee MC, Youn YK, et
al.  Fluorodeoxyglucose positron emission tomography for
detection of recurrent or metastatic breast cancer. World J Surg
2001;25:829-34,

Du Y, Cullum I, Illidge TM and Ell PJ. Fusion of metabolic
function and morphology: sequential [18F]fluorodeoxyglucose
positron-emission tomography/computed tomography studies yield
new insights into the natural history of bone metastases in breast
cancer. J Clin Oncol 2007;25:3440-7.

Eubank WB, Mankoff DA, Takasugi J, Vesselle H, Eary JF,
Shanley TJ, et al. 18fluorodeoxyglucose positron emission
tomography to detect mediastinal or internal mammary metastases
in breast cancer. J (lin Oncol 2001;19:3516-23.

Goerres GW, Michel SC, Fehr MK, Kaim AH, Steinert HC,
Seifert B, et al. Follow-up of women with breast cancer:
comparison between MRI and FDG PET. Ewr Radiol 2003;13:
1635-44.

Kamel EM, Wyss MT, Fehr MK, von Schulthess GK and
Goerres GW.  [18F]-Fluorodeoxyglucose  positron  emission
tomography in patients with suspected recurrence of breast
cancer. J Cancer Res Clin Oncol 2003;129:147-53.

Liu CS, Shen YY, Lin CC, Yen RF and Kao CH. Clinical
impact of [(18)FIFDG-PET in patients with suspected recurrent
breast cancer based on asymptomatically elevated tumor marker
serum levels: a preliminary report. Jpr J Clin Oncol 2002;32:
244-7.

Suarez M, Perez-Castejon MJ, Jimenez A, Domper M, Ruiz G,
Montz R, et al. Early diagnosis of recurrent breast cancer with
FDG-PET in patients with progressive elevation of serum tumor
markers. Q J Nucl Med 2002;46:113-21.

Siggelkow W, Zimny M, Faridi A, Petzold K, Buell U and Rath
W. The value of positron emission tomography in the follow-up
for breast cancer. Anticancer Res 2003;23:1859-67.

Fueger BJ, Weber WA, Quon A, Crawford TL, Allen-Auerbach
MS, Halpern BS, et al. Performance of 2-deoxy-2-[F-18]fluoro-
D-glucose positron emission tomography and integrated PET/CT
in restaged breast cancer patients. Mol Imaging Biol 2005;7:369-
76.

Wolfort RM, Li BD, Johnson LW, Turnage RH, Lilien D, Ampil
F, et al. The role of whole-body fluorine-18-FDG positron
emission tomography in the detection of recurrence in sympto-
matic patients with stages IT and II breast cancer. World J Surg
2006;30:1422-7.

. Veit-Haibach P, Antoch G, Beyer T, Stergar H, Schieucher R,

Hauth EA, et al. FDG-PET/CT in restaging of patients with
recurrent breast cancer: possible impact on staging and therapy.
Br J Radiol 2007,80:508-15.

Schmidt GP, Baur-Melnyk A, Haug A, Heinemann V, Bauerfeind
I, Reiser MF, et al. Comprehensive imaging of tumor recurrence
in breast cancer patients using whole-body MRI at 1.5 and 3 T

66.

67.

68.

69.

70

7

72

73.

74.

75.

76.

77.

78.

79.

80.

S77| LM *FFDG PETSl YA 018

compared to FDG-PET-CT. Ewr J Radiol 2008;65:47-58.
Hathaway PB, Mankoff DA, Maravilla KR, Austin-Seymour MM,
Ellis GK, Gralow JR, et al. Value of combined FDG PET and
MR imaging in the evalvation of suspected recurrent local-
regional breast cancer: preliminary experience. Radiology 1999,
210:807-14.

Landheer ML, Steffens MG, Klinkenbijl JH, Westenberg AH and
Oyen WI. Value of fluorodeoxyglucose positron emission tomo-
graphy in women with breast cancer. Br J Surg 2005;92:1363-7.
Weir L, Worsley D and Bernstein V. The value of FDG positron
emission tomography in the management of patients with breast
cancer. Breast J 2005;11:204-9.

Aide N, Huchet V, Switsers O, Heutte N, Delozier T, Hardouin
A, et al. Influence of CA 15-3 blood level and doubling time on
diagnostic performances of 18F-FDG PET in breast cancer
patients with occult recurrence. Nucl Med Commun 2007;28:267-
72.

Lonneux M, Borbath II, Berliere M, Kirkove C and Pauwels S.
The Place of Whole-Body PET FDG for the Diagnosis of Distant
Recurrence of Breast Cancer. Clin Positron Imaging 2000;3:45-9,
Siggelkow W, Rath W, Buell U and Zimny M. FDG PET and
tumour markers in the diagnosis of recurrent and metastatic
breast cancer. Ewr J Nucl Med Mol Imaging 2004;31 Suppl
1:S118-24.

Schelling M, Avril N, Nahrig J, Kuhn W, Romer W, Sattler D,
et al. Positron emission tomography using [(18)F]Fluorodeoxy-
glucose for monitoring primary chemotherapy in breast cancer. J
Clin Oncol 2000;18:1689-95.

Smith IC, Welch AE, Hutcheon AW, Miller ID, Payne S,
Chilcott F, et al. Positron emission tomography using [(18)F]-
fluorodeoxy-D-glucose to predict the pathologic response of
breast cancer to primary chemotherapy. J Clin Oncol 2000;18:
1676-88.

