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Many malignant epithelial tumors show increased expression of glucose transporter-1 (GLUT-
1) and hexokinase Il (HK-II), both of which are involved in glucose metabolism. GLUT-1
levels are often correlated with prognosis in these tumors. The current retrospective study
was conducted to evaluate the importance of GLUT-1 and HK-ll expression in leiomyosarcoma
(LMS), a malignant uterine non-epithelial tumor with a poor prognosis. The subjects were
23 patients with stage | LMS. Expression of GLUT-1 and HK-ll was evaluated immuno-
histochemically in samples removed surgically, and the MIB-1 index was evaluated as a
measure of cell proliferation. The association of these results with prognosis was examined.
Twenty samples of leiomyoma (LOM), a benign non-epithelial tumor, were used as controls.
Immunohistochemical expression was defined as negative staining (=), weak to sporadic
staining (1+), and strong staining (2+) per microscopic field, respectively. Malignancy was
evaluated in 2000 cells and the MIB-1 index was calculated. Overall survival for LMS was
estimated using the Kaplan-Meier method. Of the LMS cases, 12 were GLUT-1-positive
(52.2%; 2+: 2, 1+: 10) and 15 were HK-II-positive (65.2%; 2+: 1, 1+: 14). GLUT-1 expression
in LMS was significantly correlated with the MIB1 index. The 10-year survival rates were
90.9% and 58.3% in GLUT-1-negative and GLUT-1-positive cases, respectively, and 75.0%
and 73.3% in HK-lI-positive and HK-ll-negative cases, respectively. GLUT-1 expression was
significantly correlated with prognosis. Cases of stage | LMS showed a significant correlation
between the expression level of GLUT-1 and the MIB-1 index, an indicator of malignancy.
GLUT-1-negative cases had a better prognosis than GLUT-1-positive cases, suggesting that
GLUT-1 expression is an effective prognostic marker.
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I. Introduction

Leiomyosarcoma (LMS) is a malignant uterine non-
epithelial tumor that accounts for 1% to 3% of all malignant
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tumors in women. LMS has a poor prognosis, since the
primary tumor is likely to undergo recurrence and metastasis
[7]. Tissue necrosis and higher mitotic rates are important
indicators for malignancy and prognosis [18, 29, 40]. More
than 80% of cases of stage III LMS show recurrence and
metastasis and the 5-year survival rate in cases of stages
II-1V is approximately 8%, indicating an extremely poor
prognosis [9, 33]. Surgery is the first option for LMS
treatment; however, even if LMS is in the early stage and

© 2012 The Japan Society of Histochemistry and Cytochemistry



148 Tsukada et al.

can be completely removed, distant metastasis to the lung
often occurs and results in a poor long-term prognosis
[22]. Radiotherapy and combination chemotherapy with
doxorubicin have also been used for LMS, but treatment
outcomes remain poor [22, 34].

Many malignant epithelial tumors show increased
glucose uptake [42]. Expression of glucose transporter-1
(GLUT-1) is often increased in malignant hypoxic cells and
hexokinase II (HK-II) expression also increases. This causes
resistance to radiotherapy and chemotherapy and enhanced
recurrence and metastasis, which underlie the close relation-
ship of GLUT-1 expression with prognosis [2, 10, 15, 28,
37]. In a clinicopathologic study of epithelial ovarian cancer,
we found increased GLUT-1 expression and strong expres-
sion of hypoxia inducible factor-1 (HIF-1a), with a clear
increase in glucose uptake. Similarly, high expression levels
of HIF-la and GLUT-1 have been shown in clear cell
carcinoma, which also has a poor prognosis and is common
in Japanese patients [16, 43]. Thus, the current study was
performed to examine expression of GLUT-1 and HK-II
and the relationship of these data with the long term
prognosis of LMS, which has not been examined in previous
studies.

II. Materials and Methods

Patients and treatments

The subjects were 23 patients (mean age: 51.5 years
old; range: 35-70 years old) with clinical stage I LMS who
underwent hysterectomy between March 1987 and May
2005 in our hospital. Adjuvant chemotherapy were per-
formed in 14 patients (61%) (CYVADIC, n=12, 86%;
cyclophosphamide 500 mg/m? and doxorubicin 50 mg/m?
on day 1, vincristine sulfate 1.5 mg/m? on days 1 and 5, and
dacarbazine 250 mg/m? on days 1 through 5 for three to
five monthly cycles); IAP, n=1, 7%; doxorubicin 50 mg/m?
and cisplatin 50 mg/m? on day 1 and ifosfamide 1000
mg/m? on days 1 through 5 for three monthly cycles; and
weekly TC, n=1, 7%; paclitaxel 60 mg/m? and carboplatin
AUC 1.7 on day 1 for 16 weekly cycles). The benign con-
trols were 20 specimens of uterine leiomyomas that were
removed surgically in the same period. At least 2 sections
were isolated from each tumor and a tumor with at least
one stained section was judged to be positive. The study
was approved by the institutional review board and informed
consent was obtained from all patients.

