ENHANCED EXPRESSION OF ANNEXIN A4

TABLE I - SUMMARY OF CLINICAL CHARACTERISTICS OF OVARIAN
CANCER PATIENTS EXAMINED IN THIS STUDY

Histology Mean age (range) FIGO stages Total

1 1 Hi v
CcCC 53 (36-66) 27 5 9 2 43
Endometrioid 53 (28-66) 2 7 4 0 13
Mucinous 53 (28-90) 6 1 1 0 8
SAC 55 (33-81) 9 13 35 5 22
126

Obstetricians) classification system. Patient profiles (age, FIGO
stage) were analyzed against each of the 4 major epithelial ovarian
cancer histological types (CCC, endometrioid adenocarcinoma,
mucinous adenocarcinoma and serous adenocarcinoma). Written
informed consent was obtained for all the cases, and the experimental
protocol was approved by the ethics committee of Osaka University.

Cell lines

Human clear cell carcinoma (CCC) ovarian cancer cell lines
(OVISE, OVTOKO, OVMANA and RMG-1) and serous adeno-
carcinoma (SAC) ovarian cancer cell lines (OVSAHO and
OVKATE) were obtained from the Japanese Collection of
Research Bioresources (JCRB, Osaka, Japan). Cells were main-
tained in RPMI 1640 medium supplemented with 10% fetal bo-
vine serum (FBS) (HyClone Laboratories, Logan, UT) and 1%
penicillin-streptomycin (Nacalai Tesque, Kyoto, Japan) at 37°C
under a humidified atmosphere of 5% CO,.

Protein extraction and 2D-DIGE

Proteins extracts of the cell lines were prepared with the Com-
plete Mammalian Proteome Extraction Kit (Calbiochem, La Jolla,
CA) and stored at —80°C until use. Protein concentrations were
determined with the RC-DC Protein Assay kit (Bio-Rad Laborato-
ries, Hercules, CA) using BSA as the standard. Before 2D-DIGE,
we performed fluorescence labeling, for which the OVISE and
OVSAHO samples were labeled with Cy3 and Cy5 CyDye DIGE
fluorminimal dyes (GE Healthcare Bio-Sciences, Little Chalfont,
Buckinghamshire, UK), respectively. For first-dimension separa-
tion, isoelectric focusing electrophoresis was performed using
ReadyStrip™ (Bio-Rad Laboratories) IPG strips (24 cm, pH3-
1ONL). The labeled proteins (150 pg) were then loaded onto a gel
strip, which was rehydrated in the dark for 12 hr (99,000 Vh) with
the labeled protein sample diluted to 430 ul with a rehydration
buffer (7 M urea, 2 M thiourea, 4% CHAPS, 2 mM TBP, 0.0002%
BPB, 1.0% Bio-lyte 3-10 and 1.2% destreak). After isoelectric fo-
cusing, proteins were reduced in an equilibration buffer (50 mM
Tris-HCI containing 6 M urea, 20% v/v glycerol and 2% SDS, pH
8.8) containing 20 mg/ml DTT for 40 min followed by carbamido-
methylation in the equilibration buffer containing 25 mg/ml iodo-
acetamide for 30 min in the dark, The second-dimension separa-
tion was performed on 10% polyacrylamide gels using the Etan-
Dalt-Six system (GE Healthcare Bio-Sciences) at a constant
wattage of 100 W at 20°C for 3 hr. Gel electrophoresis was per-
formed in the dark, and the gels were scanned with the Typhoon
scanner (GE Healthcare Bio-Sciences).

Protein identification by mass spectromeltry

2D-PAGE was performed in parallel with 2D-DIGE using
OVISE and OVSAHO protein extracts without fluorescence label-
ing. Gels were stained using a Silver Stain MS Kit (WAKO Pure
Chemical Industries, Ltd., Osaka, Japan). Protein spots in a silver-
stained gel, corresponding to the spots of interest in the 2D-DIGE
scanned image, were digested in gel according to a previously
described method,' using sequencing grade modified trypsin
(Promega, Inc., Madison, WI). Digested peptides were then
extracted with 5% TFA in acetonitrile (ACN/DW 50:45), soni-
cated for 5 min and concentrated by evaporation. The peptides
were solubilized with 0.1% TFA in ACN/DW (2:98) and analyzed
by means of LC-MS/MS. For reverse-phase separations, a Magic
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2002 capillary HPLC (Michrom BioResources, Auburn, CA) with
a C-18 RP column (length 15 cm, i.d. 200 pm; GL Sciences Inc.,
Tokyo, Japan) was used. The injected peptides were then eluted
with a 30-min linear gradient of 5-65% of solvent B (solvent A:
0.1% formic acid in ACN/DW, 2:98; solvent B: 0.1% formic acid
in ACN/DW, 95:5). The column was directly interfaced to an
LCQ ion trap mass spectrometer (ThermoElectron, San Jose, CA)
equipped with a nanoelectrospray ion source, and data were col-
lected in the double mode that was configured to alternate between
a single full MS scan and an MS/MS scan of the most intense pre-
cursor masses., MS/MS spectra were searched against the human
protein Swiss-Prot database with the aid of the MASCOT search

* program (version 2.1.03; Matrix Science K.K., Tokyo, Japan).

The following parameters were used for the search: enzyme: tryp-
sin, missed cleavage; 1, variable modification; oxidation of
methionines, fixed modification; carbamidomethylation of cys-
teins and monoisotopic peptide masses.

Real-time RT-PCR .

For the quantification of Anx A4 mRNA in different ovarian
cancer cell lines (CCC and SAC), we performed real-time RT-
PCR. Total RNA was prepared from OVISE, OVTOKO,
OVMANA, RMG-1 (CCC), OVSAHO and OVKATE (SAC) cell
lines using an RNeasy Kit (Qiagen Valencia, CA) and cDNA was
synthesized with a SuperScript'™ III Reverse Transcriptase Kit
(Invitrogen, Carlsbad, CA). A standard curve for Anx A4 cDNA
was generated by the serial dilution of plasmid vector DNA, which
encodes the Anx A4 gene. The primer sequences for Anx A4 were
as follows: forward primer, 5'-ggaggtactgtcaaagctge-3' and
reverse primer, 5'-gecactcagtictgacttcag-3'. Primers and cDNA
were added to SYBR green premix (Invitrogen), which contained
all the reagents required for PCR. The PCR conditions consisted
of 1 cycle at 95°C for 1 min and 42 cycles of 95°C for 20 sec,
50°C for 20 sec and 72°C for 30 sec. PCR products were measured
continuously with the My IQ™ Single-Color Real-Time Detec-
tion System (Bio-Rad Laboratories).

Western blotting

Cells and frozen tumor tissue samples were lysed in RIPA
buffer (10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% Nonidet P-
40, 0.1% sodium deoxycholate, 0.1% SDS, 1 mM Na;VO,4 and
1 X protease inhibitor cocktail (Nakalai Tesque)) followed by
centrifugation (13,200 rpm, 4°C, 15 min), after which the superna-
tants were stored at —80°C until use. Protein concentrations were
determined with the DC Protein Assay kit (Bio-Rad Laboratories),
using BSA as the concentration standard. Extracted proteins were
then resolved using 10% Bis-Tris Criterion XT Precast gels (Bio-
Rad Laboratories) and subsequently transferred to PVDF mem-
branes (Millipore, Bedford, MA). The membranes were washed
and blocked with 1% skim milk in PBS containing 0.1% Tween
20 (PBST) and incubated with a goat polyclonal anti-Anx A4 anti-
body (sc-1930; Santa Cruz Biotechnology, Santa Cruz, CA) at a
1:300 dilution. Next, the membranes were incubated with horse-
radish peroxidase-conjugated donkey anti-goat IgG (Santa Cruz
Biotechnology). Finally, the signals were visualized by means of
an enhanced chemiluminescence (ECL) reaction system (Perkin-
Elmer Life Sciences, Boston, MA). For loading control, western
blotting and the subsequent antigen—antibody reaction were per-
formed with GAPDH (Santa Cruz Biotechnology).

Immunohistochemistry

Expression of Anx A4 protein in ovarian cancer patient tissue
sections was immunohistochemically measured with the ABC Kit
(Vector Laboratories, Burlingame, CA). The total number of tis-
sue section samples analyzed was 126 (43 CCC, 13 endometrioid,
8 mucinous, 62 SAC). Sections (3 pm) were prepared from forma-
lin-fixed, paraffin-embedded tissue specimens, deparaffinized and
rehydrated in graded alcohols. For antigen retrieval, the sections
were incubated in a target retrieval solution (DAKO, Kyoto,
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FiGure 1 — Proteomic analysis of OVISE CCC and OVSAHO SAC cell lines. Representative gel images of 3 independent experiments are
shown. A 2D-DIGE gel image of OVISE CCC and OVSAHO SAC cell lines is shown in (a). Green spots correspond to proteins upregulated in
OVISE cells (Cy3 labeled) compared with OVSAHO cells (Cy5 labeled). Red spots correspond to proteins upregulated in OVSAHO cells (Cy5
labeled) compared with OVISE cells (Cy3 labeled). Yellow spots correspond to proteins expressed at the same level in the OVISE and
OVSAHO cell lines. A corresponding silver stain gel image is shown in (b).

Japan) in a hot water bath at 98°C for 40 min. In brief, quenching
endogenous peroxidase with 3% H,0, in methanol for 20 min. Af-
ter treatment with BlockAce (Dainippon Sumitomo Pharmaceuti-
cal, Osaka, Japan) for 30 min at room temperature, the sections
were incubated with a goat polyclonal anti-Anx A4 antibody at
1:100 dilution at 4°C overnight and subsequently incubated with a
biotinylated anti-goat IgG antibody (Vector Laboratories Inc.) at
room temperature for 1 hr. The antibody complex was detected by
incubation with an avidin-biotin-peroxidase complex solution
(Vector Laboratories Inc.) and visualized with 3,3’-diaminobenzi-
dine tetrahydrochloride (MERCK, Darmstadt, Germany). Tissue
sections were counter-stained with hematoxylin. Three gyneco-
logic oncologists (AK., T.M., Y.U.), blinded to the histological
data, reviewed the stained sections. Cases with >90% of tumor
cells staining positively with the anti-Anx A4 antibody were con-
sidered strongly positive (+-++), cases with >50% but <90%
Anx Ad-positive cells medium positive (++), those with <50%
positive cells weakly positive (+) and those with no or hardly any
positive cells were considered negative.

