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A Pilot Study for the Feasibility of F-18 FLT-PET in Locally Advanced Breast
Cancer: Comparison with F-18 FDG-PET

Lee Jai Hyuen, MD Fuy Nyong Kim, MD Il ki Hong, MD." J|n Hee Ahn, MD2
Sung-Bae Kim, MD Sei-Hyun Ahn, MD.” Gyung Yup Gong, MD Jae Seung Klm, M.D.1,
Seung-lun Oh, Ph.D.!, Dae Hyuk Moon, MD and Jin-Sook Ry, I\/\.D.1

Departments of !'Nuclear Medicine, *Internal Medicine, Surgery and 4Pathology, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, Korea

Purpose: The aim of this study was to investigate the feasibility of 37 -[F-18lfluoro-3 -deoxythymidine positron
emission tomography(FLT-PET) for the detection of locally advanced breast cancer and to compare the degree of
FLT and 2 -deoxy-2 " -IF-18lfluoro-d-glucoselfDG) uptake in primary tumor, lymph nodes and other normal
organs. Material & Methods: The study subjects consisted of 22 female patients (mean age; 4246 years) with
biopsy-confirmed infiltrating ductal carcinoma between Aug 2005 and Nov 2006. We perfomed conventional
imaging workup, FDG-PET and FLT PFT/CT. Average tumor size measured by MRl was 72434 cm. With visual
analysis, Tumor and Lymph node uptakes of FLT and FDG were determined by calculation of standardized uptake
value (SUV) and tumor to background (TB) ratio. We compared FLT tumor uptake with FDG tumor uptake. We
also investigated the correlation between FLT tumor uptake and FDG tumor uptake and the concordant rate with
lymph node uptakes of FLT and FDG. FLT and FDG uptakes of bone marrow and liver were measured to
compare the biodistribution of each other. Results: All tumor lesions were visually detected in both FLT-PET and
FDG-PET. There was no significant correlation between maximal tumor size by MRl and SUVmax of FLT-PET or
FDG-PET (p30.05). SUVmax and SUVss {average SUV within volume of interest using 75% isocontour} of FLT-PET
were significantly lower than those of FDG-PET in primary tumor (SUVmax 63452 vs 8349, p=002 / SUVss
53%43 vs 69£42, p=002. There is significant moderate correlation between uptake of FLT and FDG in primary
tumor (SUVmax; rho=0450, p=004 / SUV75 rho=0472, p=0.03). But, TB ratio of FLT-PET was higher than that
of FDGPEN117+77 vs 63+38, p=0001). The concordant rate between FLT and FDG uptake of lymph node
was reasonably good (33/34). The FLT SUVs of liver and bone marrow were 42412 and 8.3+49. The FDG SUVs
of liver and bone marrow were 18204 and 16+04. Conclusion: The uptakes of FLT were lower than those of
FDG, but all patients of this study revealed good FLT uptakes of tumor and lymph node. Because FLT-PET
revealed high TB ratio and concordant rate with lymph node uptakes of FDG-PET, FLT-PET could be a useful
diagnostic tool in locally advanced breast cancer. But, physiological uptake and individual variation of FLT in bone
marrow and liver will limit the diagnosis of bone and liver metastases. (Nucl Med Mol Imaging 200842(1:29-38)
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4 3 AIEE FHE AAGSE Aok FAARAY Kt
(locally advanced breast cancer)& #u]¢] A4 fuets
A 2 2-75%E AA B Yot = FEreE oA
AlE 20029 221l SEANY EAe otH gl b
B2 125%E AASI & AEE AR ¥ F
A sz Ay 7 e et vha B271E 8
4 A4 fdeld By A 7 2 Y
3= ok 5 cmBT 2 Z.E_,,]E sﬂ}\-lo].;]\,]. Ei o o}
9 FL USEZde Hoprt dAY EEA
(inflammatory breast cancer)”}x] 23 gty
Hlﬁo]/\g %H]—OPQ,] fﬂ Z]?S]—]ﬂr—l =g} le
o) A7)7} 245 59 xg%— ol Zase” ¢
AE A Hojd dzZA9 e Fdxd Aol 7]
staging) ol wheh %7t B Aoz dHA ok HZ,
FAZYA FHES HR AT A EXF pao) o A
7t Tkl A mjAldel e JHsA R Qs AMEsistary
(neoadjuvant chemotherapy)& £7] A A8t= FA o]}, w
2hA g8t W7 dAgo| ol Hrte] Fash, Mslgdta
W) A5 Wb EE 74 et hsg £l 713 E
FAA GEE st Zol F2sth 27 -deoxy-2 " -[F-18]
fluoro-d-glucose (FDG)E ©]-43 PET+ &84
o) Agt = AFE Bt SoA BT A £ AL
AL, 710 BHACE A HE AAES
3 ARgel Fol7h ATk e, FDGE 2o
ABEA 218G Aol E T AFH7F AasiH,
2o} A Az Sofl HlAY A HAE Role
9lol FDG-PETE %9 g B9 ol 893S <l
Ast=d dAE AT A’
olef] vlal Htol AMHEI sle 37 -[F-18]fluoro-3
-deoxythymidine (FLT)+ 19980 M X8 4L & Ho]
F5 AR E Shields 570 o8 705310, DNA
salvage pathway S E3] DNA A4S 7HH Ao E RoFE
pyrimidine f-AH4e]th, FLTE thymidine kinase 19 2|3}
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Table 1. Summary cf SUVs for FLT and FDG and TB Ratio of Primary Breast Cancer in This Study

