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FDC Uptake in the Pathologically Proven Papillary Thyroid Cancer
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Tae-Sung Kim, MD., Mijin Yun, MD., Arthur Cho, M.D., and Jong-Doo Lee, M.D.
Division of Nuclear Medicine, Department of Diagnostic Radiology, Yonsei University College of Medicine, Seoul, Korea

Purpose: Metastatic thyroid cancers with I-131 uptake have been known to show no increase of FDC uptake
whereas those without I-131 uptake tend to demonstrate increased uptake on PET. In this study, we evaluated the
degree of FDG uptake in primary thyroid cancers of papillary histology before surgery. Material & Methods:
Forty FDG PET studies were performed on the patients who had papillary cancer proven by fine needle aspiration.
The degree of FDG uptake was visually categorized as positive or negative (positive if the tumor showed
discernible FDG; negative if the tumor didnt) and the peak standard uptake value (peak SUV) of the papillary
thyroid cancer (PTC) were compared with the size of PTC. Results: The mean size of 26 PTC with positive FDG
uptake was 19414 cm(0.5~5 cm). In 13 PTC with negative FDG uptake, the mean size of those was 0.5+0.2 cm
0.2~09 cm). All PTC larger than 1cm (2514 cm, 1~5 cm) have positive FDC uptake (peak SUV=64%57, 1.7~
22.7). Among the micropapillary thyroid cancer (microPTC PTC smaller than 1cm), 8 microPTC show positive FDG
uptakelpeak SUV=29413, 1.7~5.5), while 13 microPTC show negative finding(peak SUV=13+£02, 1.1~17). The
size of microPTC with positive FDG uptake is significantly larger than that of microPTC with negative FDG uptake
0.740.1 cm vs 04%0.2 cm, p=0.01). Conclusion: All PTCs larger than Tcm show positive FDG uptake in our
study. In other words, thyroid lesions larger than 1cm with negative FDG uptake are unlikely to be PTC. So far,
only poorly differentiated thyroid cancers are known to show increased FDG uptake. Our results seem to be
contradictory to what is known in the literature. Further study is needed to understand better the significance of
increased FDG uptake in PTC in relation to expression of NIS and GLUT. (Nucl Med Mol Imaging 2007:41(1):22-29)
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Table 1. Histology, Nodule Size, Visual Assessment and Peak Suv Results for 40 Patients Of Thyroid Cancers

Patient no. Sex Age Histology Size PET* peak SUV
1 F 31 Papillary 5.0 + 1.7
2 F 30 Papillary 1.7 + 5.7
3 F 20 Papillary 3.0 + 13.5
4 F 58 Micropapillary 0.5 + 2.6
5 F 39 Micropapillary 0.4 - 1.1
6 F 53 Papillary 1.8 + 6.5
7 F 45 Micropapillary 0.2 - 12
8 F 44 Micropapillary 0.6 - 1.3
9 F 71 Micropapillary 0.7 + 1.8
10 F 32 Papillary 5.0 + 3.7
11 M 24 Papillary 3.0 + 49
12 F 74 Papillary 40 + 22.7
13 F 49 Micropapillary 0.5 - 1.3
14 F 53 Papillary 12 + 1.7
15 F 64 Micropapillary 0.9 - 12
16 M 53 Micropapillary 0.6 + 2.1
17 F 54 Papillary 1.8 + 4.1
18 F 48 Micropapillary 0.6 + 1.7
19 F 15 Papillary 1.0 + 2.4

20 M 53 Papillary 2.5 + 9.1
21 F 49 Micropapillary 0.7 + 2.6
22 F 45 Papillary 1.3 + 6.1
23 F 50 Papillary 14 + 2.3
24 F 37 Micropapillary 0.8 + 2.9
25 F 39 Micropapillary 0.4 - 1.1
26 F 47 Papillary 1.7 + 11.5
27 F 42 Micropapillary 0.9 + 55
28 F 17 Papillary 2.7 + 8.7
29 F 61 Micropapillary 0.5 + 40
30 F 55 Micropapillary 0.5 - 12
31 F 44 Micropapillary 0.8 - 1.3
32 F 43 Micropapillary 0.3 - 1.1
33 F 54 Papillary 5.0 + 42
34 F 32 Papillary 1.1 + 47
35 F 30 Micropapillary 0.5 - 1.6
36 F 30 Papillary 14 + 42
37 F 32 Micropapillary 0.2 - 1.7
38 F 59 Micropapillary 0.2 - 1.1
39 F 46 Micropapillary 0.3 - 1.1
40 F 42 Papillary 2.1 + 5.0