Construction of Anx A4 expression vector

Total RNA from OVISE cells was purified with an RNA-Bee
solution (Tel-Test Inc., Friendswood, TX) and cDNA was pre-
pared with a SuperScript™ III Reverse Transcriptase Kit (Invi-
trogen). To construct the Anx A4 expression vector, cDNA of
human Anx A4 was amplified using KOD-plus (Toyobo Co. Ltd.,
Osaka, Japan) with the following primers: Anx A4 forward primer
5'-ttgacctagagtcatggeca-3’ and Anx A4 reverse primer §'-tttaat-
catctectccacag-3'. The amplified cDNA was then inserted into
pcDNA3.1/V5-His-TOPO vector (Invitrogen) and designated
pcDNA3.1-Anx A4. The DNA sequence of Anx A4 cDNA
inserted into the plasmid was confirmed using the ABI PRISM
3100 Genetic Analyzer (Applied Biosystems, Foster City, USA).

Generation of Anx A4 stable transfectant cells

To generate Anx A4 stable transfectant cells, the OVSAHO cell
line was transfected with pcDNA3.1-Anx A4 using Lipofectamine
2000 (Invitrogen) according to the manufacturers’ instructions, af-
ter which the cells were selected with 500 pg/ml of Geneticin
(GIBCO, Invitrogen, Carlsbad, CA). We also transfected empty
vector into the OVSAHO cell line using the same procedure
described earlier to generate control cells, Stable clones were
maintained in 250 pg/ml of Geneticin. Western blot analysis was
performed to confirm the levels of Anx A4 expression in Anx A4
transfectant cells and empty vector control cells,

Measurement of ICs, values after carboplatin treatment

Anx A4 transfected OVSAHO cells and empty vector control
cells were seeded in 96-well plates (3,000 cells/well) (Costar;
Corning Inc., Corning, NY) for 24 hr and then exposed to various
concentrations (0-150 pM) of carboplatin for 72 hr. The cells were
incubated with 10 pl of Cell Counting Kit-8 (Dojindo, Osaka, Ja-
pan) in 100 pl RPMI-1640 medium for 3 hr. Absorbance at 450
nm was measured with a microplate reader (Bio-Rad Model 680),
and absorbance values were expressed as percentages relative to
those for untreated controls, and the concentrations resulting in
50% inhibition of cell growth (IC5, values) were calculated.

Measurement of intracellular platinum accumulation

Carboplatin accumulation in Anx A4 transfected cells and control
cells was analyzed according to a previouslﬁy established method!”
with minor modifications, In brief, 1.5 X 10° cells were seeded into
a 60-mm tissue culture dish and incubated for 24 hr. The cells were
then exposed to 2 mM carboplatin for 60 min at 37°C and washed
twice with PBS either immediately or after 360 min of incubation
in carboplatin-free RPMI 1640 medium supplemented with 10%
FBS (HyClone Laboratories). After whole-cell extracts were pre-
pared, the concentration of intracellular platinum was determined
by using a polarized Zeeman atomic absorption spectrophotometer
(model Z-8000; Hitachi, Ltd., Tokyo, Japan). The absolute concen-
tration of platinum in each sample was determined from a calibra-
tion curve prepared with a platinum standard solution.

Statistical analysis

Student’s ¢ tests were used for statistical analyses. For the im-
munohistochemical analysis, a nonparametric analysis (the Krus-
kal-Wallis test) was used. A value of p < 0.05 was considered
statistically significant.

Results

Anx A4 expression is elevated in CCC cell lines
compared with SAC cell lines

The protein expression profiles of OVISE (CCC) and OVSAHO
(SAC) cell lines were compared by means of 2D-DIGE analyses
using fluorminimal dye-labeled protein extracts. The resulting gel
images and corresponding silver-stained gels are shown in Figures
la and 1b. Eight proteins highly expressed in OVISE cells and 6
proteins in OVSAHO cells were selected for identification by LC-
MS/MS analysis. The results of these analyses (Table II) revealed
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TABLE II - PROTEINS DIFFERENTIALLY EXPRESSED IN OVISE AND OVSAHO CELL LINES

Spot no. Access. no. Identified protein M (Da) pl Coverage (%)

Proteins upregulated in OVISE cells compared with OVSAHO cells

1 P09211 Glutathione S-transferase P 23,438 5.44 38

2 P09525 Annexin A4 (Annexin IV) 35,957 5.85 49

3 P04792 Heat-shock protein beta-1 22,826 5.98 39

4 Q13011 Delta3,5-delta2,4-dienoyl-CoA isomerase, mitochondrial precursor 36,136 8.16 28

5 P30040 Endoplasmic reticulum protein ERp29 precursor 29,032 6.77 15

6 Q75874 Isocitrate dehydrogenase {NADP] cytoplasmic 46,915 6.53 39

7 P68104 Elongation factor 1-alpha 1 50,451 9.1 14

8 P68104 Elongation factor 1-alpha 1 50,451 9.1 19

Proteins upregulated in OVSAHO cells compared with OVISE cells

1 Q07021 Complement component 1 Q subcomponent-binding protein, 31,742 4.74 14

mitochondrial precursor

2 075947 ATP synthase D chain, mitochondrial 18,405 522 41

3 P30084 Enoyl-CoA hydratase, mitochondrial precursor 31,823 8.34 27

4 P42126 3,2-trans-enoyl-CoA isomerase, mitochondrial precursor 33,080 8.8 10

5 P45880 Voltage-dependent anion-selective channel protein 2 38,639 6.32 25

6 P45880 Voltage-dependent anion-selective channel protein 2 38,639 6.32 25

a OVTOKO, OVMANA, RMG-1 (CCC) cell lines compared with

the OVSAHO and OVKATE (SAC) cell lines.
100
2 8 Enhanced expression of Anx A4 protein in tumors of
< ovarian CCC patients
% 0 Next, we determined whether levels of Anx A4 protein are ele-
3 40 vated in tumors of patients with ovarian CCC compared with other
% 20 ovarian cancers. For this analysis, we performed an immunohisto-
2 chemical study of Anx A4 expression in tumor tissue samples
from a large cohort of ovarian cancer patients (126 patients in

OVISE  OVTOKO OVMANA

RMG4 OVSAHO OVKATE
SAC

ccC

Anx A4

GAPDH

OVISE OVTOKQ OVMANA RMG-1 OVSAHO OVKATE
ccc SAC

FiGure 2 — Real-time RT-PCR and Western blot analysis of levels
of Annexin A4 expression in ovarian cancer cell lines. Levels of
Annexin A4 mRNA in ovarian CCC cell lines (OVISE, OVTOKO,
OVMANA and RMG-1) and in ovarian SAC cell lines (OVSAHO and
OVKATE) were determined by real-time RT-PCR (a). Levels of
Annexin A4 protein in ovarian CCC cell lines (OVISE, OVTOKO,
OVMANA and RMG-1) and in ovarian SAC cell lines (OVSAHO and
OVKATE) were determined by Western blot analysis (b).

enhanced expression of the Anx A4 protein in the OVISE cell line
compared with the OVSAHO cell line.

The specific .overexpression of Anx A4 in ovarian CCC cell
lines compared with that in SAC cell lines was further evaluated
by real-time RT-PCR (Fig. 24) and Western blot analysis (Fig.
2b). As shown in Figure 2a, expression of Anx A4 (mRNA level)
in OVISE, OVTOKO, OVMANA and RMG-1 (CCC) cell lines
was enhanced compared with the OVSAHO and OVKATE (SAC)
cell lines where Anx A4 expression (mRNA level) was barely
detectable. Western blot analysis (Fig. 2b) also demonstrated
enhanced expression of Anx A4 (protein level) in OVISE,

total). In addition, we performed Western blot analysis using sev-
eral frozen tumor tissue samples and compared the results with
those of the immunohistochemical study. Representative immuno-
histochemical staining of Anx A4 in tissue sections from patients
with ovarian cancer revealed intense Anx A4 staining in ovarian
CCC compared with other histological types (Fig. 3a). Positive
staining scores for Anx A4 in tissue sections from patients with
other types of ovarian cancers are shown in Figure 3b. We
observed significantly stronger (p < 0.01) positive staining in tis-
sue sections from patients with ovarian CCC compared with
patients with ovarian endometrioid and serous adenocarcinoma.
Of 43 CCC tissue sections, more than 30 were strongly positive
for Anx A4 (+++) compared with only 5 of the 62 SAC samples.
Western blot analysis showed enhanced expression of Anx A4 in
CCC tumor samples that had demonstrated strong Anx A4 immu-
nohistochemical staining (++-+) but barely detectable expression
of Anx A4 in SAC tumor samples that had demonstrated negative
(—) Anx A4 immunohistochemical staining (Fig. 3¢).

Transfection of Anx A4 ¢cDNA into ovarian cancer cells
enhances resistance to carboplatin treatment
and modulates drug cellular efflux

Because Anx A4 has been demonstrated to perform a functional
role in chemoresistance in some cancer cell lines,”” we determined
whether Anx A4 can also confer chemoresistance to epithelial
ovarian cancer cells. For this study, we generated Anx A4 stably
transfected OVSAHO cells. Figure 4a shows a Western blot analy-
sis of Anx A4 levels inn OVSAHO parent cells, Anx A4 stably
transfected OVSAHO cells and empty vector transfected control
cells. Figure 4b shows cell survival plots for control and
OVSAHO/Anx A4 cell lines after treatment with increasing con-
centrations of carboplatin (0-150 pM). From this analysis, we
determined the ICso carboplatin concentration values for the 2 cell
lines. Higher (approximately double) ICss carboplatin concentra-
tion was observed in the OVSAHO/Anx A4 (ICsq = 42 pM) cells
compared with the empty vector control cells (ICso = 23 uM).
These results demonstrate that Anx A4 can confer chemoresist-
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FiGure 3 — Immunohistochemical analysis of Annexin A4 in ovar-
ian cancer tumors. Levels of Annexin A4 protein in 126 epithelial
ovarian cancer samples were determined by immunohistochemical
analysis. Representative images of tissue sections from CCC (n = 43),
endometrioid (n = 8), mucinous (1 = 13) and serous adenocarcinoma
(n = 62) ovarian cancer patients after immunohistochemical staining
for Annexin A4 (a). Annexin A4-positive staining scores of tissue sec-
tions from ovarian cancer tumors (b). The p value between CCC and
SAC is provided as determined by the nonparametric Kruskal-Wallis
test. Western blot analysis using 5 CCC frozen tumor samples and 5
SAC frozen tumor samples (¢).

