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ABSTRACT

Purpose: Breast cancer is the most common among women worldwide, with one in eight women receiving this diagnosis in their
lifetime. The National Comprehensive Cancer Network (NCNN) recommends receptor type testing for all breast cancer patients,
which helps predict outcomes and guide treatment decisions. Breast cancer has three subtypes: hormone receptor-positive, HER2-
positive, and triple-negative breast cancer, depending on the expression of hormone receptor and HER2. The purpose of this study
is to introduce a general understanding and usefulness of ®F-fluoroestradiol(FES) PET/CT imaging, and to investigate the SUVmax
value of 8F-FES and '8F-FDG PET/CT Images. Materials and Methods: Summarizing of approval process by Korea Food and Drug
Administration(KFDA) and national insurance benefits status of ®F-fluoroestradiol(FES) in Korea. To confirm the usefulness of ®F-FES
PET/CT Scan, We analyzed the latest meta-analysis papers, and a paired-sample t-test(wilcoxon signed -rank test) was performed
on SUVmax value measurements for 41 patients who underwent both ®F-FES PET/CT and *F-FDG PET/CT within a month interval
from Jan. 2022 to Dec. 2023. Results: *F-fluoroestradiol(FES) was approved by KFDA in November 2019, and national insurance
benefits were garneted by government in December 2020. Our study reveal that irrespective of the lesion's anatomical site, the
BF-FES SUVmax exhibited an average of 7.8£5.9, while the 8F-FDG SUVmax demonstrated an average of 6.3%3.3. Considering the
location of the lesions within the breast only, the ¥F-FES SUVmax average at 7.11+5.4, with the ¥F-FDG SUVmax average at 6.2£3.5.
Conversely, lesions were located outside the breast an average *F-FES SUVmax of 8.9£6.6 and an average ®F-FDG SUVmax of
6.4%3.2. Conclusions: We can find that, there was no significant difference on SUVmax value between **F- FES and *F-FDG PET/CT
images. However, approximately 70% of breast cancer patients are diagnosed with estrogen receptor-positive breast cancer in Korea,
therefore considering the importance of hormone therapy in recurred or metastatic breast cancer treatment. ®F-FES PET/CT scan is
very useful clinical implementation, when evaluating breast cancer hormone receptors through the imaging, Especially, the patients
who tumor biopsy is difficult or impossible conditions.

Keywords: Breast Cancer, ®F-Fluoroestradiol(FES), Estrogen Receptor, Hormone Therapy, SUVmax

Received April 01, 2025 Revised May 20, 2025 Accepted May 20, 2025

a This is an Open Access article distributed under the terms of the Creative Commons CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/) which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/

Clinical Implementations of ¥F-fluoroestradiol(FES) PET/CT Scan and SUVmax Analysis between *F-FES and ®F-FDG PET/CT

ME

202310l LxE =71be 5 SAl0) w2, 2 o delA 7S E7F 4(21.5%) 22 BAYE 191°0]H, 94 o A € 59
(8.6%)5 AFAIRTH 1] Z2iut RRyt2 710l BE ™ 2] 7hs/d o] @A sHAl S7HE7] wizell 27] d3d 3} et ko] o
% F2sfth2]. ool w2k, theRh Ad i 2| 8 ko] ZiEE AL 1A, o] 2i’t By ol M fiete] AR ofdS 4] utofs
= 0] A2 AE 1ol T3 A2 T3] Y2 222 84 ?'ioﬂ ut} o AR 2 -84 YA (ER+), Z2ALE|
& 8A P PR+, A T] A AAF #-8A FHHER2H), E 278 FHEH(TNBOR 73 TH4] R YolA o AE=27

rl

-84 FE(ER) = ZEAAEE £8A F(PRH) F oFH ol %odﬂﬂd_, SEE £ EA|HRY) FHLE HFH 5. &2
2 58A A A2 A fek #Rke] oF 70%E A5k, S22 g Rof| ot §h3-o] F2 wWolthe]. 17t E % Azt
484 F/J(HER2+) R HER2 ThifZ o] I ] = 7-9-0]H, o] Z-Roll= 4 X 5A7} 34 o|th7]). A5 &4
(TNBC)2 Al AE 27 £~8X|(ER), ZEAAHE £-8A|(PR) 2 17t T /7% 12F +~8AH|(HER2)] L& o] % U s gloB
= OIEW 8 E B 02 Sh= oFEol ¥He5lA] R=th8, 9]. THE oF g o] AT Bl w S Wi AFF 54 R Ak A&
717t B o Atk & 213 53 o) AFG-E-2 40%°]TH10]. A1 ZE F 5/ 0] 11 &, B, ZFe 2o] W Ho| 7} £ IEHH]