Immunohistochemistry and histological examination

Formalin-fixed and paraffin-embedded tissue blocks
were cut into 4-um sections for immunohistochemistry and
hematoxylin and eosin staining.

The presence of a malignant mesenchymal tumors
was examined based on positive staining for SMA (Sigma
1A4, Sigma Chemical Co., St. Louis, MO), vimentin (clone
V9, DakoCytomation, Glostrup, Denmark), desmin (clone
D33, DakoCytomation, Glostrup, Denmark) and MIB-1
(Ki-67/clonal MIB1, DakoCytomation, Glostrup, Denmark),

and negative staining for CD34 (QBEnd/10, Novocastra,
Newcastle, UK) in an initial histological examination.

GLUT-1 expression was evaluated immunohistochem-
ically using rabbit polyclonal anti-human GLUT-1 antibody
(DAKO, Carpinteria, CA, USA) at a dilution of 1:50. HK-
II expression was evaluated with a polyclonal rabbit anti-
HK-II antibody (Chemicon International, Inc., Temecula,
CA) diluted at 1:500. The sections were washed and then
incubated with anti-rabbit IgG conjugated to horseradish
peroxidase-labeled-dextran polymer (EnVision Kit, DAKO)
for 60 min at room temperature. The extent of GLUT-1 and
HK-II expression was assessed semi-quantitatively accord-
ing to the following scoring scheme: negative staining (-),
weak to sporadic staining (1+), and strong staining (2+). In
judging the staining level, erythrocytes and pancreatic tissue
were used as positive controls for GLUT-1 and HK-II,
respectively.

The histological grade of LMS was evaluated by two
expert pathologists by counting of 2000 cells, with >20
mitosis events in 10 microscopic fields judged to be positive.
These data were used to calculate the MIB-1 index for cell
proliferation.

Statistical analysis

The relationship between immunohistochemical scores
and MIB-1 index was determined by linear regression for
the GLUT-1 and HK-II data. Survival curves related to
immunoreactivity were constructed using the Kaplan-Meier
method and assessed by log-rank test. P<0.05 was considered
to indicate significance in all analyses.

III. Results

Hematoxylin & eosin and immunohistochemical staining
Malignant mesenchymal tumors identified from posi-

tive staining for SMA, vimentin, desmin and MIB-1 and

negative staining for CD34 were excluded from the study

(Fig. 1).

GLUT-1 and HKII expression, and MIB-1 index

Of the 23 cases of stage [ LMS, 12 (52.2%) were
GLUT-1-positive, including 2 2+ and 10 1+ cases; and 15
(65.2%) were HK-II-positive, including 1 2+ and 14 1+
cases (Table 1, Figs. 2, 3). The MIB-1 index was >5% in
10 cases and <5% in 13 (Fig. 4). Of the 20 benign controls,
2 (10%) were GLUT-1-positive, 4 (20%) were HK-II-
positive, and all showed 1+ staining. MIB-1 was negative
in all control specimens (Table 2).

Relationships of GLUT-1 and HK-II expression with the
MIB-1 index

GLUT-1 expression levels showed a significant corre-
lation with the MIB-1 index (R?>=0.403, p=0.0011, Fig. 4).
In contrast, there was no correlation between HK-II
expression and the MIB-1 index (p=0.703, Fig. 5).
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Fig. 1. Malignant mesenchymal tumors detected with hematoxylin-eosin (HE) staining, positive immunostaining for SMA, vimentin, desmin

and MIB-1, and negative immunostaining for CD34. Bar=100 um.

Fig. 2. Immunohistochemical staining showed strong GLUT-1
expression in sarcoma cell membranes. Bar=100 pm.

Survival curves based on GLUT-1 expression and HK-11
expression

The Kaplan-Meier estimates of overall survival (OS)
at 10 years for LMS were 90.9% in the GLUT-1-negative
group and 58.3% in the GLUT-1-positive group, showing

Fig. 3. Immunohistochemical staining was strongly positive for
hexokinase (HK)-II in sarcoma cells. Bar=100 pm.

a significant difference in prognosis (Fig. 6). The Kaplan-
Meier estimates of OS at 10 years were 75.0% and 73.3%
in the HK-II-negative and HK-II-positive groups, with no
significant difference between these groups (Fig. 7).
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Table 1. Characteristics of patients with stage I uterine leiomyosarcoma