FLT FDG
Age Tumor size(cm)
SUVmax SUV75 TB ratio SUVmax SUV75 TB ratio
26 1.3 26 22 29 1.6 1.2 1.6
47 3.2 42 3.7 10.5 57 5 5.7
39 3.5 5.3 4.6 13.3 7.6 6.5 6.3
40 3.5 31 2.6 7.8 1.2 9.8 12.4
49 5 1.3 9.3 22.6 239 20.2 184
23 5 10 8.3 10.6 9.4 7.8 134
50 52 6.1 54 163 7.1 62 59
19 55 7.1 5.8 355 10 8.3 14.3
29 56 3.7 3.2 5.3 82 7.2 59
43 6 6.5 54 16.3 11.1 9.8 65
47 6.1 2.7 2.2 4.5 6.3 5.1 53
61 74 43 3.6 10.8 5.1 4.4 43
39 7.4 5.7 49 14.3 46 3.8 4.6
42 7.5 2.1 1.7 42 1.6 1.3 1.5
32 79 6.8 5.7 13.6 12.9 11.4 9.2
29 9 41 3.6 10 9.6 7.8 13.7
48 9.3 45 3.7 9 6.4 53 53
51 10.1 52 42 13 12.3 10 9.5
45 10.4 54 45 13.5 1.8 1.5 2
48 13.2 276 228 394 9.6 7.8 6
42 13.2 58 47 14.5 3.8 33 4.2
33 14.1 52 42 6.5 1.8 9.8 9.1
Mean+5D 72434 6.3+52 53+43 7477 8.3+49 6.9+£4.2 6.3+3.8
A BE AR B BAVE 9 4990 192, A% 6Rd F 94 )9 BA4E 2D-mode #5AT. I
YAYAY A HAEAA o] e Ba, f 29 5T TEYFS A G 4R Ge63 UL o1& T
A, O qhe) 719o) Gk B W) Aol 2A A e QoM FABAS SUOM, ol Ordered Subset

HAT, £ 2259 A} 51’1]'59 Hat 9% 42*1](%49’]1
23-61A) AL, ZF/ANE BF AR

ductal carcinoma)ello™, 4 MRIA Foko] a5
Ese ¥4y A8 2438 T4 AR A2

72434 cm (B9 1.3-14.1 cm) v (Table 1).