ance in ovarian cancer cells. To investigate the molecular mecha-
nisms of chemoresistance induced by Anx A4, we quantitated the
intracellular platinum content after treatment of OVSAHO/Anx
A4 and empty vector control cells with carboplatin. Figure 4c
shows an analysis of intracellular platinum accumulation in
OVSAHO/Anx A4 cells and empty vector control cells after car-
boplatin treatment with or without an additional incubation time
(360 min) in carboplatin-free medium. Significantly (p = 0.0020)
reduced levels of intracellular platinum accumulation were noted
in OVSAHO/Anx A4 cells (OVSAHO/Anx A4 no. 40, 0 min)
compared with empty vector control cells (Control no. 16, 0 min)
when neither cell line underwent additional incubation in carbo-
platin-free medium. Control cells displayed no significant differ-
ence (p = 0.178) in intracellular platinum content between 0 min
and 360 min of additional carboplatin-free incubation time (Con-
trol no. 16, 0 min vs. Control no. 16, 360 min), whereas

Anx A4
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FiGuRrE 4 — Transfection of Annexin A4 ¢cDNA into ovarian cancer
cells confers resistance to carboplatin and decreases intracellular Pt
accumulation. Cell survival (expressed as a percentage relative to con-
trol untreated cells) after 72 hr treatment of OVSAHO/Anx A4 and
empty vector control cells with different concentrations of carboplatin
(Figure 4a). The obtained IC50 values were 42 uM for OVSAHO/Anx
A4 no. 40 and 23 pM for Control no. 16 (not shown in figure). Intra-
cellular platinum content after treatment with 2 mM carboplatin for 60
min with or without after 360 min of incubation in carboplatin-free
medium in OVSAHO/Anx A4 cells and control cells, as determined
by atomic absorption spectrophotometry (Figure 4c).

OVSAHO/Anx A4 cells showed a significant decrease (p =
0.0025) in intracellular platinum content at 360 min as compared
with at 0 min of additional carboplatin-free incubation time
(OVSAHO/Anx A4 no. 40, 0 min vs. OVSAHO/Anx A4 no. 40,
360 min). Furthermore, OVSAHO/Anx A4 cells displayed signifi-
cantly decreased (p = 0.0004) levels of intracellular platinum con-
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tent compared with control cells after an additional 360 min of
carboplatin-free incubation (Control no. 16, 360 min vs.
OVSAHO/Anx A4 no. 40, 360 min), which suggests a role for
Anx A4 in enhancing cellular platinum efflux.

Discussion

The use of carboplatin and paclitaxel for the treatment of ovar-
ian cancers has s égmﬁcantly improved survival rates in patients
with this disease.'> However, of the 4 major histological types of
ovarian cancer, CCC of the ovary is characterized by strong che-
moresistance.” Consequently, patients with this disease are associ-
ated with significantly lower 5-year survival rates than patients
with other histological types of ovarian cancer. 1920 However, the
molecular mechanisms of chemoresistance in this disease have
remained poorly understood. Thus, the identification of proteins
which are involved in chemoresistance in ovarian CCC is of major
clinical importance because these proteins may constitute novel
therapeutic targets in this disease.

In this study, we performed a 2D-DIGE proteomic analysis
using ovarian cancer cell lines for the identification of a candidate
protein associated with chemoresistance in ovarian CCC. We
identified 8 proteins differentially upregulated in OVISE CCC
cells compared with OVSAHO SAC cells (Table II). From among
those 8 proteins, we focused on Anx A4, a calcium-dependent
phospholipid-binding protein, which is localized proximal to the
cell membrane and plays an important role in membrane fluidity
or trafficking.'®

We confirmed by means of both real-time RT-PCR (mRNA lev-
els) and Western blot analysis (protein levels) that expression of
Anx A4 was significaitly enhanced in ovarian CCC cell lines
compared with in non-CCC ovarian cancer cell lines (Figs. 2a and
2b). The findings of our analysis using ovarian cancer cell lines
are in agreement with those of the proteomic study of Morita
et al.,'® in which Anx A4 was identified as being differentially
upregulated in ovarian CCC cell lines (OVISE and OVTOKO)
compared with an ovarian mucinous cancer cell line.

Previous studies have associated Anx A4 protem with chemore-
sistance. For example, in a study of Han er al,'* Anx A4 was
observed to be elevated in a paclitaxel-resistant human lung can-
cer cell line and transfection of Anx A4 cDNA into embryonic
kidney 293T cells to confer resistance to paclitaxel. Because Anx
A4 has been shown to be involved in modulating membrane per-
meability and membrane trafficking,'° it is conceivable that this
involvement may result in modulation of both cellular drug influx
and efflux after chemo-drug treatment. Taken together, these stud-
ies suggest that the strong chemoresistance characteristic of
human ovarian CCC may be due to enhanced expression of Anx
A4. However, it remained unclear whether levels of Anx A4 pro-
tein are significantly elevated in tumors of patients with ovarian
CCC compared with other histological types.

In the study reported here, we, therefore, performed an immu-
nohistochemical analysis of Anx A4 in tumor tissue samples from
126 patients with epithelial ovarian cancer to determine whether
levels of Anx A4 protein are elevated in tumors of patients with
ovarian CCC compared with other epithelial ovarian cancers.
Because treatment with paclitaxel can enhance Anx A4 expression
in cultured cells,!* all patients examined in this analysis had
undergone preliminary diagnosis and had not received chemother-
apy (including carboplatin or paclitaxel) before surgery. The
results of this analysis revealed significantly (p < 0.01) strong
positive staining (enhanced expression) of Anx A4 in tumor tissue
samples from patients with ovarian CCC compared with endome-
trioid and serous adenocarcinoma, which are known to represent
chemosensitive histological types (Fig. 35). Western blot analysis
using frozen tumor samples were compatible with results of the
IHC study (Fig. 3c). Thus, our study was able to demonstrate the
presence of enhanced expression of Anx A4 in tumors of patients
with ovarian CCC. This finding is in agreement with that of our
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proteomic analysis using ovarian cancer cell lines and indicates
that Anx A4 may play a role in tumor resistance to cancer chemo-
therapy in patients with ovarian CCC.

To investigate a relationship between levels of expression of
Anx A4 and patient prognosis, we reviewed clinical outcomes (re-
currence, progression-free survival, etc.) of the 62 SAC patients
including 5 patients with strong (+++)Anx A4 povitive staining
in IHC analysis. Among the 5 SAC patients with high levels of
Anx A4 expression, 2 patients are well and alive with no recur-
rence, whereas the other 2 patients have recurred within 1 or 2
years after treatment and 1 patient was out of follow-up. We have
compared the progression-free survival between these 5 patients
and Anx A4 negative SAC patients and there was no statistically
significant difference between the 2 groups. Because the number
of Anx Ad-positive SAC patients is small, further investigation
will be necessary in a larger cohort of patients.

Although previous studies have demonstrated a role for Anx A4
in conferring chemoresistance to human cancer cell lines, ™ a simi-
lar role in human epithelial ovarian cancer cells was not identified,
and the specific mechanism of chemoresistance that Anx A4 con-
fers was not previously determined. Therefore, we first studied
cell survival after carboplatin treatment to confirm whether Anx
A4 can enhance chemoresistance in epithelial ovarian cancer cells.
We were unable to reduce Anx A4 protein levels in the OVISE
CCC cell line, despite using various strategies (including siRNA),
which may be due to the reported long half-life of Anx A4 protein
(approx1mately 4 days).** We then tested the effect of forced over-
expression of Anx A4 in the OVSAHO non-CCC (SAC) ovarian
cancer cell line in which Anx A4 is not endogenously expressed.
We observed enhanced chemoresistance to carboplatin treatment
in cells that stably expressed Anx A4 compared with empty vector
control cells (Figs. 4a and 4b). Thus, our results demonstrate that
Anx A4 protein plays a role in the enhancement of chemoresist-
ance in epithelial ovarian cancer cells.

We next examined intracellular platinum accumulation in both
Anx A4 expressing ovarian cancer cells (OVSAHO/Anx A4 cells)
and empty vector control cells after carboplatin treatment (Fig.
4c). Our results of carboplatin treatment with no carboplatin-free
incubation revealed significantly reduced levels of intracellular
platinum content in OVSAHO/Anx A4 cells compared with con-
trol cells, which indicates that Anx A4 inhibits cellular platinum
influx and/or promotes cellular platinum efflux. Comparison of the
results for 0 and 360 min carboplatin-free incubation showed that
OVSAHO/Anx A4 cells are more active in promoting cellular
platinum efflux compared with control cells. Taken together, these
results demonstrate that Anx A4 plays a part in the enhancement
of cellular platinum efflux.

Our study has demonstrated for the first time elevated levels of
Anx A4 protein in patients with ovarian CCC and an association
between elevated Anx A4 levels and enhanced chemoresistance to
carboplatin in human epithelial ovarian cancer cells. It has also
found evidence for the first time that Anx A4 confers chemoresist-
ance in part by enhancing drug efflux. Thus, it is conceivable that
the observed strong resistance to cancer chemotherapy (including
carboplatin) specific to ovarian CCC tumors, compared with that
of other epithelial ovarian tumors, is mediated through the
enhanced expression of Anx A4 in patients with this disease.
Therefore, Anx A4 may constitute a novel therapeutic target for
overcoming resistance to cancer chemotherapy in patients with
ovarian CCC. In view of the reported half-life of Anx A4 protein,
such a therapeutic strategy is likely to involve the inhibition of the
function rather than of the expression of Anx A4 in patients with
CCC.
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Objectives. The aim of this study was to evaluate the efficacy of paclitaxel-carboplatin (TC) for recurrent
cervical cancer after definitive radiotherapy and to compare the results with non-taxane containing

platinum-based chemotherapies (NTP).