* PET results are classified as positive if FDG uptake in the thyroid nodule is above background activity, or negative.
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Fig 1. A 1.7 cm sized papillary cancer in the left thyroid
gland shows intense FDG uptake (arrow); patient #26
in Table 1.

4 Fig 2. A micropapillary carcinoma shows positive FDG
uptake in left thyroid gland (arrow); patient #21 in
Table 1
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Table 2. Statistics of Size and Peak SUV of Tumors

Positive FDG uptake

Negative FDG uptake

Equal or larger than Tcm n=19

size 2.5+1.4cm, 1~5cm No case

peak SUV 6.4£5.7, 1.7~22.7

Smaller than 1cm n=8 n=13

size 0.7+0.1cm, 0.5~0.9cm 0.4+0.2cm, 0.2~0.9
peak SUV 29+13, 1.7~55 1.3£02, 1.1~1.7

classified by whether tumor has positive or negative FDG uptake and whether the tumor is smaller than 1cm or not
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Fig. 4. Comparison of the size of the micropapillary thyroid
cancers with and without FDG uptake. The size of micropapillary
thyroid cancers without FDG uptake is significantly larger than
those without FDG uptake (P=0.01).

e AH =717k lem o) A 92 19813
oRke] A718 Hols wAIR A o2 214 %

721, lem
3¢k (Table 1)

%94 FDG 432200 M das
408 9] G TR T 2rd o] A
HA FDG A3 $dade Bilew (27/40), ©
1.9£1.4 cm(0.5~5 cm) ©I At} %<4 FDG A3 =4
A 13Eaen, o %9] A7 04402 ¢
~09 cm)olAeh. AR FDG A7 Hade
Ao Ade AVle 4E B l‘ A- el A7)9} v
stol frelstAl e (P<0.0001)

%
©
fu

7]
o)

=1

Ho X

ox

)

Nl
- A
N

=g b

i=J

QJ rE = o

3. A A7l mE £y
24
2R eke] F7)7F 1 em o]Akel AeE |
14 cm, 1~5 cm), lem w"%Fel AS+= 21
cm, 02~09 cm),.
o]l A 19819 A5 BT 0_}/\35\_7‘4_% Bl
1

273} peak SUV

9el o (25
# 9 TH0.5+0.2

1 cm

26

peak SUV ‘g.’ml]
=
-
™
-

b
y

1 -.\

|
o |
[ LA __.--""f
5 e .
o ___.'—""-. =
.--‘:"‘:P-'l -

Size of thyroid cancer {cm)

Fig. 5. Graph shows the relationship between the nodule sizes
and the peak SUV of the nodules. There is a weak correlation
between cancer nodule size and peak SUV (@: cancer nodule
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fion, there is no significant correlation (O: cancer nodule smaller
than 1cm, dotted line: equol or larger than 1cm nodule size v.s.
peak SUV; Y=4.67+0.72X, r*=0.04)

ghe] 214 9] MM A F 8El7E YA ES Bl
(8/21, peak SUV=29+13, 1.7~55, Fig. 2) 13d= &
AL Bt (peak SUV=12%02, 1.1~17, Fig. 3)(Table
A ZAAASE 2= FDG AF A 2742 Hol= 7
71 07201 cml 2 SAAAS Hols nH 1A Y
7] 04202 cmst ¥l wated fel5hA ZTh(P=001,
A A A7]9 peak SUVE A3 3] A4
(Fig. 5, AA) oFgh A3 (=026, P<0.01
FEEHE o3 FDG Ao AR7HE “‘Xl &
74 A-e A717F lem o)l ASwt xdeto] 24
716} peak SUVE A3 3AEH A0S e Fold 4
AL HolA gt (Fig. 58 AA,