. Expression MIB-1 Tumor size
Case Age Operation Chemotherapy Index maximum
GLUT-1 HK 1T (cm)
1. 48 ATH+RSO N -) -) 0.2 3
2. 36 Myomec — ATH+BSO CYVADIC =) (1) 0.4 5
3. 38 Myomec — ATH+BSO+PLN CYVADIC ) (1+) 0.8 10
4. 59 ATH+BSO CYVADIC -) (1+) 1.1 5
5. 35 ATH+BSO N -) (1+) 0.1 5
6. 62 ATH+BSO CYVADIC -) -) 2.7
7. 52 ATH+BSO CYVADIC -) -) 33 10
8. 42 ATH N -) (1+) 2.8 6
9. 52 ATH+BSO N -) ) 1.6 13
10. 61 ATH+BSO N (1+) (1+) 0.3 8
11. 57 ATH+BSO+PLN CYVADIC (1+) -) 5.2 11
12. 64 ATH+BSO+PLN N (1+) -) 37.8 7
13. 58 ATH+BSO CYVADIC (2+) (1+) 23.7 8
14. 70 ATH+BSO N 1+) (1+) 1.9 8
15. 44 ATH+BSO CYVADIC (2+) (1+) 20.0 6
16. 66 ATH+BSO IAP (1+) (1+) 15.0 12
17. 48 ATH+BSO CYVADIC (1+) (1+) 31.9 7
18. 56 ATH+BSO+PLN+OMT Weekly TC (1+) (2+) 3.1
19. 45 ATH+BSO N -) -) 0.4 5
20. 54 ATH+BSO N -) (1+) 6.3
21. 44 ATH+BSO+PLN CYVADIC (1+) (1+) 30.3 11
22. 45 ATH+BSO CYVADIC (1+) ) 9.7 7
23. 53 ATH+BSO CYVADIC (1+) (1+) 29.2 10

Myomec, myomectomy; ATH, abdominal total hysterectomy; BSO, bilateral salpingo-oophorectomy; RSO, right salpingo-oophorectomy; PLN,
pelvic lymph adenectomy; OMT, omentectomy; N, no treatment; CYVADIC, cyclophosphamide, vincristine, doxorubicin and dacarbazine; TC,
paclitaxel and carboplatin.

Table 2. Characteristics of patients with uterine leiomyoma
' ' c (291 o o
Expression Tumor size o)
Case Age ——M I}/HB'I maximum ® 7
GLUT-1 HKII ndex (cm) @ -
1. 56 & (14) 0.0 8 (mu) S .
2 39 © &) 0.0 8 (mu) 3 ()4 o©0o0o o0 O o O
3. 49 ) &) 0.0 6 (mu) - .
4. 38 ©) &) 0.0 14 (mu) - .
5. 46 © © 0.0 3 (mu) O 1
6. 47 (1+) (1+) 0.0 14 (mu) 0 @ o
7. 73 ) =) 0.0 4 (mu) — T T T T T T T T T T
8. 36 ©) ) 0.0 25 (mu) 5 0 5 10 15 20 25 30 35 40 (%)
9. 09 ) (1+) 0.0 5 MIB-1 Index
10. 66 & & 0.0 4 (mu)
1. 27 “ “ 0.0 10 (mu) GLUT-1=0.27+0.034 x MIB-1 index; R2=0.403, p=0.0011
12. 61 (1% ) 0.0 15 (mu) Fig. 4. Simple regression analysis of GLUT-1 expression and the
13. 44 - (1+) 0.0 3 (mu) MIB-1 index.
14. 48 &) & 0.0 6 (mu)
15. 52 &) & 0.0 6
16. >0 © © 0.0 11 (mu) IV. Discussion
17. 47 ©) & 0.0 25 (mu)
18. 46 ©) & 0.0 8 (mu) Uterine LMS is likely to show recurrence and metas-
19. 46 & & 0.0 8 (mu) tasis, even in the early stage, and effective treatment has
20. 47 © o 0.0 17 not been established. In 1985, Omura et al. evaluated 48

' cases of stage I and II uterine LMS in a randomized
(mu): multiple myomas. comparative study, and found recurrence rates of 44% in
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patients given adjuvant chemotherapy of 8 cycles of doxo-
rubicin after resection and 61% in those who underwent
observation only, with no significant difference between the
groups [27]. A more recent randomized phase III trial of
adjuvant pelvic radiotherapy versus observation for stage I
and II uterine sarcomas (carcinosarcoma, leiomyosarcoma
or endometrial stromal sarcoma) indicated that radiotherapy
did not contribute to control of local metastasis or survival

(2+) 1 o)
< -
Qo
7] i
%)
o ]
a
5 W4 a@m» O O O O @O
X 4
I
04 omo o o)
T T T T T T T T T T T T T T T
-5 0 5 10 15 20 25 30 35 40 (%)
MIB-1 index p=0_703
Fig. 5. Simple regression analysis of HK-II expression and the

MIB-1 index.