2. PET imaging and analysis
1) FDG-PET
AR ES AAF Aol 6AIZF o] F4lst

o,

Wl 8l -123 me/dl) g E} DG zﬂ&% A

oi AAER e, FDG-PET 44

scanner (Siemens-CTIL Knoxville, TN, US) £ /‘}%5}3?\

o HF 5291 MBq (14.3%1.3 mCi) ¢ FDGE AF=A =

FABIA 607 FA S F T 7, ok dHE ilﬂ] 79
2 % ¥

NA HER A AN e AUk BE

Expectation Maximization algorithm (2 iterations, 8

subsets) & o] &3t} P& ATAEHA

2) FLT-PET

FLT= (57 -O-DMTr-2 " -deoxy-3 " -O-nosyl-f-D-threo-
pentofuranosyl) -3-N- BOC-thymine®] fluorination 4%
9 NeEAE AH AR, TS A AEvpED
B AR Sol) HAleetE FEL 487156% A0, WAL
e EE 98+12%, HWAME2 Ha 3,800 Ci/mmolol i
ok B AR 29 A FA42 AP geken FLT
Z2} & Biograph Sensation 16 PET/CT system (Siemens-
CTL Knoxville, TN, US.) & Atg3te 4742 9533
#olg ) F 4203 MBq (114+1.3 mC) Y FLTE AF
Wofl FAbeEY 60 B FAE 116} A R
& 2 Aol A X AR A 853 3 7k APzt
IS Atk CT 942 120 kVp, 100 mAs, 5 mm®@l
A, 05 secd] AEEZ AN R 210E AAstd I
Ao, 512x512 matrixoll A 128x128 matrixE ¥ g
A ALssrt PET 942 1 bed & 387
Z NS 3D-mode® AUT CTE HHEAHS 3 o

Ordered Subset Expectation Maximization algorithm

2
=
&

O o o o Hn lo mE ox

31



Lee Jai Hyuen, et al. F-18 FLT-PET in Locally Advanced Breast Cancer

[

25|

20f
x
[}
E
=
3 18-
- p=050
i rho =0.151

A

Tumor size{cm)

A
ol
p=085
g tho =0.042
3 M
7 a 4 A
4] &
E W & A A &
& l"
& 4 4
sp o :3: i
. a
A Y A
1 i i L
& k4 & @ 1@ 153
B Tumor sizelcm)

Figure 1. Two graphs show no significant correlation between tumor size and SUVmax on FLT-PET (A) or SUVmax on FDG-PET (B)

(2 iterations, 16 subsets) S ©|&38l] AAE AFA st
BE BxeM FLT-PETE Y FDG-PET7F WA Al =%
oY, FDG-PETS} FLT PET/CT ¥ ZA} Atol9] Al 7H
AL Bt 104 (5-18%) 01, o] Atole] HaPsetawy 5
A5T AYHA Est,

lo

PETS4e] £42 PETHEY ZAdo] e 5 W 9
9|8t} 2)Al7t A} A4 workstation®] ZZ 1Y (ESOFT,
Siemens-CTI, Knoxville, TN, US.)& o] &3l RE )4}
3zle] FLT PET/CTS FDG-PETEAS Z17 v & g4+
o thgk F R glo] WA {FH o7 7tz Hrtsted 71estd
o}, &, FLTS FDGAA7E 5718 99 59 43 dold
ZIAHZ JARNE 19E BRIAL, ol W3 K¢ LA
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9l BAL 9ste], ESOFT Z2 1A AFstes AFE
A Z2 P A T3 BAELH (volume of interest) S 7
4 BAE PET GAolA HHg 25 EFHEE HAA 7
T AL Yo Hue AR 5%edE U=
AEE AEFE FEEYL, FEFIY AN BEHAHA

o]
h
A 4= (maximum standardized uptake value, SUVmax) % 3

& EZNAAF(SUVE) & Faheieh ZUdhu) 732 4
# Hge Fa7) slstel, MRoRE W WA fe
xg AFAZA Y= F¥ BUGHS ARste] B

V (SUVmean) < 39 Y, W9 SUVmaxg ©| 53
2 L}% A1 TB 4% ¥](Tumo to Background ratio) & 3+
o}, Y=o WuSe] tjs)A % FLT-PETS FDG-PETe
A9l SUVmaxE ¥w3t¥th TYx4 ol¢d v ZA4
471994 FDGS) FLTS) 22 ¥zab/) skl ¢ 441
£ 52 S0l 4050 cm’ AE £49) 7He) AYEH
< AAsY SUVmean® &4t oH, 25 A= 3
Aupro] F3 ANE TN e E o] AL
SUVsEA T3t

4. Statistical analysis

7} g7 2UFAN Y= HFd g3 FLT-PET
9} FDG-PETeIA SUVmax, SUVsws, TB A# 4|9 HluEs
Wilcoxon signed rank testE& o237, o5 249 45
##EA 2 Foke] A7)9 FLTY FDGY SUVmaxehe] 4
HAL doli 7] Yall Spearman correlation coefficient
Fagth 2413 HelE SPSS 13.0K for windows Z&
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BAE, A FFE JADeE ueE 100%E B4
¥ 373 FLT-PET® FDG-
PET®] SUVmaxZtel %94%& FEBAE YAHP0.05)
(Fig. 1. =394 f$eke] Sl thet FLTY) SUVmax
BEE 63152 (91 21-27.6) 014, SUVys FF& 53+