=

oX

o
o,
U o

x
—"‘.m
=

By Elo

~

=
=

2§

Erlr;&é
NE}L.—E

=004, P=042)

ry
)

T~

il 3



HqF o) Ztatt” o= TEPLuHA| (Glucose trans-

porter: GLUT) #&89] %7} % hexokinase®] &4¢] 7}

= glucose-6-phosphatase®] %Lé el g Aoz &

HA4 9o, Mg e TEegiAl Z71= GLUT-1

F@o] Zobe] g Aoz AyEy Yo

AF7A ] BaEe] ostd AdztadAete] FDG 43
WA S A AF Y] Aot whle)

;gET‘:‘ o= Tl @":}T‘E ﬂip/ﬂop
oz yeidtiy stanh &, st 2 3t
A5 A S 2 A2 A FAS HolX FDG PET 2
AAME A v, Ado=z Fa7F it ke
AP &2 AAANNM SHLAE HolE Wi, FDG
PET 2716l HE FALAL BogE Ao ?

o]= Joensuu 5°] 3He TAAAld xES FDG
PET &3S EASHA BAASAE HF A % Aol
oro] FDG A3 A4S HothE AL A Byd o5z
WA S 4 AFH 9 AEr FDG A st dhul g shEA
Yehdthe og] ByEo] 3glem 9 19999 = o] 222

5]
H
>
i
lo
=)

o7l = 65% HO}-

(=R

sz A $49 ASE 85%0% tehtA
Aolgh i A B AL Iz et At

= AF7F sl st YehdoE A
glstdnt!” o] e ZgAel e GLUT-1 Bde
AR Fe7t W 9ol S EAR, S AE
AFste 237 2 459+ sodium iodine symporter (€]
3k NIS) 9] #& o] Z7t= 2 GLUT-19 #d 2 g7 o
FOoR Awsy o

Ao FDG A3 4= Aratr] 18l g
GLUT-1 #dg A3 BHyE°] U=l Haber 52 &
d3 oFg A ZA A GLUT-19l tigh A9 dA& Al
s)3to] 389 A e Y ZH M E FAEE Bl
AN, ot 24 288 FolM e 138 (A F78 =
A9 174 % Eﬂ% EFH oA A7 dAEE Fio] Atk
3 3tk &, Schonberger 5 94l GLUT-19] tlet ®ed
A AT, o5 o FAAE THE T
A e 208 BERolA AlEA S dA HARA T
AlZe GLUT-19] @412 o)F 48 AT HAJTHa &3

ow, dF7t £ AN A AL M9 GLUT-1
while] walo] HA &7 FDG AAE 84 geny ny
3l 2 o F7F GLUT-1 %
7bsh #A7E ek A sk

doll k2 FDG A9 = o
olAH AEIFAYE 2HFS = wet W2 FDG A
HE B 7 duy dEA ol e Y 94 2

g 2 =0l AR PETOIM 2 S840 FOG S

rir

oty
Sl
2

4
%0
tjo
po)
|o
fru
2
N\
o

o

o

=S|
=

o 1o O gy
e
5]
H

2
1</
o
oX o
o
8
N
2
f1
rir
m
rlo

=
5%

o+
1A S =)

o rlo Ho AL

Dy

o
-l
) oL
o
[es)
—
o

&
lo
&
ftfy
P
LAY
o
>
Ho
-
o
2
il
flo Ao

> |d

I

R
=2
R

o
il
e
s
o
o
p
[
i)
v
o,
e
o
e 2

N
a
>
2
>
o
1)
o
>
ity
rlo
dlo
oX
£
o yg

ey
RS

re

K
N
oy 2
ﬁl‘_‘l

N
o 2

o
z 2
X o —
?il'

ol
: g
_):1_4
O co ©

=4
o 2~168¢) & Fe) FYRYE o] T
A

2 g
3o froF
o K

oy
BN
)
oo
Siid
ol
ot
o2
fE
=
3
i
L
=
Siid
oty
ot
o2
ol
>~
fitl
o
s

AN o
o
0,
>.
v
tlo o

2 o

¥
3
=)
i Me e

2
>
e
)
Rt )

r}n:g
ra @

3
% @
= > H o>
o AN
> oXx o
N
[ I
fl‘; i
o, Mo
o, 1%
3 o
- >
Jﬂ P
R <
i
o,
o
il
Ny
ox
|o
fi
ful
rlu
1o

o5

—

o

>,

o2

i)

<.