rate [32]. Hensley er al. conducted a prospective study in
23 cases (stage I: 15, II: 3, III: 1, and IV: 4) of high grade
uterine LMS for a mean period of 49 months after complete
resection, and found that progression free survival (PFS)
at 2 years was 45% after treatment with gemcitabine 900
mg/m? (on days 1 and 8 i.v.) plus docetaxel 75 mg/m? (on
day 8 i.v.) for 4 cycles at 3-week intervals. The PFS in
stage I and II cases at 2-3 years was 59%, which suggested
that adjuvant chemotherapy with gemcitabine plus docetaxel
after complete resection may improve the prognosis of
early stage LMS [13]. Several pilot studies of adjuvant
therapies, including CYVADIC (cyclophosphamide, vin-
cristine, doxorubicin, and dacarbazine) therapy, ifosfamide
single therapy, and API (doxorubicin, cisplatin and ifosfa-
mide) plus radiotherapy have been conducted for early stage
LMS [21, 26, 30], with 3- and 5-year survival rates ranging
from 67% to 89% (one study with CYVADIC therapy had
a 15-year survival rate of 69%).

There is currently no established surgical procedure
or anticancer treatment for uterine sarcoma. This may be
because of the relatively small number of cases of uterine
sarcoma and because the disease is often not diagnosed
before surgery. Cases 1 and 2 were young patients who
underwent myomectomy and were diagnosed with uterine
sarcoma in a postoperative pathologic examination. Con-
sequently, these patients underwent hysterectomy in an

Fig. 6. Survival curves for GLUT-1-positive and GLUT-1-
negative cases of LMS.

Fig. 7. Survival curves of HK-II-positive and HK-II-

(%)
1000 7 90.9% GLUT-1 negative expression ( n=11)
e L L S I |
2 58.3% | GLUT-1 positive expression (n=12)
= 11l 1 ]
©
= —
s 50
> —
n
| Log-rank test; p<0.05
O ) I N I N U N N [N N N AU [ N SN SN N N N — —
0 5 10 15 20 (year)
(%)
100
14- 75.0% | HK-II negative expression ( n=8 )
- :............,. R ' - '
o ———— L. + :
b= 7] 73.3% | HK-II positive expression (n=15)
§ _
2 50 —
> -
n
] Log-rank test; p=N.S.
O 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
0 5 10 15 20 (year)

negative cases of LMS.
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abdominal reoperation. Several small-scale studies have
indicated that CYVADIC chemotherapy improves prognosis
after total hysterectomy and adnexectomy [12, 31, 41]. In
our study, no gross residual tumor was found during lymph
node dissection. Twelve patients (52%) were treated with
CYVADIC chemotherapy and 9 (39%) did not receive this
chemotherapy. Three patients died in each of these groups.
Most previous studies and the current study were performed
at single centers and with a limited number of patients.
Therefore, multicenter randomized clinical trials are re-
quired to establish more reliable evidence of the efficacy
of treatment.

In our previous investigation of different histological
types (serous, mucous, endometrioid and clear cell) of
epithelial ovarian cancer, we found that expression levels
of GLUT-1 and HIFla were correlated in the respective
histological types. Expression of both proteins was espe-
cially high in serous adenocarcinoma, which is frequently
found in epithelial ovary cancer, and clear cell adenocarci-
noma, which is chemoresistant and associated with recur-
rence and metastasis. Histopathologically, these two tumors
have fewer vascular vessels, but have papillary proliferation
and a stratified structure, and cause extensive necrosis in
progression. Therefore, hypoxia is induced as the cancer
progresses, and this leads to strong expression of GLUT-1
and HIF-1a [16, 43].

Many studies have evaluated the relationship between
the expression level of GLUT-1 and progression of epithelial
and gynecologic cancers, with the general finding that strong
GLUT-1 expression is associated with a poorer prognosis
[1,6,11,17,19, 44, 45]. In a study of 67 patients with bone
and soft tissue sarcoma or non-epithelial carcinoma (stage
IA-IVB, 15 different histological types), Endo et al. found
a correlation of prognosis with therapy including surgical
resection and adjuvant chemotherapy (p<0.0001), tumor
differentiation (p=0.017), necrotic grade (p=0.04), mitotic
grade (p=0.0198), MIB-1 grade (p=0.031), and GLUT-1
expression (p=0.029) in univariate analysis of 3-year
survival; but found that metastasis (p=0.031) was the only
significant prognostic factor in multivariate analysis of
overall survival. However, Kaplan-Meier estimates of
overall survival at 5 years were <40% in the GLUT-1-
positive group and 90% in the GLUT-1-negative group,
showing a significant difference in prognosis [8].