Kim 8J, Kim SK, Lee ES, Ro J and Kang S. Predictive value of
[18F]FDG PET for pathological response of breast cancer to
neo-adjuvant chemotherapy. Ann Oncol 2004;15:1352-7.
Berriolo-Riedinger A, Touzery C, Riedinger JM, Toubeau M,
Coudert B, Amould L, et al. [18F]FDG-PET predicts complete
pathological response of breast cancer to neoadjuvant chemo-
therapy. Ewr J Nucl Med Mol Imaging 2007;34:1915-24.
Rousseau C, Devillers A, Sagan C, Ferrer L, Bridji B, Campion
L, et al. Monitoring of early response to neoadjuvant chemo-
therapy in stage II and III breast cancer by [18F]fluorodeoxy-
glucose positron emission tomography. J Clin Oncol 2006;24.
5366-72.

Cachin F, Prince HM, Hogg A, Ware RE and Hicks RIJ.
Powerful prognostic stratification by [18F]fluorodeoxyglucose
positron emission tomography in patients with metastatic breast
cancer treated with high-dose chemotherapy. J Clin Oncol 2006;
24:3026-31.

McDermott GM, Welch A, Staff RT, Gilbert FJ, Schweiger L,
Semple SI, et al. Monitoring primary breast cancer throughout
chemotherapy using FDG-PET. Breast Cancer Res Treat 2007,
102:75-84.

Li D, Yao Q, Li L, Wang L and Chen J. Correlation between
hybrid 18F-FDG PET/CT and apoptosis induced by neoadjuvant
chemotherapy in breast cancer. Cancer Biol Ther 2007;6:1442-8.
Specht JM, Tam SL, Kurland BF, Gralow JR, Livingston RB,
Linden HM, et al. Serial 2-[18F] fluoro-2-deoxy-D-glucose
positron emission tomography (FDG-PET) to monitor treatment
of bone-dominant metastatic breast cancer predicts time to

89



Joon-Kee Yoon. Clinical Application of ®F-FDG PET in Breast Cancer

81.

82.

83.

8.

86.

90

progression (TTP). Breast Cancer Res Treat 2007;105:87-94.
Gennari A, Donati S, Salvadori B, Giorgetti A, Salvadori PA,
Sorace O, et al. Role of 2-[18F]-fluorodeoxyglucose (FDG)
positron emission tomography (PET) in the early assessment of
response to chemotherapy in metastatic breast cancer patients.
Clin Breast Cancer 2000;1:156-61; discussion 62-3.

Mortimer JE, Dehdashti F, Siegel BA, Trinkaus K, Katzenellen-
bogen JA and Welch MJ. Metabolic flare: indicator of hormone
responsiveness in advanced breast cancer. J Clin Oncol 2001;
19:2797-803.

Mankoff DA, Dunnwald LK, Gralow JR, Ellis GK, Charlop A,
Lawton TJ, et al. Blood flow and metabolism in locally advanced
breast cancer: relationship to response to therapy. J Nucl Med
2002;43:500-9.

. Vranjesevic D, Filmont JE, Meta J, Silverman DH, Phelps ME,

Rao J, et al. Whole-body (18)F-FDG PET and conventional
imaging for predicting outcome in previously treated breast
cancer patients. J Nucl Med 2002;43:325-9.

Mankoff DA, Dunnwald LK, Gralow JR, Ellis GK, Schubert EK,
Tseng J, et al. Changes in blood flow and metabolism in locally
advanced breast cancer treated with neoadjuvant chemotherapy. J
Nucl Med 2003;44:1806-14.

Krak NC, van der Hoeven JJ, Hoekstra OS, Twisk JW, van der

Wall E and Lammertsma AA. Measuring [(18)F]FDG uptake in

87.

88.

89.

90.

91.

breast cancer during chemotherapy: comparison of analytical
methods. Eur J Nucl Med Mol Imaging 2003;30:674-81.

Tseng J, Dunnwald LK, Schubert EK, Link JM, Minoshima §,
Muzi M, et al. 18F-FDG kinetics in locally advanced breast
cancer: correlation with tumor blood flow and changes in
response to neoadjuvant chemotherapy. J Nucl Med 2004;45:
1829-37.

Dose Schwarz J, Bader M, Jenicke L, Hemminger G, Janicke F
and Avril N, Early prediction of response to chemotherapy in
metastatic breast cancer using sequential 18F-FDG PET. J Nucl -
Med 2005;46:1144-50.

Stafford SE, Gralow JR, Schubert EK, Rinn KJ, Dunnwald LK,
Livingston RB, et al. Use of serial FDG PET to measure the
response of bone-dominant breast cancer to therapy. Acad Radiol
2002;9:913-21.

Tozaki M, Sakamoto M, Oyama Y, O'Uchi T, Kawano N, Suzuki
T, et al. Monitoring of early response to neoadjuvant chemo-
therapy in breast cancer with (1)H MR spectroscopy: comparison
to sequential 2-[18F]-fluorodeoxyglucose positron emission tomo-
graphy. J Magn Reson Imaging 2008;28:420-7.

Krak NC, Hoekstra OS and Lammertsma AA. Measuring
response to chemotherapy in locally advanced breast cancer:
methodological considerations. Eur J Nucl Med Mol Imaging
2004;31 Suppl 1:5103-11.