-

e

re

-

2

R
forlr BN

ol A9 A4 aﬂ—t— 5
14 cm), BolA &L AeE B
0.2 cm) °leH, FDG A% 7o w2 2449 A7)
913k 2o] 7k AATHPL0.0001). ©10] 1 cm v ¥Hel 92 A)
state] &b 2ol wiet 24| 718 vwEdE o o
Al Sobd Ao oAl AL A-e A7} Bk A}
(A 2AAAE A7) 07401cm, SA42AAHEY A7) 04
+0.2 cm, P=0.01, 1¥ 4)

B %*4 HHH o A FDG *H]Q] BH4S 299 YA

s

I+

AA
~o>—~
=~ ©

I+

R5% A717F lem "9k

Ho

¢ % Ao
aergozE A %‘:B_Ol F285)E AN F9¢
Do} FAASE B G2 ol A HAS Wl
W A7 A Bol A%t gle] $4e) A%E EF
W 2ot

]9Jr peak SUVE 334 £4& A

A (1*=0.26, PO.OL, 18 59 AA)
ET 24 #2844 a3 m&ol
Ve oA & AH9 3717} lem 01

A GEARS FDG kA A S vy

T T 60 w. oo 1= AR

o, A7d wWE FDG 39 AEe Fos FAHdE
HolA Fkth(r*=0.04, P=042, Fig. 59 ¥41) webr] A

A A FEALS TRNS ) HYY ok 4T BAE
ZHe =7)e] A-e] FDG A7} REL 2 3ol o8] A
7ve o] AZEAY, A-o] AAHEA 22 HAE 7L ¥t
o FDG A&7 o] "ol AAE 7S AL

27



Tae-Sung Kim, et al. FDG Uptake in the Pathologically Proven Papillary Thyroid Cancer

2 % 9lou} 1 om vighe] A2 AFAAHE FDG A7 1
L A% A7 2 AR Wl R £ AH} F AL
AtE

St

s

Matsuzu 5 reverse-transcribed mRNAo] ™3t real-
time PCR #4] 5% ©] &3 GLUT mRNAY 23S A%
A
o

q

o
At 2A o) GLUTL $AA wralo] 228 2 20a oA 27}
Aty Rysdt? 7 GLUT-1 mRNA®)

H
Bo] Z7hse Aol T=Y

CELIEEEDIE RS
AEee) GLUT-1 994 Z7hehe 23 wEAn 98
A @) WA A SEYel FDG AH $4S
GLUT-1 mRNA %3 <] 7128 4ys/]E o2l 5 9
AAR AR KAl FAEARG B FIG A8
Hol: A% AW WAl B FE UL Aot
OS] ALere] QoM o) Fe Pel B B Ie|A
Q% 7] o4e) A FEYYEC] BF FIGE A

DG PET®] &7 elZE0] v
2 A Aels FDG A5 o)
A ddte e TFHA Aoyt
514 #3t ek FDG 43 A% A
T A7 28X FDGU Mg <S4 HFel A
NISY GLUT-1 &4 o] 23] dAo] thgh A=