3 (M9l 17-228), TB A3v] HaFE 117177 (B9:
29-39.4)R3, FDG® SUVmax H#& 83+49 (H9):
16-239)°123L, SUVzs Ha+2 69+42 (F$1: 1.2-20.2),

TB A#Y] Ha2 63438 (BY: 1.2-156)2 #2= %ok
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Figure 2. These three plofs show the comparison between FLT
and FDG uptake of 22 LABC patients in order(SUVmax (A), SUV75
(B). B ratio (C)). (black bar: mean value of SUVmax, SUV75 or TB
ratio). SUVmax and SUV75 of FLT-PET are lower than those of
FDG-PET. But, TB ratio of FLT-PET is higher than that of FDG-PET.

(Table. 1). FDG-PETA F%¢ SUVmax9 SUVs &
FLT-PETET f93A =% HSUVmax & SUVrks:
p=002), TB &1+ FLT-PETY M FDG-PETET} #¢
SHA =R THp=0.001)(Fig. 2). FLT-PET$ FDG-PETY
SUVmax, SUV» TB H#ANE FA8 43aAE Ye
o Ad Alges ZF 05 ol3tE A0 mXE &
HSUVmax: rho=0450, p=0.04/ SUVz: rho=0472,
p=003/ TB ratio: tho=0472, p=0.02) (Fig. 3).

2. =4 Aolo A FDGS FLTE HAFHv

=24 GEA(FE Jgd=ZA)o| M= FLT-PET+
Z 2299 2 F 3979(N e YA level I 22, level 11
10, level 11 4/ A3 E 22, 2/ WHHE=H: 1ol 7t
AuoeH, FDG-PETE 3479 (de 24 level 11 19,
level I1: 8, level 1. 4/ AF4R24; 2/ WRFE=ZE: Do
AF7F Atk AP zdd YR zd 438 2 @
52 DG FLT-PETOIAM A2 dAXsHew, FLT-
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Figure 3. These three plots show the significant correlation
between FLT SUVmax and FDG SUVmax (A), between FLT SUV75
and FDG SUV75 (B) and between FLT TB ratfio and FDG TB ratio
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3 AxFol= AL HHE £ 7 AV Fig. 5. =+
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Figure 4. These three pictures show PET scans of a 45-year-old woman
with left locally advanced breast cancer which is large and poorly
demarcated lesion. Maximal fumor size is 10.4 cm. (A) FDG-PET shows
FDG uptake of left breast tumor (thin black arrow) but not that of left
internal mammary node. (B) FLT-PET reveals both FLT uptakes of tumor
(thin black arrow) and left internal mammary node (thick black arrow).
(C) FLT PET/CT is the same transaxial image of FLT-PET and shows both FLT
uptakes of tumor (thin white arrow) and left internal maommary node
(thick white arrow). SUVmax of tumor is 1.8 for FDG-PET and 5.4 for FLT
PET/CT. FLT SUVmax of left internal mammary node is 2.6.

Figure 5. These two pictures show the different distributions of FLT and FDG in the same patient.
The increased accumulations of FLT within the liver and bone marrow are seen. The uptakes
of FLT are more decreased than those of FDG in mediastinum, myocardium and subcutaneous
fat tissues. (A) FLT-PET. (B) FDG-PET,

AA7E S7hHel AN AAFEZA HFH] UEINE SUVmaxE Hid A7E Jdnt? B dA7elq FDG-
FLT-PET$ FDG-PET® W2# %& dX &g #28 $  PETE FLTHRO SUVs9 SUVmaxol A 25 9847 =
A gom, FEwY AddAE v FLT-PETY %7

HT 5o s 2§ty ol GAEge) A FLT- SUVZel T2 ¢olld Brd ARG & Ho 7 ol=
PETSt FDG-PETE Wdd =850 HyEgon] AL 37 ko] =7]7F £ A8 Eoko] tiato]7] i 202 A
o A, 5 dd §9 AelE tRE FDG-PET7} Zek 4 glo, 9 MRIE 248 299 AR
FLT-PETHTH: #9384 %& SUVmaxE BQou™™  FLT-PETOIA 243 SUVe= 493 Ad 342 Ho

FHAe] Aol FLT-PET7F FDGEG 9u] A &2 A FROEE FLTY 2 A7 98] T3 A79e

& A —
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