Keywords:

Methods, The records of 59 consecutive women who had undergone salvage chemotherapy with TC

(n=28) or NTP (historical control, n=31) for recurrence after definitive radiotherapy were retrospectively
reviewed. Primary disease and recurrence data was collected. The activity and toxicity of TC were compared
with those of NTP. The response rate and progression-free survival (PFS) after recurrence were the main
endpoints. Multivariate analysis of prognostic factors for response was performed using the Cox proportional
hazards Tegression model. Survival was calculated using the Kaplan-Meier methods and compared by the
log-rank test,

Results, Overall, TC was well tolerated with a response rate of 67.9% (5 CR and 14 PR}. The median PFS was
7 months for all patients and 10 months for responders. Myelosuppression was the most common toxicity
(grade 3 in 16 patients, grade 4 in 5 patients). On the contrary, NTP showed a response rate of 22.6% with
median and mean PFS of 0 month and 2 months, respectively. When compared, TC was significantly superior
to NTP with regard to its response rate (p = 0.001) and PFS (p<0.0001). Moreover, TC showed significantly
higher activity in patients with adenocarcinoma histology.

Conclusions. Carboplatin-paclitaxel is active and well tolerated in patients with recurrent cervical cancer
after definitive radiotherapy. This combination should be considered as an alternative regimen to cisplatin-

Recurrent cervical cancer
Carboplatin-paclitaxei
Nedaplatin

Cisplatin

Radiotherapy

paclitaxel in this patient population.

© 2009 Elsevier Inc. All rights reserved.

Introduction

Radiotherapy is the major treatment modality for invasive cervical
cancer and can achieve a good treatment outcome in patients with
early-stage disease. However, substantial treatment failure has been
reported to occur in patients with advanced disease [1]. The
recurrence rate is reported to be 10-20% in patients with FIGO stages
Ib-lla, compared to 50-70% in stage HIb-IVa patients [2].

Historically, cisplatin has been the most active single agent for
recurrent cervical cancer. However, its response rate has been
generally low, varying from 17% to 38% with a response duration of
3 to 6 months [3]. Moreover, according to a previous report [4],
recurrences inside the irradiated field showed a lower response to

Abbreviations: AUC, Area under the curve; OS, Overall survival; DFI, Disease free
interval; PFS, Progression-free survival; SCC, Squamous celi carcinoma.
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cisplatin than recurrences outside the irradiated field (21% vs 73%,
p=0.0007). Therefore, patients with recurrence after radiotherapy
who are not amendable to the surgical resection or salvage radio-
therapy (e.g. interstitial brachytherapy) have a dismal prognosis with
a reported 1-year survival rate between 15% and 20% [5].

In order to improve survival, various studies have evaluated the
survival benefit of adding other cytotoxic agents to cisplatin. A
Gynecologic Oncology Group (GOG) phase Il trial (protocol GOG 169)
demonstrated that cisplatin—paclitaxel (TP) improves not only the
response rate over single-agent cisplatin but also the progression-free
survival in patients with advanced or recurrent cervical cancer [6].
Despite the improved clinical outcomes, the potentially severe
gastrointestinal or neurologic toxicities of this regimen and the need
for hospitalization may limit its use.

Since the objective of treatments for recurrent cervical cancer is
the prolongation of survival and the maintenance of quality of life, the
substitution of carboplatin for cisplatin may be beneficial. Single-
agent carboplatin has been shown to have significant activity against
recurrent cervical cancer with a response rate of 15-28.2% [7.8].
Different from cisplatin, the dose of carboplatin can be tailored
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according to renal function [9]. In addition, carboplatin has a more
favorable non-hematologic toxicity profile [10]. However, although
the combination of carboplatin-paclitaxel (TC) has been demon-
strated to be equally efficacious to cisplatin-paclitaxel (TP) with less
toxicity in patients with ovarian cancer [10], experience with the use
of this combination in uterine cervical cancer is limited.

The use of TC'in patients with cervical cancer was first reported in
1996 by Termrungruanglert et al. [11]. However, no controlled clinical
trial has been conducted to evaluate the efficacy of TC in patients with
recurrent cervical cancer. So far, only five retrospective studies on the
value of TC with 3-48 recurrent or advanced cervical cancer patients
have been reported, and they described response rates of 20-60% [12-
16]. Moreover, the patient backgrounds in these articles were not
uniform. Some were treated with TC for stage IV disease as a primary
treatment, while others were treated for recurrence after either
radiotherapy or surgical treatment (Table 1).

Based on a clinical trial that demonstrated the survival benefit of
TP {6], the results of retrospective studies that evaluated the efficacy of
TC (Table 1) and reported improvements in tolerability and patient
convenience by substitution of TP for TC in ovarian cancer {10], we
have started to use TC for patients with recurrent cervical cancer since
2005. In the current study, we conducted a retrospective analysis to -
evaluate the efficacy of TC against recurrent cervical cancer after
definitive radiotherapy and compared the results with those from
non-taxane containing regimens with regard to response rate and
progression-free survival (PFS).

Materials and methods
Patients

Permission to proceed with data acquisition and analysis was
obtained from the Osaka University Hospital's institutional review
board. A list of patients who had received chemotherapy for recurrent
cervical cancer at Osaka University Hospital from 1998 to 2008 was
generated from our institutional pharmacy database. Then, through a
chart review, patients that had been treated with carboplatin and
paclitaxel were identified and retrospectively reviewed. Only patients
with recurrent cervical carcinoma after definitive radiotherapy were
included in this analysis. Patients with small cell carcinomas were
excluded. Recurrence was confirmed by clinical examination including
histological analysis or radiologic investigation. For all patients,
clinical data on the following characteristics were collected: initial
stage, cell type, primary treatment, site of recurrent disease, disease
free interval (DFI), chemotherapy regimen, response, and PFS. DFI
was defined as the time from the completion of the successful initial
treatment to the detection of recurrence. PFS was measured from the
start of chemotherapy to the progression of disease. Since most of
the patients treated with TC are still alive at the time of this study,
we did not include overall survival (OS) as an endpoint in the current
study.

Table 2
Non-taxane containing platinum-based chemotherapy (NTP)

Chemotherapy Reference - Dose of chemotherapy Number of
patients

Single-agent [171 Cisplatin 50 mg/m?, iv o 2
cisplatin
Single-agent [18] Nedaplatin 70 mg/m?, iv -1
nedaplatin |
Cisplatin-based {19] Cisplatin 50 mg/m? on day 1, iv 1
doublet 5-fluorouracil 300 mg/m? on day 1-5, iv
Nedaplatin-based  {20) Nedaplatin 70 mg/m? on day 1, iv 10
doublet 5-flusrotiracil 300 ‘mg/m? on day 1-5, iv
Cisplatin-based = [21} Cisplatin 50 mg/m? on day 1, iv 4
triplet Ifosphamide 1.5 g/m? plus mesna

1 g/m2 on day 15, iv

Peplomycin 5 mg/patiént on day 1-6, im
Nedaplatin-based [22] Nedaplatin 70 mg/m? on day 1, iv 3

Ifosphamide 1.5 ‘g/m? plus mesna
1 g/m2 on day 1-5, iv
Peplomycin 5 mg/patient on day 1-6, im

triplet

iv; intravenously.
im; intramuscularly.

Control patients

A nonrandomized control group of patients with recurrent cervical
cancer after definitive radiotherapy who had been treated with non-
taxane containing platinum-based chemotherapy (NTP) from 1998 to
2005 were also identified through the chart review and served as a
historical comparison.

The patients in the historical control had been treated with various
chemotherapy regimens. As shown in Table 2, before 2005, in our
institution, patients with recurrent cervical cancer were treated with
platinum-based non-taxane containing regimens, based on previous
reports, which showed significant activities in patients with recurrent
cervical cancer [17-22]. Each of the chemotherapy cycles was repeated
every 3-4 weeks and continued until either disease progression or
complete response for a maximum of 9 courses.

Response and toxicity evaluations

Patients were considered evaluable for response if they had
received at least two cycles of chemotherapy or had demonstrated
the appearance of a new lesion or significant clinical deterioration that
could not be attributed to treatment or other medical conditions after
one course of the treatment. The response to treatment was assessed
according to the Response Evaluation Criteria in Solid Tumors (RECIST)
after every three cycles of each regimen. A complete response (CR)
was defined as the disappearance of all target and non-target lesions
and no new lesions being documented after two assessments that
were at least 4 weeks apart. A partial response (PR) was defined as at
least a 30% decrease in the sum of the longest dimension of the target
lesions, which was also documented in two assessments that were at

. Table 1
Summary of articles on the activity of paclitaxel-carboplatin in cervical cancer
Article Target = Dose of chemotherapy Cycle Number Response Patients
Author Year disease of patients Nymber -Number Response = With prior
L N b - of CR:- of PR rate (%), . radiotherapy
Piver MS [14] < 1999 Ror A" Paclitaxel; 135 m? carboplatin; 300 mg/m? Every 4 weeks T3 1 333 2 (66.7%)
Sit AS [12] 2004 R Paclitaxel; 135-175 m? carboplatin; AUC 5 Every 3 weeks 15 4 5 60 - - 14(93.3%)
Tinker AV [16] 2005 . Ror A Paclitaxel; 175 m? carboplatin; AUC 5-6 Every 4 weeks 25 5 5 40 23 (92%)
Secord AA[15]° 2007 Ror A Paclitaxel; 80 m? carboplatin; AUC 2 Day 1, 8,15 of each 28-day cycle - 15 3 20 13 (86.7%)
Moore KN {13]:: 2007 'R NA : . NA ; : 48 12 12 50 43 (89.6%)
Cutrent study R Paclitaxel; 175 m? carboplatin; AUC 5 or Every 4 weeks or Day 1, 8,15 28 5 14 679 28 (100%)
paclitaxel; 80 m? carboplatin; AUC 2 of each 28-day cycle R
Total 134 27 39 49

R; Recurrent cervical cancer, A; Advanced cervical cancer, NA; Not available.
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least 4 weeks apart. Progressive disease (PD) was defined as a 20%
increase in the longest dimension of the sum of the target lesions or
the development of new lesions. Stable disease (SD) implies that none
of the above applies. Toxicity related to treatment was graded
according to the NCI Common Terminology Criteria for Adverse
Events, Version 3.0. For patients who had been treated before the
introduction of RECIST or NCI Common Terminology Criteria for
Adverse Events, Version 3.0, information related to disease status and
toxicity were collected, and response rate and toxicity were retro-
spectively reevaluated according to these criteria.

