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Background and Objectives We investigated the expression of glucose uptake transporter-1
(GLUT-1) and epidermal growth factor receptor (EGFR) in the head and neck squamous cell
cancer (HNSCC) and their influence on survival rate. We also aimed to demonstrate the relation-
ships between the expressions of GLUT-1 and EGFR and the maximal standardized uptake values
(mSUV) of fluorine-18 fluorodeoxyglucose positron emission tomography (FDG-PET).

Subjects and Method Surgical specimens from 50 patients with HNSCC, who had under-
gone surgical intervention, were first processed for tissue array and then for immunochemistry
for GLUT-1 and EGFR. Expressions of GLUT-1 and EGFR were analyzed according to the dif-
ferentiation of tumor, T & N stage and invasiveness of the tumor etc. The relationship between
PET-mSUYV and the expressions of EGFR and GLUT-1 was evaluated as well as its possibility
as a prognostic factor of SUV.

Results The expression of EGFR was significantly high in the lymph node of the positive
group. Associated with the expression of GLUT-1, a tendency of increased index score (IS)
values in the advanced T stages was observed but it was not statistically significant. The
mSUV in FDG-PET showed statistically significant association with the maximal tumor size
(pearson correlation 0.569, p=0.023) ; however, no association with GLUT-1 and EGFR was
observed. A universal strong expression of GLUT-1 could have made it difficult to figure out
statistically significant correlations. Disease free survival was to be influenced by T stage, mo-
derate and poor differentiation and GLUT-1 expression. Only the T stages had independent
significance in the multivariate analysis using the Cox regression model.

Conclusion We found that the expression of GLUT-1 could not show statistically significant
correlation with PET-mSUV. Since the expression of EGFR has significant correlation with lymph
node metastasis, EGFR may have the possibility of being a target for anticancer molecular therapy.
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o} A3+ glucose ©]2]ol = fluorine—18 fluorodeoxy-
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Table 1. GLUT-1 and EGFR expression

60.3, p=0.048).
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Sl (pearson correlation coefficient r=0.569, p=0.023)
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GLUT-1 EGFR
" Mean IS p-value Mean IS p-value
Differentiation
Well 14 (43.8%) 315.7+47.8 .802 187.5+51.4 210
Moderate 13 (40.6%) 335.0+24.8 176.9+45.4
Poorly 5 (15.6%) 324.0+84.0 196.0+£80.7
Tstage
T, 12 25 (78.1%) 312.6+30.6 073 172.0+£34.9 126
13,74 7 (21.9%) 368.5+28.8 229.3+56.9
N stage
NO 24 (75%) 319.8+£29.0 .508 167.0+33.4 .048
N+ 8 (25%) 340.0+58.0 236.9+60.3
Tumor border
Expanding 6 (18.8%) 267.5+86.4 .143 143.31£66.6 .148
Infiltrating 24 (75%) 343.3+23.6 201.5+35.2

Evaluating the relationship between differentiation of fumor, T & N stage, invasiveness of the tumor and expression of GLUT-1 & EGFR,
EGFR was significantly highly expressed in lymph node positive group. Expression of GLUT-1 had a increasing tendency in advanced
T stage but it was not statistically significant. GLUT-1: glucose uptake transporter-1, EGFR: epidermal growth factor receptor, IS: Index

score
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Fig. 1. The correlation between mSUV and size, GULT-1, and EGFR. There was a positive correlation between mSUV and maximum
size of tumor (r=0.569, p=.023)(A). There was no significant correlation between mSUV and GLUT-1 expression (r=-0.002, p=.806)(B).
There was no significant correlation between mSUV and EGFR expression (r=0.003, p=.554)(C). GLUT-1: glucose uptake transporter-1,
EGFR: epidermal growth factor receptor, mSUV: maximal standardized uptake value, IS: index score.
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Fig. 2. Survival analysis according to the various factors. Disease free survival according to location of tumor (p=0.394)(A), GLUT-1 in-
dex score (p=0.05)(B), T stage (p=0.002)(C), EGFR index score (p=0.249)(D), differentiation (well -moderate, well-poor, moderate-poor,
p=0.124, 0.446, 0.029 respectively)(E) and nodal metastasis (0=0.408)(F) were illustrated. GLUT-1 index score, T stage, EGFR index
score and differentiation of tumor had significant influence on survival rate in univariate analysis. GLUT-1: glucose uptake transporter-1,
EGFR: epidermal growth factor receptor, mSUV: maximal standardized uptake value, IS: index score. DisFreeSur: disease free sur-

vival, Cum survival: cumulative survival.