In the present study, all the cases of non-epithelial
carcinoma were in clinical stage I, involved uterine LMS
with a single histological type, and were completely
resectable in surgery. Thus, there was less variation in the
subjects in this study in comparison with Endo et al., which
included cases of different histological types and progres-
sion. The 5-year OS of all LMS patients was approximately
74%, and the MIB-1 index and expression level of GLUT-
1 had a significant positive correlation. The 5-year survival
rates were 90.9% and 58.3% in GLUT-1-negative and
GLUT-1-positive cases, respectively. Thus, GLUT-1 expres-
sion was significantly correlated with prognosis in uterine
LSM, as found in previous studies of malignant epithelial

tumors. In contrast, there was no relationship of HK-II
expression with the MIB-1 index or prognosis, and no
significant difference in survival between HK-II-positive
and HK-II-negative cases.

Previous studies have shown that expression of GLUT-
1 and HK-II in epithelial cancer cells, including breast,
esophageal, and lung cancer cells, plays a pivotal role in
glucose metabolism and that the expression levels of GLUT-
1 and HK-II are correlated with malignancy [5, 14, 17, 23,
28, 38]. The subjects of the current study were 23 patients
with LMS associated with non-epithelial malignancy and
the prognosis correlated with the presence or absence of
expression of GLUT-1 in malignant cells, but not with
expression of HK-II. Therefore, it is possible that the
occurrence of malignant cells depends on glucose metabo-
lism, glucose enzyme activity and phosphorylation, but not
on epithelial cell malignancy.

The recent development of ['®F]-fluorodeoxyglucose
positron emission tomography (FDG-PET) allows imaging
based on the difference in glucose metabolism between
malignant and normal cells. Thus, FDG-PET is effective for
detection of early stage malignant tumors, and has high
sensitivity for detection of recurrence and metastasis in
malignant gynecological epithelial tumors [3, 4, 20, 35]. In
the first study of non-epithelial bone and soft tissue sarco-
mas using FDG-PET, Tateishi et al. showed an association
between higher GLUT-1 expression and a higher standard-
ized uptake value (SUV) of ['*F]fluorodeoxyglucose,
thereby suggesting the efficacy of FDG-PET diagnostic
imaging for non-epithelial tumors, as well as MIB-1 grade,
mitotic grade, and tumor differentiation [36].

We have also evaluated FDG-PET for early detection
of recurrence and metastasis of advanced ovary cancer
after treatment. The rates of detection of intraperitoneal and
retroperitoneal metastasis by FDG-PET were 93.9% and
92.9%, respectively, and metastasis was detected in 14 (50%)
of 28 metastatic lymph nodes of normal size. FDG-PET
detected recurrence in 87.5% of CA125-positive patients
with no symptoms and negative results in conventional CT
and ultrasonography [24]. The efficacy of follow-up FDG-
PET was evaluated in patients with uterine LMS, and early-
stage minimal recurrent lesions were detected in patients in
whom conventional CT and ultrasonography did not show
intraperitoneal recurrence. Two of 5 patients underwent
reoperation for a recurrent tumor and survived for one year
or more after surgery.

Benign non-epithelial tumors such as uterine leiomyo-
mas are rarely positive in PET, but such cases should be
followed up carefully because some may be false-positives
[39]. However, FDG-PET is effective for detection of
early-stage intraperitoneal recurrence that may be over-
looked in conventional diagnostic imaging [25]. The
clinicopathological results reported here show that malig-
nant non-epithelial tumors have high glucose metabolic
activity and high GLUT-1 expression, and these findings
support the use of FDG-PET for detection of malignant
lesions.



Long Term Prognosis Expression Glucose Transporter-1 and Hexokinase II Stage I Uterine Leiomyosarcoma 153

V. Acknowledgments

This work was supported in part by Grants-in-aid for
scientific research from the Ministry of Education, Japan
(No. 23592465), and Tokai University Research Aid.

VI. References

1. Airley, R., Loncaster, J., Davidson, S., Bromley, M., Roberts,
S., Patterson, A., Hunter, R., Stratford, I. and West, C. (2001)
Glucose transporter glut-1 expression correlates with tumor
hypoxia and predicts metastasis-free survival in advanced
carcinoma of the cervix. Clin. Cancer Res. 7; 928-934.

2. Airley, R. E., Phillips, R. M., Evans, A. E., Double, J., Burger,
A. M., Feibig, H. H., West, C. M. and Stratford, 1. J. (2005)
Hypoxia-regulated glucose transporter Glut-1 may influence
chemosensitivity to some alkylating agents: results of EORTC
(First Translational Award) study of the relevance of tumour
hypoxia to the outcome of chemotherapy in human tumour-
derived xenografts. /nt. J. Oncol. 26; 1477-1484.

3. Bristow, R. E., del Carmen, M. G, Pannu, H. K., Cohade, C.,
Zahurak, M. L., Fishman, E. K., Wahl, R. L. and Montz, F. J.
(2003) Clinically occult recurrent ovarian cancer: patient selec-
tion for secondary cytoreductive surgery using combined PET/
CT. Gynecol. Oncol. 90; 519-528.