Statistical analysis

The differences between the groups with respect to stage,
histology, site of recurrence, and prior treatment were assessed
using the Fisher's exact Test. The Wilcoxon rank-sum test was used to
analyze age and DFL Response rate and toxicities were also compared
using Fisher's exact Test. PFS was calculated using the Kaplan-Meier
method and compared by the log-rank test. Multivariate analysis of
prognostic variables including the type of chemotherapy (TC or NTP),
clinical stage, histology, DFS, site of recurrence, prior chemoradiother-
apy, and prior chemotherapy for response was performed using the
Cox proportional hazards regression analysis. P values of <0.05 were
considered statistically significant.

Results
Patients

Fifty-nine consecutive women with recurrence that were treated
either with TC (n=28) or NTP {(n=31) were identified. All patients
had previously been treated with primary radiotherapy with curative
intent or adjuvant radiotherapy after radical hysterectomy. The
clinico-pathologic characteristics of these patients are shown in
Table 3. Among the patients treated with TC, the median age at the
time of treatment for recurrence was 58. Three patients had stage |
disease, 8 had stage II, 8 had stage Il], and 9 had stage IV. Twenty-three
women (82%) had squamous cell carcinoma, 5 (18%) had adenocarci-
noma. Seventeen patients (61%) received concurrent radio-sensitizing
cisplatin. The mean and median DFI were 6 and 17 months,
respectively. Seven patients (25%) had recurrence within the
irradiated field. One patient had prior non-taxane containing

Table 3
Patients characteristics
TC-group NTP-group P value
(n=28) (n=31)
n (%) n (%)
Age Median (Range): 54 (33-75) 53 (33-76) 0284
Stage : Ib 3(107) 5(161) 10,075
Ha-b 8 (286) 14 (45.2)
Hla-b 8 (28.6) 7(22.8)
Va 1(35) 2'(6:4)
Wb 8 (286) 3(9.7) :
Histology sce 23 (821) 27 (87.1) 0.723
Adenocarcinoma ... 5 (17.9) 4(129).
DFS {months) Median 6 6.5 0.609
Mean 17 238
Site of recurrence Inside ifradiated 7 (25) 11 (35.5) 0.606
field
Outside 13 (46.4) 11 (35.5)
irradiated field
Both 8 (286) 9(29)
Prior chemoradiotherapy  Yes 11 (39.3) 5(16.1) 0.077
No': 17 (60.7) 26 (83.9)
Priotr chemotherapy Yes 1(386) 2(6.5) 0162
No 27(964) - - 29(93.5)

TC; Paclitaxel-carboplatin, NTP; Non-taxane containing platinum-based chemotherapy.

Table 4
Objective response and toxicities
TC-group NTP-group . P value
(n=28) (n=31)
n (%) n (%)
Response CR-+PR 19 (67.9) 7(22.6) 0.001
SD 2(71) 5(16.1)
PD 7 (25) 19 (61.3)
PFS Median {range) 7 (0-44) 0 (0-14) 0.0001
Mean 9.25 2
Toxicity  Patients with Grade 3 16 (57.1) 10 (32.2) 1.000
toxicity
Patients with Grade 4 5(17.9) 8 (25.8)
toxicity

platinum-based chemotherapy for recurrent disease. As shown in
Table 3, there were no significant differences in patient characteristics.
There was also no significant difference with respect to performance
status (PS), which is known to be an independent prognostic factor in
cervical cancer (data not shown).

Response rate and progression-free survival

Among the patients that were treated with TC, carboplatin-
paclitaxel was administered on a monthly basis (monthly TC) in 26
patients: carboplatin at an AUC of 5-6 and paclitaxel at 175 mg/m?
given as a 3-h intravenous infusion every 28 days. Two patients were
treated on a weekly basis (weekly TC): paclitaxel 80 mg/m? and
carboplatin at an AUC of 2 on days 1, 8, and 15 of each 28-day cycle.
The median course of TC administered was 5 (range: 2-9). As shown in

- Table 4, the overall response rate was 67.9% (19/28). Five patients

showed a CR, 14 showed PR, and 2 patients demonstrated SD. The
median PFS was 7 months in the entire group and 10 months in the
responders (PR+ CR). At the time of this study, 20 out of 28 patients
(71.4%) are still alive, and 9 patients (32.1%) have not suffered disease
progression after a median follow up period of 14 months.

A subgroup analysis revealed that there were no differences in
response rate between the patients previously treated with con-
current cisplatin and the patients previously treated with radio-
therapy alone (81% vs. 59%, p =0.2495). There were 7 patients who
suffered from recurrence inside the irradiated-field, and 13 patients
who had recurrence outside. A statistically lower objective response
occurred in the patients who had recurrences inside the irradiated-
field than in the patients who had recurrences outside the irradiated
field (57% vs.100%, p = 0.0307). The activity of TC was not significantly
affected by histology or clinical stage. Treatment with TC showed a

1 4
0.8 -
_ TC-group
S o6
2
P
)
€ 04
(6]
021 NTP-group
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Fig. 1. Progression-free survival among patients in TC-group and control-group.
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Table 5
Response by histology, site of recurrence and prior chemoradiotherapy
TC-group . NTP-group . P value
Number of Patients with Number of - Patients with
patients response (%) patients response (%)
Patients with 5 4 {80) 4 0(0) 0.0476
adenocarcinoma
Recurrence inside 7 4 (571) n 2(18.2) 0.1414
irradiated-field .
Patients previously 11 9(81.8) 5 2 (40) 0.2455

treated with
chemoradiotherapy

TC; Paclitaxel-carboplatin, NTP; Non-taxane containing platinum-based chemotherapy.

response rate of 65% in the patients with SCC and 80% in the patients
with adenocarcinoma (p = 1.00). Treatment with TC showed a response
rate of 63.6% in the patients with stage I-1I disease at initial diagnosis,
which was almost equal to the 70.6% observed in the patients with
stage I1I-IV disease (p=1.00).

In the NTP-group, as shown in Table 2, various non-taxane
containing platinum-based chemotherapy regimens were used. As
shown in Table 4 and Fig. 1, the overall response rate was 22.6% with a
median PFS of 0 months in the entire group and 4 months in the
responders (PR -+ CR), which was similar to previous reports, which
showed a response rate of 20-40% [3,17,18].

When the TC-group was compared with the NTP-group in the
univariate analysis, TC was significantly superior in terms of response

rate (67.9% vs. 22.6%, p=0.001) and PFS (log-rank; p<0.0001). In a-

subgroup analysis (Table 5), TC showed a significantly higher response
rate than NTP in the patients with adenocarcinoma (80% vs. 0%,
p=10.0476). TC also showed a higher response rate for recurrences
inside the irradiated-field than NTP; however, this difference did not
reach statistical significance (57% vs. 18.2%, p = 0.1414). Multivariate
analysis demonstrated the site of recurrence (p=0.0098) and
chemotherapy regimen (p=0.0214) to be independent prognostic
factors for predicting the response to chemotherapy.

Toxicity

Generally, carboplatin-paclitaxel was well tolerated. The most
frequently observed toxicity was hematologic toxicity. As shown in
Table 4, grade 3 or 4 toxicity was observed in 21 patients (77.8%). All
grade 3-4 toxicities observed were neutropenia. Of these, two
patients (8%) developed febrile neutropenia. Although grade 1-2
non-hematologic toxicities were commonly observed, there were no
grade 3-4 non-hematologic toxicities including gastrointestinal and
neurologic toxicities.

In the NTP-group, Grade 3 or 4 toxicities were observed in 18
patients (58%). Hematologic toxicity was common, with 10 patients
experiencing grade 3-4 neutropenia and 4 patients experiencing
grade 3-4 thrombocytopenia. There were 4 patients with grade 3-4
non-hematologic toxicities, including 3 patients with grade 3 nausea
and vomiting and a patient with grade 3 gastrointestinal toxicity.

When compared overall, the incidence of grade 3-4 toxicity did
not differ significantly between the two groups (Table 4). Although
grade 3 non-hematologic toxicities were observed in 3 patients (9.6%)
that had been treated with NTP, there were no grade 3-4 non-
hematologic toxicities in the patients treated with TC.

Discussion

Radiotherapy has been a major treatment modality for invasive -

cervical cancer and has achieved significant treatment outcomes;
however, substantial treatment failure still occurs especially in
advanced-stage patients [1]. The treatment of recurrent cervical
cancer is challenging, and patients with recurrent disease have a

dismal prognosis with a 1-year survival rate of between 15% and 20%
[5]. Most patients who have recurrences inside the irradiated field are
not candidates for further radiotherapy; therefore, systemic che-
motherapy is required for these patients. Unfortunately, it has been
previously reported that patients with recurrence inside the irradiated
field are likely to have a lower response rate than those with
recurrence outside of the irradiated-field [23,24), presumably because
of the compromised blood supply to the tumor tissue within
previously irradiated fields. Survival signals such as AKT [25], HIF-
1o [26], and Survivin [27], which are reported to be overexpressed in
radioresistant cervical cancer cells, may inversely affect the sensitivity
to salvage chemotherapy. Moreover, patients with recurrence inside
the irradiated-pelvis, especially recurrence in pelvic side wall, may
also have impaired renal function due to ureter obstruction, limiting
the use of certain chemotherapeutic agents such as cisplatin.

Based on recent phase III clinical trials, cisplatin-containing
combination chemotherapy has become the standard treatment for
recurrent cervical cancer [3,6,21,28]. The addition of either paclitaxel [6]
or ifosphamide [21] to single-agent cisplatin has improved outcomes in
terms of response rate and progression-free survival in patients with
advanced or recurrent cervical cancer. The subsequent Gynecologic
Oncology Group (GOG) study (protocol GOG 179) is the only trial to
date that has demonstrated an improvement in overall survival [28].
Although a combination of cisplatin-topotecan showed a 2.9 month
improvement in survival over single-agent cisplatin, further exploration
for a more effective combination chemotherapy is necessary.

In our institution, various platinum-based regimens had been tried
for patients with recurrent cervical cancer before 2005. Nedaplatin
(cis-diammine-glycoplatinum), a derivative of cisplatin developed in
Japan, has been reported to have an anti-tumor activity similar to that
of cisplatin but a lower renal and gastrointestinal toxicity [29-31].
Although there have been no controlled clinical studies demonstrating
the equivalency of these agents, since nedaplatin does not require
hydration and therefore can be used in patients with marginal renal
function [29], it has been used clinically in Japan as an alternative to
cisplatin for patients with recurrent cervical cancer [18). In this study,
24 out of 31 patients in the historical control were treated with
nedaplatin-containing chemotherapies.