Table 2. Multivariate analysis

Variables p-value
Stage Tl and T2

T3 and T4 0.006
GLUT-1 1S <300

=300 0.133
Differentiation Well differentiated

Moderately differentiated 0.312

Poorly differentiated 0.766

Among the parameters, only T stage had independent signific-
ance in multivariate analysis. GLUT-1: glucose uptake transpor-
ter-1, ISt Index score

o= BAIF R Ftl oLt GLUT-1 % EGFRE] 2
H Ao} mSUV =& Aol JtH(Fig. 1).

AE 4 9 7Y BEE
Disease free survival> T1, 29717} T3, 471Xtk
FARCE =4 YERITH(p=0.002). B A F5
5 23 Hole A97F ARSEE Hole AR o
A AEEo] =3t (p=0.029). B3 GLUT—1 IS7} 300
HleiRl 73971 300 o<l A-¢-rrt AEgo] =4 vER
tH(p=0.05). Cox regression model& ©]-4-3+ multivari-

ate analysisellA= THY |7} 554 $24S ¥ (Fig.
2, Table 2).

X F

FAF 39 AEgelA GLUTY Fhdd &3]

T aolH ol ©XA Hol, EEslt o % 4l X
Q371 eh FEEY vk 4 A °1~Eﬂ £3] GLUT-
1, 3, 4= glucosedl AthA o7 =& 3 EE Holn GL-
UT-1, 3& g=xd o7} 21+ HNSCC §]'X}°ﬂ}‘1 =&

HHCE Holth= Zo] Hyy vl 9ok” GLUTE 24
Eold o7 dEEE 540] 9o GLUT-12 52 Y

9} d3t 2Fof|, GLUT—2% 7k 314, A% 9 ol B
L= EO]F_, GLUT-3& & 223 95 AlZolM F2 2
o] A ety oF A= Z7 }9 glucose transpor-
S ]ﬁ,_ Ey/].xq oz
o Al = 9ls ]"43} fluorine—18 fluorodeoxy—
glucose (FDG) & olix|gd oz o]g3t 4= 9lt}t. FDGE gl-
ucose FEAZE FZ glucoseE F NUA|Y 07 ALg3IH
W A]shAQl o)A glucose?] o]§0] F7lsh= 54
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& Ad AE el FFHo] giek?

ok AEES) olejgt 54d& o]&-ste] FDG—PETe] o %
28] 271 XJ% Wl Wl W ol eE Jhsskal AR A
& AFE b B & T v T EE B9y
otk Minn 572 3749 F74% A AE ¢t SAjelA
FDG-PET?] %2 SUV7H % 3t o 5o} ¥ O‘E}i Els
¥ 31913, Kunkel 598 34 B} =& SUVE 7k
Aol A | EE} B d‘?lr o Bl }‘E&EO] frelat
Al Fekgles Bal sl 2 AtellA= SUVZE 9%
o] At 718} o] AJHIAE 7Y BAACE 9
AE HERA ZBllal AESes Fasiolon, wt
GLUT-1°]v EGFRE] & A=} 4 dA7E sisdet
(Fig. 1). 1= Mei Tiano] st ZAvle} v]5zshd], 7H2}
o 919 o T A4A| 2 “76200 Az} 5 MEL] 4
HlEo] Y23 GLUT-19] 4¢ 9534 Hu; £ A
oA ol o “}01 =7] wizel iAo ® A5 Al
Tde] EA 78 SUVE =49 GLUT-19] 24
S =3, ‘ﬂ&rfﬁi T AT ARk vlEo] = A
SUVEF GLUT-10] 55 A veht dspd o GLUT—
LAy} SUVE Aol "ojxitkar s3It 2 kel &
St Ol SkAjollA] dRbF o2 SUVZE Aod 41
Kol 3kt 1ke] SAIEE] ztolE yERfZ]el A7
3L, FF AlEe} dF A NE Tz Alskx ]
o} 7719 JaE AEs] Wkl oJHA o T
717F & 75 SUVE 9] A3 #AIZ AAARE T
ol A5 MEZF AASkE BlEe] wet GLUT-12] &
A= Zel7r §lar, Fokoll whet @ = GLUT subtype
o] o] 717 EAE = 3= 7FsA 2 hexokinase enzy-
me system¥} 122 & A3 9} #AAE o} E H27F F9F vf
t} 7|ojeh= Fato] e 4 Alths 7hsAO® o <1F-e]
AYE A 4 9ls Aotk