[0
o
2
o

o L
(o3

i
o

N
)
=2,
pash
2
S

P
o
o,
2

28

A7k gashinh

2 o

B PASAE 3 AALE G HOlYES B
2 FDG HAE ol WASAE HASA 2 2%
£ FDG PETOIA 2 RQIthy 2alA ok, & ApoAs
4 A ST FDG 43 @barel ofmahA) 2ol
B34 g B 2 P 2eaEs A9FAEE
A FEATE AT BT A AEAEe) A
A @2 08 50] A3 FDG PET/CTES taos ¥
4 B4 Adadth FIG 439 AEE Wie] Fu
ZANT ES HAT Holk AL FAHOE FAT 4 9
E A% PHOE B 184 G AT SHOE hrglo
W, el Ao EFSYAANS(peak SUV)E Thel 1
2719} vlzaleleh, A% FDG 47 FALAL Holk 27
Aol A FEIFE) BF 2718 19414 em (05~

o o

cm) 93, FDG AHE Hol 13 )

cm (0.2~09 cm)olAth /¢4 8 A717F 1 em ©]/del
HE2 (25¢14 cm, 1~5 cm) E%F FDG A3 47
HAT (19/19, peak SUV = 64457, 1.7~22.7). lem "I
o] 2191 ¢] mAIZ S-S F 8dl7F FDG Ad# 447
Hol Wi (8/21, peak SUV = 29+1.3, 1.7~55), 134

AT o [ R = o}

w3 47e BAtHpeak SUV = 12402, 1.1~1.7). HAl
AALE T FDG A Y 24 Hole 49 A7e

AR FEAYES BE FDG 4 PAAe RaEd, o
EOPSAE A B RIEIL N PRAgET
= ol A9 gt 4FH, o2l

References

1. Joensuu H, Ahonen A, Klemi PJ. 18F-fluorodeoxyglucose imaging
in preoperative diagnosis of thyroid malignancy. Eur J Nucl Med
1988;13:502-6.

2. de Geus-Oei LF, Pieters GF, Bonenkamp JJ, Mudde AH,
Bleeker-Rovers CP, Corstens FH, et al. 18F-FDG PET reduces
unnecessary  hemithyroidectomies for thyroid nodules with
inconclusive cytologic results. J Nucl Med 2006;47:770-5.

3. Kresnik E, Gallowitsch HJ, Mikosch P, Stettner H, Igerc I, Gomez
I, et al. Fluorine-18-fluorodeoxyglucose positron emission tomo-



. Helal

graphy in the preoperative assessment of thyroid nodules in an
endemic goiter area. Surgery 2003;133:294-9.

. Kang KW, Kim SK, Kang HS, Lee ES, Sim JS, Lee IG, et al.

Prevalence and risk of cancer of focal thyroid incidentaloma
identified by 18F-fluorodeoxyglucose positron emission tomography
for metastasis evaluation and cancer screening in healthy subjects.
J Clin Endocrinol Metab 2003;88:4100-4.

. Cohen MS, Arslan N, Dehdashti F, Doherty GM, Lairmore TC,

Brunt LM, et al. Risk of malignancy in thyroid incidentalomas
identified by fluorodeoxyglucose-positron emission tomography.
Surgery 2001;130:941-6.

. Uematsu H, Sadato N, Ohtsubo T, Tsuchida T, Nakamura S,

Sugimoto K, et al. Fluorine-18-fluorodeoxyglucose PET versus
thallium-201 scintigraphy evaluation of thyroid tumors. J Nucl Med
1998;39:453-9.

. Sasaki M, Ichiya Y, Kuwabara Y, Akashi Y, Yoshida T, Fukumura

T, et al. An evaluation of FDG-PET in the detection and differentia-
tion of thyroid tumours. Nucl Med Commun 1997;18:957-63.

. Bloom AD, Adler LP, Shuck JM. Determination of malignancy of

thyroid nodules with positron emission tomography. Surgery
1993;114:728-34; discussion 734-5.

. Chung JK, So Y, Lee JS, Choi CW, Lim SM, Lee DS, et al. Value

of FDG PET in papillary thyroid carcinoma with negative 1311
whole-body scan. J Nucl Med 1999;40:986-92.

. Dietlein M, Scheidhauer K, Voth E, Theissen P, Schicha H.

Fluorine-18 fluorodeoxyglucose positron emission tomography and
iodine-131  whole-body scintigraphy in the follow-up of
differentiated thyroid cancer. Eur J Nucl Med 1997;24:1342-8.

. Feine U, Lietzenmayer R, Hanke JP, Held J, Wohrle H,

Muller-Schauenburg  W. Fluorine-18-FDG and iodine-131-iodide
uptake in thyroid cancer. J Nucl Med 1996;37:1468-72.