In the current study, we have demonstrated that TC is active in
patients with recurrent cervical carcinoma after definitive radio-
therapy. The response rate was 67.9% with a median progression-free
survival of 9.25 months, which are similar to the results of previous
reports [12-16]. The overall response rate of NTP was 22.6%. The
response rates of nedaplatin- and cisplatin-based chemotherapy were
25% and 14%, respectively (data not shown), which are consistent with
previous reports [3,29-31]. Although six different NTP regimens were
used, there was no significant difference in response rate between the
regimens (data not shown). When compared with the historical
control, TC was significantly superior in terms of response rate and
PFS. Moreover, TC showed significantly higher activity in patients with
adenocarcinoma histology.

As predicted, carboplatin-paclitaxel was well tolerated. The most
common toxicity in TC was myelosuppression. Although grade 3-4
hematologic toxicities were observed in 77.8% of patients, the
incidence of grade 4 toxicity was low (17.9%), and there were no
grade 3-4 non-hematologic toxicities.

In addition to using a less toxic regimen, it is also important to
maintain a patient's quality of life. Using agents that can be
administered on an outpatient basis is one way physicians can
achieve this. As described previously, when combined with cisplatin,
paclitaxel is given as a 24-hour infusion in order to reduce its
neurologic toxicity [6]. However, when combined with carboplatin,
paclitaxel can be administered as a 3-hour infusion [10]. Given the
advantages of its convenience and tolerability as well as its significant
activity, we believe that paclitaxel-carboplatin is a reasonable
treatment option for this patient population.
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In conclusion, our data demonstrates that the combination of
carboplatin-paclitaxel is active and well tolerated in patients with
recurrent cervical cancer after definitive radiotherapy. This study
should be interpreted cautiously for several reasons, such as its
retrospective design, the relatively small cohort of patients, the
heterogeneity of the patient population, and the considerable
selection bias exercised by the physicians at our institution in
determining which patients with recurrence would be considered
for salvage chemotherapy. Moreover, there have been several changes
in the pattern of care during the time period covered by this study,
including the introduction of chemoradiotherapy as an initial treat-
ment and the improvement of palliative and terminal care. However,
we believe that our encouraging results are enough to warrant further
investigation of carboplatin-paclitaxel in a future randomized con-
trolled trial as a treatment for recurrent cervical cancer.
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Purpose: To prospectively compare magnetic resonance
imaging (MRI) at 3.0 T and 1.5.T in the same patients for
preoperative evaluation of endometrial carcinoma.

Materials and Methods: Thirty consecutive patients with
endometrial carcinoma underwent MRI at both 3.0 T and
1.5 T as well as surgery. Quantitative and qualitative anal-
yses were performed. Two radiologists independently eval-
uated images. MR findings were compared with surgico-
pathologic findings.

Results: Image homogeneity of T2-weighted images at 3.0 T
was significantly inferior to that at 1.5 T (P = 0.007). The
scores of image homogeneity and susceptibility: artifacts
were not significantly different between 3.0 T gadolinium-
enhanced imaging and 1.5 T imaging (P = 0.09 and 0.36).
Kappa statistics showed good interobserver agreement be-
tween the two radiologists for local-regional staging on T2-
weighted images (k>0.6). The area under the receiver op-
erating characteristic curve {Az) values for T2-weighted
imaging in terms of myometrial invasion, cervical invasion,
and lymph node metastases were 0.88 (3.0 T) versus 0.91
(1.5T), 0.84 versus 0.83, and 0.94 versus 0.95 for reader 1,
respectively. There were no significant differences between
imaging at 3.0 Tand at 1.5 T in Az values for either reader
(P> 0.35),

Conclusion: 3.0 T MRI is an equivalent imaging modality to
1.5 T imaging for presurgical evaluation of endometrial carci-
noma, although not significantly superior to 1.5 T imaging.
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ENDOMETRIAL CARCINOMA is the most common gy-
necologic malignancy and the fourth most frequent
cancer among females in the United States, with an
estimated 40,100 new cases and an estimated 7,470
deaths in 2008 (1). Important prognostic factors are
depth of myometrial invasion, histological type, histo-
logical grade, vascular space invasion, nodal involve-
ment, and peritoneal cytology (2—-4). Preoperative accu-
rate evaluation of the tumor extent could greatly
optimize surgical procedure and therapeutic strategy
(5-7). The usefulness of magnetic resonance imaging
(MRI) in the preoperative assessment of endometrial
carcinoma is increasingly being recognized (8-11).
Recently, whole-body 3.0 T MR systems are being
increasingly used in clinical settings. Theoretically, 3.0
T imaging offers higher signal-to-noise ratio (SNR) and
enhanced spectral separation than does 1.5 T imaging.
The gain in SNR can be maintained or traded for either
speed or spatial resolution, or both. Compared with 1.5
T, potential outcomes of 3.0 T imaging include changes
in tissue T1 and T2 relaxation times, increased mag-
netic susceptibility effects, increased power deposition,
and uncertain efficacy of contrast agents (12). Although
3.0 T imaging has been shown to be more effective than
1.5 T imaging for the brain and musculoskeletal sys-
tem, its advantages are unclear in the chest, abdomen,
and pelvis because of some unique artifacts such as
dielectric artifacts (13). These artifacts can deteriorate
image quality and potentially lead to inferior diagnostic
capability. Thus, 3.0 T imaging may not be adequate for
the preoperative assessment of endometrial carcinoma,
and this could be a major problem in view of the fact
that the number of 3.0 T scanners is increasing world-
wide. Although some reports have dealt with the value
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of 3.0 T imaging in the female pelvis (14-19), no studies
have made a comparative analysis of the efficacy of 3.0
T and 1.5 T imaging in the same patients for evaluating
the presurgical stage of endometrial carcinoma.

The purpose of this study was to prospectively com-
pare MRI at 3.0 T and 1.5 T for the same population of
patients in terms of their usefulness for the preopera-
tive staging of endometrial carcinoma.

MATERIALS AND METHODS

This study was approved by our Institutional Review
Board and written informed consent was obtained from
all patients.

Patients

Between October 2006 and December 2007, 53 consec-
utive women suspected of having endometrial carci-
noma were examined with MRI at our hospital. Fifteen
patients did not consent to be included in the study, five
did not undergo surgery, and three were excluded be-
cause the definitive histopathology was not carcinoma
(one carcinosarcoma, one ovarian cancer, and one en-
dometrial hyperplasia). The final study population com-
prised 30 patients (age range, 43-75 years; mean *
standard deviation [SD}, 58.7 * 8.0 years; body weight
range, 41.9-69.4 kg; mean + SD, 53.5 x 6.7 kg). Six
(20%) were premenopausal and 24 (80%) postmeno-
pausal, and all of them underwent hysterectomy 1-57
days (mean, 28.1 * 13.8 days) after MR examination.

Surgical confirmation of the diagnosis was obtained
by means of total abdominal hysterectomy with pelvic
lymphadenectomy in 21 patients, total abdominal hys-
terectomy without pelvic lymphadenectomy in 7, Piver's
type Il hysterectomy with pelvic lymphadenectomy in 1,
Piver’s type IV hysterectomy with pelvic lymphadenec-
tomy in 1 (20). Seven patients did not undergo pelvic
Iymphadenectomy, and it was presumed that the pa-
tient had no metastatic lymph nodes based on preop-
erative computed tomography (CT), MRI, and follow-up
CT obtained 6 months after surgery. One of the seven
patients underwent chemotherapy after surgery and
the other patients did not. Gross evaluation of the de-
gree of myometrial invasion, cervical invasion, and
Iymph node metastasis and microscopic confirmation
were performed by pathologists using the International
Federation of Gynecology and Obstetrics criteria. His-
tologic examination after hysterectomy established that
28 (93.3%) of 30 tumors were endometrioid adenocar-
cinomas, one (3.3%) was a clear cell adenocarcinoma,
and one (3.3%) an adenosquamous cell carcinoma.
Grade 1 tumors were diagnosed in 17 (56.7%) patients,
grade 2 tumors in seven (23.3%), and grade 3 tumors in
six {20.0%).

MR Examination

Imaging was performed using state-of-the-art 3.0 T and
1.5 T MR scanners (Signa Excite HD; GE Healthcare,
Milwaukee, WI) operating with software of comparable
levels and with 8-channel body array coils. MRI was
performed for both 3.0 T and 1.5 T units on the same
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day within 30-minute intervals. Before the examination
all patients received intramuscular administration of
20 mg of butyl-scopolamine to prevent peristalsis arti-
fact except when contraindicated. The order of imaging
at either 3.0 Tor 1.5 T was randomized. Fifteen patients
had their 3.0 T study first (age range, 43-69 years;
mean = SD, 58.5 + 7.7 years; body weight range, 47.6—
69.4 kg; mean = SD, 55.0 + 6.6 kg;12 patients had
butyl-scopolamine administration), and the remaining
15 patients had their 1.5 T study first (age range, 46-75
years; mean * SD, 58.9 * 8.6 years; body weight range,
41.9-62.1 kg; mean * SD, 52.0 + 6.7 kg; 14 patients
had butyl-scopolamine administration). There were no
significant differences in mean age and mean body
weight between the two groups (P = 0.88 and 0.23,
respectively, unpaired t-test). At 3.0 T, a dielectric pad
was placed on the patient's body in order to improve the
image homogeneity (21,22). T2-weighted FSE images in
oblique sagittal (parasagittal) planes that were parailel
to the longitudinal axis of the uterus and in oblique
(paraxial or paracoronal) planes that were parallel to
the short axis were obtained with a repetition time (TR}
of 6000 msec (3.0 T) or 4000 msec (1.5 T}, an echo time
(TE) of 90 msec, two signals acquired, an echo-train
length (ETL) of 18 (3.0 T) or 12 (1.5 T), receiving band-
width of 62.5 kHz (3.0 T} or 31.2 kHz (1.5 T}, and a
512 X 256 matrix. The section thickness was 5 mm
with a 1-mm intersection gap and 24-cm field of view.
Saturation bands were placed anteriorly, but only for
imaging in parasagittal planes, to eliminate the phase-
shift artifact caused by subcutaneous fat. Sensitivity
encoding techniques were not used. Acquisition time
was either 198 seconds (3.0 T) or 184 seconds (1.5 T).