E3F GLUT-1 IS7}F 300 m]RIQl Z-9- 300 o)/d?l 74
T Hoh SAFCE folst AEEY T JUERIAT
(p=0.05) oHA%F EAA] pgro] 0.133°0.% 552 T4
= @Az EslGlt $Af B 7 F Solubd o] gk
b 4= Qls Aotk 1v]a GLUT-10] €324 Hol7t
A= FAtel A Lilo] FrhETh=" AFHashs e o
W AiollA= o] Sl A0 E YERst=d(Table 1)
71 AT 5’:"2% 3872 HNSCC A2 59 4
of, et HEHAQE 1o, Aokt 49, et 124, A5+
W 14, cheilocarcinoma 39, gingival cancer 49|, hy-
popharynx 2¢, st} et 1o & vhekst +735 et
AR 3= gl Aol vl | A= 7 254, F
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¥ 4

826

o

{

F9] 10902 Hla @Elo] glo] BAEY A )
4 T xjo] wl ok Hoid 2l zo] AJek 4l nH]-go]
Tk o] o]l kel giele] B 5 olct,
2ol o Azl ghold Bt el £ Azt
12w gl 2% B el Bael oy
ol & EGFRo|th. EGFR2 ErbB A49] &
= tyrosine kinase activityE XY™ AM3E F21 AE
AbS] SlAl, Bk A, A, Aolel 2 T A, A
el FQ3 FAAE 7 g P, Skp29}t A¢kH

¢
o
o
M

KR
=

;2
NI

>
i
v
S rlo
Mo

X
i

ST
o g

ol

ol M3 8y 7|5 sk 9ehs gkt 19994
Etienne 52 5735 H3 A|EYo|A EGFRE FHit&o]
s B7] 2 vt oSl A o] Qlokar #hatst vl 9l

o1 2008 Carracedo 592 497 ¢] HNSCC 2t
% °F 49%°14 EGFRo] ZatA |AE = Aa 491 & 5
5] Fx4 Hol gkatelA o A4 o]l dite] YEhdEs
B 8193, Skp2e] #ido] EAACR o 9= A
79} do] tkal st Erlotinibd 22
oF glkﬂ]J pZ/,] A}k ZAS 23+ EGFRY) 0411]:
HIASEA Figtell A A5 a8A4do] 5% Bt alom,
1980th 74+ O%E‘OM EGFRE 340 % 3 ty-
rosine kinase inhibitor¢! gefitinib % ¢lAF2&lo] 2138
vE QL= SFAlel] 48] Hgo] AIlH A0RE Kk
01 G A2 A 8H Y] TFsAE AT e w
£ EGFR zFek 2417} 270931 =] A YollA tyro-
sine kinaseE #|5K= erlotinib, gefitinib¥} 72 2F =
A}t F=gAlof 25 2ol 248k cetuximab¥} 2 A
2 q,_roi X /\ 01_]_ = I;Hxl— x]x]-ol— ul ‘:731:10 oﬂ ﬂ]
d 3] gy} 99U cetuximabe] A 7 Ay
AME =i oFAleleh Y EGFRO) AEEY} et Ak
AE HERA = 58N (p=0.249), o]xe] B e} 1]
23| 2 Aol 359 $kA} RFellA] EGFRE] W
o] S8 aL, Hxd o7t Q= FtellA] EGFRE]
IS7} F12d Hol7t Sl SEpollA Hot A o= /2
SHAl A vepde] #EEITH167.0+33.4 vs. 236.7+
60.3, p=0.048). 3HAIF thgk EA ol X = H7IQIAbEA
o] TeAe devl Asigtel wet EGFR 32 A5l o
S AH TFsE =ol7] SlsiMeE ekl Eis o=
$k A7 B eqmdTkalL sl
ARAOoR B AT GLUT-1& BE 0% 49 A
3Gt ZsiAl o] Ho] Wk o] Zpol7} mlu]a)
o] PETIX¢] mSUV#EE] WslE ®7]= ofgfglom, it
o] ¥71¢} #dsto] EGFRE] o] fxd o)} {2t
W& 1o targeted therapy o] 40 2M°| 7hsd&

=9

r
o

jﬂto&i‘

olu]

1



Effect of Over-Expression of GLUT-1 and EGFR on Survival Rate I Lee JE, et al.

Al 4 AT,

Acknowledgments

This study was supported by the Korea Research Foundation Grant
funded by the Korean Government (KRF-2008-E00042) .

REFERENCES

1) Oehr P, Ruhlmann J, Biersack HJ. FDG-PET in clinical oncology; re-
view of the literature and report of one institution’s experience. J In-
vesting Med 1999;47 (9) :452-61.