=75
A7) et Ae L 27 AY 27| Yol E FFe) AT M ZANAAHOT BEOR ALeH
2L} EoFo] 92|} ghate] A7 Aol what Aol ol A Brlse AL E ZAjatt) of2ig dlS
SE_Fluoroestradiol(FES) PET/CT A= HIH G2 02 8¢t 2xto] S22 +83) S 7k 4 Q= -85 E—TLE ga=
43I} 53, "EFESE ol B 2R O|AE 271 £-8310] & W3S 1AL o], ol AE 2 487 4 e Bt 2
E‘?_Po = RUE PR, A = o] o 75 7k o] &2H4o|tH13].
olof 2 A= Ul A& FE A (KFDA)OI A 5-1E F-Fluoroestradiol(FES)2] A4} 2-& 1Hg 1} *F-Fluoroestradiol(FES)
PET/CT B/l dubael ojs & A4 {8488 gdstnzt stch ot 2t tiAtE 7|HFC & ko] Ho|& H7lst=
F-FDG PET/CTS} | AE 27 84 el E H7l5t= “F-FES PET/CT 97304 5¢ B9l SUVmax 4t H|asho =M
8F-Fluoroestradiol(FES)2] X2 72| & B 7}Fstaiz} St

oL

s

SF-FES PET/CTS] Y/32 7-8/98 &915H7] 93l 20201 o] & i d ¥ 9 =255 o2 2|li 2 248 Haystqict.
A =252 HIQF SF-FESQ} BF-FDG PET/CT %A} H 1, = A} 7|1 9] W 73] % )
HE Aok, ] Al Fo]ekEH A (KFDA) 517 E &=
2023 1297}1A] BE-FES PET/CT ZAAFS Al3 3t 2k} 3067
SR EAH 41 S 2T o R S @ BAS AL, BE BN tiAE2 5 Y 7]HolA OHAEE 284 &
3 St o® 27 2Rk ghatolt. 2 dAts A7) A |2 Aol upet 23] 3l o, ok 7]k E] Al o) 9l 3]
(Institutional Review Board)®] 4-91-2 HFITHIRB -1 H T2 2019-1668). A1H 5-2) A= 7]37hg-2] 4] o] 9] A 5] of) oJ5f) A =] ATt

AR £

'SF-FES PET/CTS] AR&-¥ ZHH]+= SiemensAHe] Biograph Vision 600 PET/CT scanner(Fig. 1) = AF8-5+ 2™, “F-FDG PET/CT A}
o= GEAFS] Discovery 690(Fig. 2), Discovery 710(Fig. 3), SiemensAH2] Biograph Vision 600 PET/CT scanner(Fig. 1) =& AH&-5A T}

The Korean Journal of Nuclear Medicine Technology 2



Clinical Implementations of ¥F-fluoroestradiol(FES) PET/CT Scan and SUVmax Analysis between *F-FES and *F-FDG PET/CT

SIEMENS

ﬂ Healthineess
|
|

e ——

Fig. 3. PET/CT equipment was used for image acquisition(Discovery 710 PET/CT scanner, GE, USA).
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Table 1. Administration dose and method of radiopharmaceutical

Radiopharmaceutical Administration Dose Method
SF-FES Adult—3~6 mCi (111~222MBq) IV injection
BE-FDG Adult—0.14mCi (5.18 MBq) / kg IV injection
4. FAL S

4.1. SE-FES A}

SE-FES At 3, SpAbiejokEo] AUolA] Qg E o
o] aFgoll A AA| B52 22 U FESY| 2ol JF= &
PET/CT scanner T2 AR&-5ko] of2fjo] §/ &5 7iof| mh

Bas 2 glr2 Ak 1k $AolA 008 E9F oHde Halaich,

T O v uv’o

= ] L
Qlo] Alskslgitt 900 H}st 2, SiemensAt2] Biograph Vision 600

Table 2. CT acquisition and reconstruction parameters of ¥F-FES scan

CT Scan Parameters CT Reconstruction Parameters
kV 120 Slice 3.0
Quality Ref. mAs 50 Increment 3.0
Rotation Time(sec/rot) 0.5
Detector Collimation 19.2
Pitch 1.0

Table 3. PET acquisition and reconstruction parameters of ¥F-FES scan

PET Scan Parameters PET Reconstruction Parameters
Scan Speed 1.7mm/sec(flow motion) Recon Method TrueX + TOF
Direction Craniocaudal FWHM(mm) 2.0
FOV(mm) 500 Matrix size 440*440
Voxel size(mm) 1.65%1.65*3.0
Zoom 1.0
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4.2. SF-FDG 7}
"F-FDG Y & $2h= 287 &70lA 60 X 2 FHsHlom, ti7] ARt S2te] AlA| EE-2 Fohg AgkstATh 602
o] 7 1}3t = Biograph Vision 600 , Discovery 690, Discovery 7102] ZH| & AL-8-5}0] ofelje] o4} & 7ol whet AAME Al 35T

Table 4. CT acquisition and reconstruction parameters of F-FDG scan(Discovery 690, 710)

CT Scan Parameters CT Reconstruction Parameters
kv 120 Increment
mAs Auto mA Interval(mm) 327
Rotation Time(sec/rot) 0.5
Detector Collimation(mm) 40
Pitch speed(mm/rot) 39.37
Slice thickness(mm) 3.75

Table 5. CT acquisition and reconstruction parameters of ¥F-FDG scan(Biograph Vision 600)