After obtaining T2-weighted images on both 3.0 T and
1.5 T scanners, precontrast T1-weighted and contrast-
enhanced dynamic MR images were obtained only on
the second scanner in parasagittal planes that were
parallel to the longitudinal axis of the uterus. Thus, 15
patients had only 3.0 T dynamic MR images, and the
remaining 15 patients had only 1.5 T dynamic MR im-
ages. Dynamic images were obtained using T1-
weighted 3D gradient echo (LAVA: Liver Acquisition of
Volume Acceleration, GE Healthcare) with fat suppres-
sion sequences (TR/TE; 4.6/2.3, 12° flip angle, 320 X
192 matrix, field of view 28 cm, receiver bandwidth 62.5
kHz, a parallel imaging reduction factor of 2, one signal
acquired, 4-mm section thickness, 4-mm section inter-
val, 36 partitions, 20-sec acquisition time) before and
25, 70, and 120 seconds after intravenous 17 mL gad-
olinium administration (gadoteridol: ProHance, Eisai,
Tokyo, Japan) at a rate of 2 mL/s.

Imaging Analysis
Quantitative Analysis

All images were transferred to a workstation for quan-
titative analysis. The analysis was performed by one
radiologist (M.H.) with 15 years’ experience in genito-
urinary imaging, and was applied to images by using
the operator-defined region of interest (ROI) measure-
ments. ROIs were circular and at least 0.15 cm? in area.
The signal intensities were measured in areas devoid of
focal signal-intensity changes and prominent artifacts.
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For the T2-weighted imaging, an ROl was drawn to
encompass the uterine myometrium (mean area, 0.80
cm?, range 0.17-1.83 cm?), junctional zone (mean area,
0.26 cm?, range 0.15-0.61 cm?), and tumors (mean
area, 2.66 cm?, range 0.22-11.19 cm?) whenever pos-
sible. We used surgical and pathological records for
ROIs placement when needed. The standard deviation
of background noise (SDp) was measured along the
phase-encoding direction outside the anterior abdominal
wall (mean area, 9.23 cm?, range 4.40-12.75 cm?) to
calculate the following: myometrium SNR = Shnyometrium/
SDg. junctional zone SNR = Slunctional zone/SDp, tumor
SNR = Slymor/SDg, tumor-to-junctional zone contrast-
to-noise ratio (CNR) = (Slumor-Sljunctional zone)/SDs, and
myometrium-to-junctional zone CNR = (SImyumemum—
SIjunctiona] zone)/ SDB: where SImyometrium, Sljunctional zones ATk
Sliumor are the signal intensities of the myometrium,
junctional zone, and tumor, respectively.

For the contrast-enhanced dynamic MRI, enhance-
ment rate of the myometrium was calculated with the
following equation: Enhancement rate = (SIyostcontrast-
Slprecontrast) / SIprecontrastv where SIprecontrast and SIpostcontrast
are the signal intensities of the myometrium on precon-
trast images and postcontrast images 70 seconds after
gadolinium administration, respectively. SNR and CNR
were not assessed for dynamic imaging because the
parallel imaging technique was used for the image ac-
quisition and, therefore, SNR or CNR cannot be calcu-
lated as a characteristic for the entire image (23).

Qualitative Analysis

Anocther radiologist (T.Kim) with over 15 years experi-
ence in genitourinary imaging reviewed the T2-
weighted images obtained with the 3.0 T and 1.5 T
units. The review procedure was performed at two sep-
arate sessions. The sessions were performed at a
2-week interval. The order of the patients whose images
were reviewed was randomized, as was the order in
which images obtained with either the 3.0 Tor 1.5 T
units were reviewed. In other words, images from all 30
patients were reviewed at the first session, but only the
images obtained with randomly selected one of the two
MR units were reviewed in a given patient at that ses-

sion. The images obtained with the other MR unit were-

reviewed at the subsequent session. Image quality was
graded in terms of homogeneity and susceptibility arti-
fact using a 4-point scale: 1, unacceptable; 2, poor; 3,
fair; and 4, good. Susceptibility artifact was mainly
evaluated in terms of gas-related signal loss around the
intestine. In the same way, the radiologist evaluated the
dynamic MR images of the 30 patients.

Diagnostic Performance Analysis for T2-Weighted
Imaging

Two radiologists (T.Kim, I.I.}) with over 15 years experi-
ence in gynecological MRI independently reviewed the
T2-weighted images in both oblique planes obtained
with the 3.0 T and 1.5 T units. The review was con-
ducted during two separate sessions at a 2-week inter-
val in the same manner as the image quality analysis.
The readers were blinded to the histopathologic find-
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Figure 1. Boxplots show results for SNRs of tumor, myome-
trium, and junctional zone (JZ) on T2-weighted images. The
plots indicate the median (central horizontal line), the 75th
quartile (top of box), the 25th quartile (bottom of box), and the
smallest and largest nonextreme values {(whiskers). Mean val-
ues were significantly higher at 3.0 T than at 1.5 T for tumors
(P = 0.0015, paired t-test) and junctional zone (P = 0.0004),
but not for myometrium (P = 0.23). The mean ratios of the SNR
at 3.0 T to those at 1.5 T were 1.12 for tumor, 1.03 for myo-
metrium, and 1.12 for junctional zone. The signal intensity of
the myometrium was obtained in all 30 cases. It was also
obtained for tumors in 26 cases and for junctional zone in 18
cases. o = outliers.

ings and which MR unit was used for imaging but knew
the age of the patients. The readers were asked to score
the images of each patient for the presence of superfi-
cial or deep myometrial invasion, cervical invasion, and
lymph node metastases. The readers rated the images
with one of five confidence levels: 1, definitely absent; 2,
probably absent; 3, equivocal; 4, probably present; and
5, definitely present. At the time of scoring the readers
were aware that sensitivity or specificity calculations
would be performed considering the confidence rating
of 4 or 5 as a positive diagnosis. These assessments
were made on the basis of established MR criteria. First,
myometrial invasion was diagnosed when the junec-
tional zone was disrupted and a mass had invaded the
myometrium. When no junctional zone was observed,
irregularity of the endometrial-myometrial interface
was interpreted as a sign of myometrial invasion. When
signal intensity of the tumor extended into the outer
half of myometrium, deep myometrial invasion was di-
agnosed. Second, cervical invasion was diagnosed
when an abnormal signal .intensity mass within the
endocervical canal and/or disruption of the normal
low-signal-intensity cervical stroma was observed on
T2-weighted images. And third, lymph node metastasis
was made when enlarged regional lymph nodes more
than 1 cm in minimal diameter were identified.

— 130 —



624

Statistical Analysis

A paired t-test was used for statistical comparison of
SNRs and CNRs on 3.0 Tand 1.5 T T2-weighted images.
An unpaired t-test was used for comparison of en-
hancement rate on 3.0 Tand 1.5 T dynamic MR images.
The Wilcoxon signed-rank test was used for statistical
comparison of 4-point scale scores for image quality of
T2-weighted imaging. The Mann-Whitney test was used
for statistical comparison of 4-point scale scores for
image quality of dynamic MRI.

T2-weighted MRI findings were compared with surgi-
copathologic findings. Sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and diagnostic accuracy of both 3.0 Tand 1.5 T imaging
were calculated for diagnosis of myometrial invasion,
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Figure 2. MR images of a 69-
year-old woman with endome-
trial carcinoma (endometrioid
adenocarcinoma, grade 1). a,b:
T2-weighted fast spin-echo im-
ages in {a) the parasagittal
plane of the uterus and (b)
paraxial plane obtained at 3.0
T (6000/90, 18-echo train
length) clearly show the tumor
with deep myometrial invasion
(arrow), which was confirmed
by surgicopathologic findings.
c,d: T2-weighted fast spin-
echo images in (c) the parasag-
ittal plane of the uterus and (d)
paraxial plane obtained at 1.5
T (4000/90, 12-echo train
length) show the same find-
ings. Signal intensity of the tu-
mor at 3.0 T is higher than that
at 1.5 T, while image homoge-
neity is slightly better with 1.5
T imaging than 3.0 T imaging.
Signal loss artifact due to di-
electric effects is seen on the
image at 3.0 T (arrowheads).
e,f: Tl-weighted 3D gradient
echo images (4.6/2.3, 12° at
1.5 T in the parasagittal plane
obtained (e) before and (f) 70
seconds after contrast injec-
tion show slightly better image
homogeneity compared to
those at 3.0 T (see Fig. 5).

cervical invasion, and lymph node metastases. For the
analyses, only two classifications were used for depth of
myometrial invasion: absent or less than 50% and 50%
or more, because patients with 50% or greater myome-
trial invasion are at much greater risk for pelvic and
lumboaortic lymph node metastases (3). These values
were determined by using confidence scores of 4 or 5
indicating a positive diagnosis. These diagnostic pa-
rameters were expressed with a 95% confidence inter-
val (CI). McNemar's test was used for statistical com-
parison of sensitivity and specificity. Regarding the
5-point scale for image interpretation evaluation, inter-
observer agreement between the two readers and inter-
modality agreement between 3.0 T imaging and 1.5 T
imaging were determined by calculating the weighted «
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values (quadratic weighting), with k = 0 indicating poor,
k = 0.01-0.20 slight, k = 0.21-0.40 fair, k = 0.41-0.60
moderate, k = 0.61-0.80 good, and « = 0.81-1.00 ex-
cellent agreement (24).

Furthermore, receiver operating characteristic (ROC)
analysis was performed to evaluate diagnostic perfor-
mance of T2-weighted imaging in relation to the pres-
ence of deep myometrial invasion, cervical invasion,
and lymph node metastases. An ROC curve was fitted to
each reader’s confidence rating by using a maximum-
likelihood estimation program (ROCKIT 0.9B; C.E.
Metz, University of Chicago, Chicago, IL, 1998). The
diagnostic performance was then estimated by calcu-
lating the area under the ROC curve (Az). The univariate
Z-score test was performed to evaluate the significance
of the difference between the Az values.

For all statistical analyses other than ROC analysis, a
software package (SPSS 11.0 for Windows; Chicago, IL)
was used. A P-value less than 0.05 was considered to
indicate a statistically significant difference.