4. Bristow, R. E., Giuntoli, R. L. 2nd, Pannu, H. K., Schulick, R. D.,
Fishman, E. K. and Wahl, R. L. (2005) Combined PET/CT for
detecting recurrent ovarian cancer limited to retroperitoneal
lymph nodes. Gynecol. Oncol. 99; 294-300.

5. Brown, R. S. and Wahl, R. L. (1993) Overexpression of
Glut-1 glucose transporter in human breast cancer. An immuno-
histochemical study. Cancer 72;2979-2985.

6. Cantuaria, G, Fagotti, A., Ferrandina, G., Magalhaes, A., Nadji,
M., Angioli, R., Penalver, M., Mancuso, S. and Scambia, G.
(2001) GLUT-1 expression in ovarian carcinoma: association
with survival and response to chemotherapy. Cancer 92; 1144—
1150.

7. Echt, G, Jepson, J., Steel, J., Langholz, B., Luxton, G,
Hernandez, W., Astrahan, M. and Petrovich, Z. (1990) Treatment
of uterine sarcomas. Cancer 66; 35-39.

8. Endo, M., Tateishi, U., Seki, K., Yamaguchi, U., Nakatani, F.,
Kawai, A., Chuman, H. and Beppu, Y. (2007) Prognostic implica-
tions of glucose transporter protein-1 (glut-1) overexpression in
bone and soft-tissue sarcomas. Jpn. J. Clin. Oncol. 37; 955-960.

9. Gadducci, A., Landoni, F., Sartori, E., Zola, P., Maggino, T,
Lissoni, A., Bazzurini, L., Arisio, R., Romagnolo, C. and
Cristofani, R. (1996) Uterine leiomyosarcoma: analysis of treat-
ment failures and survival. Gynecol. Oncol. 62; 25-32.

10. Griffiths, E. A., Pritchard, S. A., Welch, 1. M., Price, P. M. and
West, C. M. (2005) Is the hypoxia-inducible factor pathway
important in gastric cancer? Eur. J. Cancer 41; 2792-2805.

11. Haber, R. S., Rathan, A., Weiser, K. R, Pritsker, A, Itzkowitz, S.
H., Bodian, C., Slater, G., Weiss, A. and Burstein, D. E. (1998)
GLUT! glucose transporter expression in colorectal carcinoma: a
marker for poor prognosis. Cancer 83; 34—40.

12. Hempling, R. E., Piver, M. S. and Baker, T. R. (1995) Impact
on progression-free survival of adjuvant cyclophosphamide, vin-
cristine, doxorubicin (adriamycin), and dacarbazine (CYVADIC)
chemotherapy for stage I uterine sarcoma. A prospective trial.
Am. J. Clin. Oncol. 18; 282-286.

13. Hensley, M. L., Ishill, N., Soslow, R., Larkin, J., Abu-Rustum,
N., Sabbatini, P., Konner, J., Tew, W., Spriggs, D. and Aghajanian,
C. A. (2009) Adjuvant gemcitabine plus docetaxel for completely
resected stages [-1V high grade uterine leiomyosarcoma: Results
of a prospective study. Gynecol. Oncol. 112; 563-567.

14. Higashi, T., Saga, T., Nakamoto, Y., Ishimori, T., Mamede, M. H.,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Wada, M., Doi, R., Hosotani, R., Imamura, M. and Konishi, J.
(2002) Relationship between retention index in dual-phase (18)F-
FDG PET, and hexokinase-II and glucose transporter-1 expres-
sion in pancreatic cancer. J. Nucl. Med. 43; 173—-180.

Hockel, M., Schlenger, K., Aral, B., Mitze, M., Schaffer, U. and
Vaupel, P. (1996) Association between tumor hypoxia and
malignant progression in advanced cancer of the uterine cervix.
Cancer Res. 56; 4509—4515.

lida, T., Yasuda, M., Miyazawa, M., Fujita, M., Osamura, R. Y.,
Hirasawa, T., Muramatsu, T., Murakami, M., Saito, K. and Mikami,
M. (2008) Hypoxic status in ovarian serous and mucinous
tumors: relationship between histological characteristics and
HIF-lalpha/GLUT-1 expression. Arch. Gynecol. Obstet. 277,
539-546.

Kato, H., Takita, J., Miyazaki, T., Nakajima, M., Fukai, Y,
Masuda, N., Fukuchi, M., Manda, R., Ojima, H., Tsukada, K.,
Kuwano, H., Oriuchi, N. and Endo, K. (2003) Correlation of 18-
F-fluorodeoxyglucose (FDG) accumulation with glucose trans-
porter (Glut-1) expression in esophageal squamous cell carcino-
ma. Anticancer Res. 23; 3263-3272.