CT Scan Parameters CT Reconstruction Parameters
kV 120 Increment 3
mAs Quality Ref. mAs 50 Interval(mm)
Rotation Time(sec/rot) 0.5
Detector Collimation(mm) 19.2
Pitch speed(mm/rot) 1.0
Slice thickness(mm) 3.0

Table 6. PET acquisition and reconstruction parameters of ¥F-FDG scan(Discovery 690, 710)

PET Scan Parameters PET Reconstruction Parameters
Scan Duration(min/bed) 2 min/bed Recon Method VPFX-S
FOV(mm) 500 FWHM(mm) 4.0
Matrix size 192*%192
Voxel size(mm) 2.6%2.6%3.27
Zoom 1.0

Table 7. PET acquisition and reconstruction parameters of ¥F-FDG scan(Biograph Vision 600)

PET Scan Parameters PET Reconstruction Parameters
Scan Duration(mm/sec) 1.7mm/sec Recon Method True X + TOF
FOV(mm) 500 FWHM(mm) 2.0
Matrix size 440*440
Voxel size(mm) 1.14%1.14*3.0
Zoom 1.0
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Fig. 4. As a representative case, images were obtained from a patient who underwent both *F-FES and ®F-FDG PET/
CT scans within one month. Image (a) represents the *F-FES PET/CT scan, and image (b) represents the **F-FDG PET/CT
scan.
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b |
A1}

1. FES QA M2 3PH Sl HE 1A

SEFES+ 201356 20161712 A4 3/ A S 72 20199 1€ S )& 2] oFE Qb 2| (KFDA)2] &5 5171 o}, 3
Fare] ek Bl 2| 5 BUEF| ARG 4 e M2 AV ofF o2 SEE ]I 0], 20201 12€ Q|8 HY Fof FFo=
A EHA], B} g2 $x}50] BE-FES PET/CT 270 ol A4S gy} X 55 v 4 A = JAchFig. 5). ”‘F—FES——] Sd=
o4& 7] oh2oh 2ok B QA A R ] A s A o] Aol Qlo] X e S 9ol ol AEZ A -84 U of
o] glo] T o, Wwio] 5 B AR F5 B, 346 "= Soll fixlste 22 ZAL 57}— F 7390l Al

YA 2FFoA S AL AT 14].

The Korean Journal of Nuclear Medicine Technology 6



Clinical Implementations of ¥F-fluoroestradiol(FES) PET/CT Scan and SUVmax Analysis between *F-FES and *F-FDG PET/CT

AlZO|oFZ oMM
OIAF 2AF AlSY Ao TE e _
=¢3c ®E B2 37 Q30 M8  FES IY AT
(0] o) ® ®
2013.11.27 ~
2016.11.15 2019.11.04 2020.12.01 2021.05

Fig. 5. This timeline illustrates the development and release process of 8F-FES in the domestic radiopharmaceutical
market.

2. SUVmax 2} H|z2

£ HHEo| o3t SUVmax 242 H) w3t A} BF-FES+= 7.815.9, "F-FDGE= 63133202 Z2AE]9l o T 7ko] xjo|= EA|A
0 2 §-9|5}2] 99k Th(p=0.175)(Table 8)(Fig. 6). A4 BR 5 THA] F-H U] Wi the breast)®] 73, *F-FESS] SUVmax+= 7.1£54,
BF-FDG+ 6.213.52 F L& H &}o|7} EAIH 02 [-2l51A] UTHp=0.569)(Table 9)(Fig. 6). 3 2]+ B ¥ (outside the breast)°l]
A E BE-FES+ 8.91£6.6, "F-FDG+= 641322 SHE ot BAZ 02 Fo|st 2to|+= ¢l Tthp=0.165) (Table 10)(Fig. 6). 224
© 2 BE.FESQ} SF-FDG PET/CT %940l Al SUVmax Gt SF-FES7} 14 0 & &=A| Uehg o EA12 0 & G0t xfo]= ¢iqich

Table 8. Results of the comparison of SUVmax values in all lesions

n=41 meantsd t p
FES_suvima 7.8+59 1.381 0.175
FDG_SUVmax 63 + 33

Table 9. Results of the comparison of SUVmax values in the breast lesions

n=24 mean-+sd t p
FDG_suvmax 6.2£3.5

Table 10. Results of the comparison of SUVmax values outside the breast lesions

n=17 meantsd t p
FES_suviax 89+6.6 1.457 0.165
FDG_ suvimax 64432
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SUVmax values SUVmax values SUVmax values
in all lesions in the breast lesions outside the breast lesions
25 25 25
20 20 o 20
15 15 ) ° 15
10 10 10
5 5 * 5
0 0 0
B FES_SUVmax M FES_SUVmax M FES_SUVmax
M FDG_SUVmax M FDG_SUVmax B FDG_SUVmax

(a) (b) ©

Fig. 6. This graph visualizes the SUVmax values of FES and FDG. The (a) graph shows the SUVmax value in all lesions, the
(b) graph shows the SUVmax value in the breast lesions, and the (c) graph shows the SUVmax value outside the breast
lesions.
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