Isselbacher KJ. Sugar and amino acid transport by cells in culture-dif-
ferences between normal and malignant cells. N Engl J Med 1972;
286 (17):929-33.

Reisser C, Eichhorn K, Herold-Mende C, Born Al, Bannasch P. Ex-
pression of facilitative glucose transport proteins during development
of squamous cell carcinomas of the head and neck. Int J Cancer 1999;
80(2):194-8.

Tian M, Zhang H, Nakasone Y, Mogi K, Endo K. Expression of Glut-
1 and Glut-3 in untreated oral squamous cell carcinoma compared
with FDG accumulation in a PET study. Eur J Nucl Med Mol Imag-
ing 2004;31 (1) :5-12.

Dietz A, Boehm A, Mozet C, Wichmann G, Giannis A. Current as-
pects of targeted therapy in head and neck tumors. Eur Arch Otorhi-
nolaryngol 2008265 Suppl 1:S3-12.

Kunkel M, Reichert TE, Benz P, Lehr HA, Jeong JH, Wieand S, et al.
Overexpression of Glut-1 and increased glucose metabolism in tumors
are associated with a poor prognosis in patients with oral squamous
cell carcinoma. Cancer 2003;97 (4) :1015-24.

Zhou S, Wang S, Wu Q, Fan J, Wang Q. Expression of glucose trans-
porter-1 and -3 in the head and neck carcinoma-the correlation of the
expression with the biological behaviors. ORL J Otorhinolaryngol Re-
lat Spec 2008;70(3) :189-94.

Mantych GJ, James DE, Chung HD, Devaskar SU. Cellular localizat-
ion and characterization of Glut 3 glucose transporter isoform in hu-
man brain. Endocrinology 1992;131(3):1270-8.

2

=

3

N

4

z

5

i

6

N

7

=

8

<

9) Minn H, Lapela M, Klemi PJ, Grénman R, Leskinen S, Lindholm P,

10

11

12

13

14

15

16

17

= =

=~

z =

=

N3

~

et al. Prediction of survival with fluorine-18-fluoro-deoxyglucose and
PET in head and neck cancer. J Nucl Med 1997;38 (12) :1907-11.
Woodburn JR. The epidermal growth factor receptor and its inhibition
in cancer therapy. Pharmacol Ther 1999;82 (2-3) :241-50.

Etienne MC, Pivot X, Formento JL, Bensadoun RJ, Formento P, Das-
sonville O, et al. A mutifactorial approach including tumoral epider-
mal growth factor receptor, p53, thymidulate synthase and dihydropy-
rimidine dehydrogenase to predict treatment outcome in head and neck
cancer patients receiving 5-fluorouracil. Br J Cancer 1999;79 (11-12):
1864-9.

Carracedo DG, Astudillo A, Rodrigo JP, Suarez C, Gonzalez MV.
Skp2, p27kipl and EGFR assessment in head and neck squamous cell
carcinoma: Prognostic implications. Oncol Rep 2008;20 (3) :589-95.
Mendelsohn J, Baselga J. The EGF receptor family as targets for can-
cer therapy. Oncogene 2000519 (56) :6550-65.

Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro
A, et al. Cetuximab monotherapy and cetuximab plus irinotecan in ir-
inotecan-refractory metastatic colorectal cancer. N Engl J Med 2004;
351(4):337-45.

Herbst RS, Arquette M, Shin DM, Dicke K, Vokes EE, Azarnia N, et
al. Phase II multicenter study of the epidermal growth factor receptor
antibody cetuximab and cisplatin for recurrent and refractory squa-
mous cell carcinoma of the head and neck. J Clin Oncol 200523 (24) :
5578-87.

Vermorken JB, Trigo J, Hitt R, Koralewski P, Diaz-Rubio E, Rolland
F, et al. Open-label, uncontrolled, multicenter phase II study to eva-
luate the efficacy and toxicity of cetuximab as a single agent in pa-
tients with recurrent and/or metastatic squamous cell carcinoma of the
head and neck who failed to respond to platinum-based therapy. J
Clin Oncol 2007;25 (16) :2171-7.

Bonner JA, Maihle NJ, Folven BR, Christianson TJ, Spain K. The in-
teraction of epidermal growth factor and radiation in human head and
neck squamous cell carcinoma cell lines with vastly diffferent radio-
sensitivities. Int J Radiat Oncol Biol Phys 199429 (2) :243-7.

wwwjkorl.org 827