Kempson, R. L. and Hendrickson, M. R. (1988) Pure mesenchy-
mal neoplasms of the uterine corpus: selected problems. Semin.
Diagn. Pathol. 5; 172—198.

Kunkel, M., Reichert, T. E., Benz, P., Lehr, H. A, Jeong, J. H,,
Wieand, S., Bartenstein, P., Wagner, W. and Whiteside, T. L.
(2003) Overexpression of Glut-1 and increased glucose metabo-
lism in tumors are associated with a poor prognosis in patients
with oral squamous cell carcinoma. Cancer 97; 1015-1024.
Kurokawa, T., Yoshida, Y., Kawahara, K., Tsuchida, T., Okazawa,
H., Fujibayashi, Y., Yonekura, Y. and Kotsuji, F. (2004) Expres-
sion of GLUT-1 glucose transfer, cellular proliferation activity
and grade of tumor correlate with [F-18]-fluorodeoxyglucose
uptake by positron emission tomography in epithelial tumors of
the ovary. Int. J. Cancer 109; 926-932.

Kushner, D. M., Webster, K. D., Belinson, J. L., Rybicki, L. A,
Kennedy, A. W. and Markman, M. (2000) Safety and efficacy of
adjuvant single-agent ifosfamide in uterine sarcoma. Gynecol.
Oncol. 78;221-227.

Major, F. J.,, Blessing, J. A., Silverberg, S. G, Morrow, C. P,
Creasman, W. T., Currie, J. L., Yordan, E. and Brady, M. F.
(1993) Prognostic factors in early-stage uterine sarcoma. A
Gynecologic Oncology Group study. Cancer 71; 1702—1709.
Mamede, M., Higashi, T., Kitaichi, M., Ishizu, K., Ishimori, T.,
Nakamoto, Y., Yanagihara, K., Li, M., Tanaka, F., Wada, H.,
Manabe, T. and Saga, T. (2005) [18F]FDG uptake and PCNA,
Glut-1, and Hexokinase-II expressions in cancers and inflamma-
tory lesions of the lung. Neoplasia 7; 369-379.

Murakami, M., Miyamoto, T., lida, T., Tsukada, H., Watanabe,
M., Shida, M., Maeda, H., Nasu, S., Yasuda, S., Yasuda, M. and
Ide, M. (2006) Whole-body positron emission tomography and
tumor marker CA125 for detection of recurrence in epithelial
ovarian cancer. /nt. J. Gynecol. Cancer 16; 99-107.

Murakami, M., Tsukada, H., Shida, M., Watanabe, M., Maeda,
H., Koido, S., Hirasawa, T., Muramatsu, T., Miyamoto, T., Nasu,
S., Yasuda, S., Kajiwara, H., Yasuda, M. and Ide, M. (2006)
Whole-body positron emission tomography with F-18 fluoro-
deoxyglucose for the detection of recurrence in uterine sarcomas.
Int. J. Gynecol. Cancer 16; 854-860.

Odunsi, K., Moneke, V., Tammela, J., Ghamande, S., Seago, P.,
Driscoll, D., Marchetti, D., Baker, T. and Lele, S. (2004) Eftica-
cy of adjuvant CYVADIC chemotherapy in early-stage uterine
sarcomas: results of long-term follow-up. /nt. J. Gynecol. Cancer
14; 659-664.

Omura, G. A., Blessing, J. A., Major, F., Lifshitz, S., Ehrlich, C.
E., Mangan, C., Beecham, J., Park, R. and Silverberg, S. (1985)
A randomized clinical trial of adjuvant adriamycin in uterine
sarcomas: a Gynecologic Oncology Group Study. J. Clin. Oncol.



154

28.

29.

30.

31

32.

33.

34.

35.

36.

Tsukada et al.

3; 1240-1245.

Paudyal, B., Oriuchi, N., Paudyal, P., Higuchi, T., Nakajima, T.
and Endo, K. (2008) Expression of glucose transporters and
hexokinase II in cholangiocellular carcinoma compared using
[18F]-2-fluro-2-deoxy-D-glucose positron emission tomography.
Cancer Sci. 99; 260-266.

Pautier, P., Genestie, C., Rey, A., Morice, P., Roche, B., Lhommé,
C., Haie-Meder, C. and Duvillard, P. (2000) Analysis of clinico-
pathologic prognostic factors for 157 uterine sarcomas and evalu-
ation of a grading score validated for soft tissue sarcoma. Cancer
88; 1425-1431.

Pautier, P, Rey, A., Haie-Meder, C., Kerbrat, P., Dutel, J. L.,
Gesta, P, Bryard, F., Morice, P., Duvillard, P. and Lhommé, C.
(2004) Adjuvant chemotherapy with cisplatin, ifosfamide, and
doxorubicin followed by radiotherapy in localized uterine sar-
comas: results of a case-control study with radiotherapy alone.
Int. J. Gynecol. Cancer 14; 1112-1117.