. Frilling A, Gorges R, Tecklenborg K, Gassmann P, Bockhorn M,

Clausen M, et al. Value of preoperative diagnostic modalities in
patients with recurrent thyroid carcinoma. Surgery 2000;128:
1067-74.

. Grunwald F, Kalicke T, Feine U, Lietzenmayer R, Scheidhauer K,

Dietlein M, et al. Fluorine-18 fluorodeoxyglucose positron emission
tomography in thyroid cancer: results of a multicentre study. Eur J
Nucl Med 1999;26:1547-52.

BO, Merlet P, Toubert ME, Franc B, Schvartz C,
Gauthier-Koelesnikov H, et al. Clinical impact of (18)F-FDG PET
in thyroid carcinoma patients with elevated thyroglobulin levels and
negative (131)I scanning results after therapy. J Nucl Med 2001;42:
1464-9.

%}EH/\-I Q

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

TEARM

N 9 SET0| Al PETOIM ZAM REA0| FOG MY

Schluter B, Bohuslavizki KH, Beyer W, Plotkin M, Buchert R,
Clausen M. Impact of FDG PET on patients with differentiated
thyroid cancer who present with elevated thyroglobulin and negative
1311 scan. J Nucl Med 2001;42:71-6.

Wang W, Macapinlac H, Larson SM, Yeh SD, Akhurst T, Finn
RD, et al. [18F]-2-fluoro-2-deoxy-D-glucose positron emission
tomography localizes residual thyroid cancer in patients with
negative diagnostic (131)I whole body scans and elevated serum
thyroglobulin levels. J Clin Endocrinol Metab 1999;84:2291-302.
Warburg O. On the origin of cancer cells. Science 1956;123:309-
14.

. Higashi T, Saga T, Nakamoto Y, Ishimori T, Mamede MH, Wada

M, et al. Relationship between retention index in dual-phase
(18)F-FDG PET, and hexokinase-II and glucose transporter-1
expression in pancreatic cancer. J Nucl Med 2002;43:173-80.

Aloj L, Caraco C, Jagoda E, Eckelman WC, Neumann RD. Glut-1
and hexokinase expression: relationship with 2-fluoro-2-deoxy-D-
glucose uptake in A431 and T47D cells in culture. Cancer Res
1999;59:4709-14.

Haberkorn U, Ziegler SI, Oberdorfer F, Trojan H, Haag D, Peschke
P, et al. FDG uptake, tumor proliferation and expression of
glycolysis associated genes in animal tumor models. Nucl Med Biol
1994;21:827-34.

Matsuzu K, Segade F, Wong M, Clark OH, Perrier ND, Bowden
DW. Glucose transporters in the thyroid. Thyroid 2005;15:545-50.
Matsuzu K, Segade F, Matsuzu U, Carter A, Bowden DW, Perrier
ND. Differential expression of glucose transporters in normal and
pathologic thyroid tissue. Thyroid 2004;14:806-12.

Schonberger J, Ruschoff J, Grimm D, Marienhagen J, Rummele P,
Meyringer R, et al. Glucose transporter 1 gene expression is related
to thyroid neoplasms with an unfavorable prognosis: an
immunohistochemical study. Thyroid 2002;12:747-54.

Haber RS, Weiser KR, Pritsker A, Reder I, Burstein DE. GLUT1
glucose transporter expression in benign and malignant thyroid
nodules. Thyroid 1997;7:363-7.

McDougall IR, Davidson J, Segall GM. Positron emission
tomography of the thyroid, with an emphasis on thyroid cancer.
Nucl Med Commun 2001;22:485-92.

Joensuu H, Ahonen A. Imaging of metastases of thyroid carcinoma
with fluorine-18 fluorodeoxyglucose. J Nucl Med 1987;28:910-4.
Simpson WJ, McKinney SE, Carruthers JS, Gospodarowicz MK,
Sutcliffe SB, Panzarella T. Papillary and follicular thyroid cancer.
Prognostic factors in 1,578 patients. Am J Med 1987;83:479-88.

29