Piver, M. S., Lele, S. B., Marchetti, D. L. and Emrich, L. J.
(1988) Effect of adjuvant chemotherapy on time to recurrence
and survival of stage I uterine sarcomas. J. Surg. Oncol. 38; 233—
239.

Reed, N. S., Mangioni, C., Malmstrom, H., Scarfone, G., Poveda,
A., Pecorelli, S., Tateo, S., Franchi, M., Jobsen, J. J., Coens, C.,
Teodorovic, 1., Vergote, 1. and Vermorken, J. B. (2008) Phase 111
randomised study to evaluate the role of adjuvant pelvic radio-
therapy in the treatment of uterine sarcomas stages I and II: an
European Organization for Research and Treatment of Cancer
Gynaecological Cancer Group Study (protocol 55874). Eur. J.
Cancer 44; 808-818.

Salazar, O. M., Bonfiglio, T. A, Patten, S. F., Keller, B. E.,
Feldstein, M., Dunne, M. E. and Rudolph, J. (1978) Uterine
sarcomas: natural history, treatment and prognosis. Cancer 42;
1152-1160.

Sutton, G, Blessing, J. A. and Malfetano, J. H. (1996) Ifosfamide
and doxorubicin in the treatment of advanced leiomyosarcomas
of the uterus: a Gynecologic Oncology Group study. Gynecol.
Oncol. 62; 226-229.

Takekuma, M., Maeda, M., Ozawa, T., Yasumi, K. and Torizuka,
T. (2005) Positron emission tomography with 18F-fluoro-2-
deoxyglucose for the detection of recurrent ovarian cancer. /nt. J.
Clin. Oncol. 10; 177-181.

Tateishi, U., Yamaguchi, U., Seki, K., Terauchi, T., Arai, Y. and
Hasegawa, T. (2006) Glut-1 expression and enhanced glucose
metabolism are associated with tumour grade in bone and soft
tissue sarcomas: a prospective evaluation by [18F]fluorodeoxy-

37.

38.

39.

40.

41.

42.

43.

44.

45.

glucose positron emission tomography. Eur. J. Nucl. Med. Mol.
Imaging 33; 683-691.

Tian, M., Zhang, H., Higuchi, T., Oriuchi, N., Nakasone, Y.,
Takata, K., Nakajima, N., Mogi, K. and Endo, K. (2005) Hexo-
kinase-II expression in untreated oral squamous cell carcinoma:
comparison with FDG PET imaging. Ann. Nucl. Med. 19; 335—
338.

Tohma, T., Okazumi, S., Makino, H., Cho, A., Mochiduki, R.,
Shuto, K., Kudo, H., Matsubara, K., Gunji, H. and Ochiai, T.
(2005) Relationship between glucose transporter, hexokinase
and FDG-PET in esophageal cancer. Hepatogastroenterology 52;
486—490.

Tsukada, H., Murakami, M., Shida, M., Kikuchi, K., Watanabe,
M., Yasuda, S. and Suzuki, Y. (2009) 18F-fluorodeoxyglucose
uptake in uterine leiomyomas in healthy women. Clin. Imaging
33; 462-467.

Van Dinh, T. and Woodruff, J. D. (1982) Leiomyosarcoma of the
uterus. Am. J. Obstet. Gynecol. 144; 8§17-823.

van Nagell, J. R., Hanson, M. B., Donaldson, E. S. and Gallion,
H. H. (1986) Adjuvant vincristine, dactinomycin, and cyclo-
phosphamide therapy in stage I uterine sarcomas. A pilot study.
Cancer 57; 1451-1454.

Warburg, O. (1956) On the origin of cancer cells. Science 123;
309-314.

Yasuda, M., Miyazawa, M., Fujita, M., Kajiwara, H., lida, T,
Hirasawa, T., Muramatsu, T., Murakami, M., Mikami, M., Saitoh,
K., Shimizu, M., Takekoshi, S. and Osamura, R. Y. (2008)
Expression of hypoxia inducible factor-lalpha (HIF-1alpha) and
glucose transporter-1 (GLUT-1) in ovarian adenocarcinomas:
difference in hypoxic status depending on histological character.
Oncol. Rep. 19; 111-116.

Younes, M., Lechago, L. V., Somoano, J. R., Mosharaf, M. and
Lechago, J. (1996) Wide expression of the human erythrocyte
glucose transporter Glutl in human cancers. Cancer Res. 56;
1164-1167.

Younes, M., Juarez, D., Lechago, L. V. and Lerner, S. P. (2001)
Glut 1 expression in transitional cell carcinoma of the urinary
bladder is associated with poor patient survival. Anticancer Res.
21; 575-578.

This is an open access article distributed under the Creative Commons Attribu-
tion License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