RESULTS

Quantitative Analysis

In the evaluation of T2-weighted imaging the signal
intensity of the myometrium was obtained in all 30
cases. It was also obtained for tumors in 26 cases and
for junctional zone in 18 cases. Tumors could barely be
identified in four, and junctional zone could not be
clearly observed in 12 cases. There were no cases in
which visualization of junctional zone or tumor was
discordant between 3.0 T and 1.5 T. The mean SNRs of
tumors (P = 0.0015) and junctional zones (P = 0.0004)
at 3.0 T were significantly higher than those at 1.5 T
(Figs. 1, 2). There were no significant differences in
myometrium SNR (P = 0.23), tumor-to-junctional zone
CNR (P = 0.15), and myometrium-to-junctional zone
CNR (P = 0.32} (Fig. 3). The mean ratios of the SNR at
3.0 Ttothose at 1.5 Twere 1.12 (95% CI, 1.06-1.18) for
tumors, 1.03 {0.98-1.08) for myometrium, and 1.12
(1.07-1.18) for junctional zones.

In the evaluation of dynamic MRI, there was no sig-
nificant difference in enhancement rate of the myome-
trium between imaging at 3.0 T and 1.5 T (P = 0.45)
(Figs. 2, 4, 5).

Qualitative Analysis

The resuits of the qualitative analysis in terms of image
homogeneity and susceptibility artifacts are given in
Tables 1 and 2. The score for image homogeneity on
T2-weighted images at 3.0 T was inferior to that at 1.5
T, with a statistically significant difference (P = 0.007)
(Figs. 2, 6). The score for susceptibility artifacts on
T2-weighted images at 3.0 T was also slightly inferior to
that at 1.5 T, but without statistical significance (P =
0.29). The score for image homogeneity on dynamic MR
images at 3.0 T was slightly inferior to that at 1.5 T, but
without statistical significance (P = 0.09) (Figs. 2, 5).
There was no statistically significant difference between
the score for susceptibility artifacts on dynamic MRI
between 3.0 Tand 1.5 T (P = 0.36).
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Figure 3. Boxplots show results for tumor-to-junctional zone
CNR (n = 17) and myometrium-to-junctional zone CNR (n =
18) on T2-weighted images. The plots indicate the median
(central horizontal line}, the 75th quartile (top of box), the 25th
quartile (bottom of box), and the smallest and largest nonex-
treme values (whiskers). There were no significant differences
in either values between 3.0 TMRI and 1.5 TMRI (P = 0.15 and
P = 0.32, respectively, paired t-test).

Diagnostic Performance Analysis for T2-Weighted
Imaging

The results of T2-weighted MRI assessment of the depth
of myometrial invasion (absent, 3; <50%, 17; =50%,
10} are given in Table 3. According to surgicopathologic
data, myometrial invasion was correctly assessed in 15
and 15 (50% and 50%; 3.0 T and 1.5 T, respectively)
patients, was underestimated in 12 and 12 {(40% and
40%]), and overestimated in 3 and 3 (10% and 10%) by
reader 1. The corresponding values for reader 2 were 15
and 14 (50% and 47%), 14 and 13 (47% and 43%), and
1 and 3 (3% and 10%)].

The Az, sensitivity, specificity, accuracy, PPV, and
NPV values assessed by both readers of each of the
imagings for the diagnosis of myometrial invasion, cer-
vical invasion (absent, 23; present, 7}, and lymph node
metastases (absent, 26; present, 4) are given in Table 4.
T2-weighted MRI helped make the correct assessment
in 85%-95% of patients with myometrial invasion of
less than 50% and in 60%-80% of patients with myo-
metrial invasion of 50% or more. There were no signif-
icant differences between imaging at 3.0 Tand at 1.5 T
in Az, sensitivity or specificity values for both readers
(P>.35, for all comparison pairs).

The «k values for diagnosis of deep myometrial inva-
sion, cervical invasion, and lymph node metastases for
the two readers and those values for 3.0 Tand 1.5 T
T2-weighted imaging are given in Table 5. These values
correspond to good to excellent agreement.
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Figure 4. Boxplots show results for enhancement rate of the
myometrium on contrast-enhanced T1-weighted images. The
plots indicate the median (central horizontal line), the 75th
quartile (top of box), the 25th quartile (bottom of box), and the
smallest and largest nonextreme values (whiskers). There was
no significant difference in mean values between 3.0 T MRI
and 1.5 T MRI (P = 0.45, unpaired t-test). o = outliers.

DISCUSSION

3.0 T MRI of the abdomen and pelvis in clinical settings
has been introduced recently. The SNR can be expected

Hori et al.

Table 1
Results of Scores for Image Quality With 3.0 T and 1.5 T T2-
Weighted MRI in 30 Patients

Image homogeneity

Susceptibility artifact

Score [P = 0.007} [P = 0.29)
3.0T 1.5T 3.0T 1.5T
4 8 (26.7) 16 (53.3) 12 (40.0) 16 (53.3)
3 21 (70.0) 14 (46.7) 16 (53.3) 12 (40.0)
2 1(3.3) 0 (0.0) 2(6.7) 2(6.7)
1 0(0.0) 0 (0.0) 0(0.0) 0(0.0)

Data in parentheses are percentages.

Image quality was graded in terms of homogeneity and susceptibility
artifact using a 4-point scale: 1, unacceptable; 2, poor; 3, fair; and 4,
good.

‘P-values in square brackets were calculated with the Wilcoxon

signed-rank test for statistical comparison of scores between 3.0 T
and 1.5 T MRI.

to be twice as high at 3.0 T as at 1.5 T. This higher SNR
could be theoretically used to obtain higher temporal or
spatial resolution imaging or a reduction in scan time.
For this reason, 3.0 T imaging has established applica-
tions in the neuroradiologic field (25,26}. However,
there are many problems associated with 3.0 T imaging
particularly for the abdomen and pelvis (13,27,28).
These problems include 1) prolonged T1 relaxation
time, although somewhat shortened T2 relaxation time,
2) radiofrequency inhomogeneity, 3) increased specific
absorption rate, 4) larger chemical shift, and 5) larger
susceptibility effect. As a result, the advantages of a
higher magnetic field are not directly applicable to the
areas of the abdomen or pelvis. There are a few reports
on the role of 3.0 T imaging of the female pelvis (14-19),
and only one reported study investigated the capability
of 3.0 T imaging for the preoperative evaluation of myo-
metrial invasion in endometrial carcinoma (18). In the
latter, the diagnostic accuracy of 3.0 T imaging was
found to be equivalent to the highest accuracy values
reported in the literature for 1.5 T imaging, although no
direct comparison was made for the same population of
patients in that study. To the best of our knowledge, our
study is the first to directly compare the efficacy of 3.0
T imaging for evaluating the presurgical stage of endo-
metrial carcinoma with that of state-of-the-art 1.5 T
imaging. Our results show that, compared with 1.5 T

Figure 5. MR images of a 71-
year-old woman with endome-
trial carcinoma (endometrioid
adenocarcinoma, grade 3, ar-
row). Tl-weighted 3D gradient
echoimages {4.6/2.3, 12°) at 3.0
T in the parasagittal plane ob-
tained (a) before and (b} 70 sec-
onds after contrast injection
show excellent contrast en-
hancement but slightly inferior
image homogeneity compared to
those at 1.5 T (see Fig. 2).
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Table 2
Results of Scores for image Quality With 3.0 T and 1.5 T Dynamic
MR in 30 Patients

Image homogeneity Susceptibility artifact

Score [P = 0.09} [P = 0.36]
3.0T 1.5T 3.0T 1.5T
4 1(6.7) 2(13.3) 1(6.7) 0(0.0)
3 9 (60.0) 12 (80.0) 10 (53.3) 14 (93.3)
2 5(33.3) 1(6.7) 4 (8.7) 1(6.7)
1 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Data in parentheses are percentages.

Image quality was graded in terms of homogeneity and susceptibility
artifact using a 4-point scale: 1, unacceptable; 2, poor; 3 fair; and 4,
good.

P-values in square brackeis were calculated with the Mann-Whitney
test for statistical comparison of scores between 3.0 Tand 1.5 T
MRI.

imaging, 3.0 T imaging improved tumor SNR by around
12%, yielded slightly inferior image homogeneity, and
showed equivalent diagnostic capability for the presur-
gical evaluation of endometrial carcinoma on T2-
weighted images. It was also showed that 3.0 T imaging
has equivalent enhancement rate and similar image
quality in terms of image homogeneity and susceptibil-
ity artifacts on dynamic MRI compared with 1.5 T im-
aging.

It is important to determine the depth of myometrial
invasion preoperatively because it is directly related to
the prognosis (5). Accurate evaluation could also help
in planning the extent of lymphadenectomy, because
patients with 50% or greater myometrial invasion are at
much greater risk for pelvic and lumboaortic lymph
node metastases compared with patients with myome-
trial invasion that is absent or less than 50% (3). The
assessment of cervical invasion is also of clinical impor-
tance, because a tumor has a tendency to invade and
metastasize to the parametrium if the tumor invades
the uterine cervix. A tumor confined within the endo-
metrium may be staged by simple hysterectomy or
laparoscopically assisted vaginal hysterectomy (6). In
cases with cervical invasion, however, radical surgery,
additional radiation therapy, or both are required. In
our study we investigated the efficacy of T2-weighted

Figure6. T2-weightedfastspin-
echo MR images of a 61-year-
old woman with endometrial
carcinoma (adenosquamous cell
carcinoma, grade 3). a: Parasag-
ittal image at 3.0 T (6000/90,
18-echo train length) shows sig-
nal loss artifact around the uter-
ine fundus (arrowheads). b:
Parasagittal image at 1.5 T
{4000/90, 12-echo train length)
does not show the artifact. Im-
age homogeneity is obviously
better with 1.5 T than with 3.0 T
imaging.
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MRI at 3.0 T and 1.5 T in terms of preoperative evalu-
ation of those important factors.

The values we used for some imaging parameters,
that is, TR, ETL, and the receiver bandwidth, were dif-
ferent between 3.0 T T2-weighted imaging and 1.5 T
imaging. Although optimal parameters for imaging may
differ between 3.0 T and 1.5 T, many radiologists use
the same parameters for both (14). The MR signal in-
tensity (S) for spin-echo sequence is generally obtained
with the following equation:

— TR -~ TE
e

where T; and T, are T1 and T2 relaxation times.

T1 relaxation times are longer at 3.0 Tthan at 1.5 T
(29,30); reportedly the T1 relaxation times are 14%
longer at 3.0 T than at 1.5 T for endometrium and 42%
for the uterine cervix (30). Therefore, we used longer TR
by 50% for T2-weighted imaging at 3.0 T compared to
that at 1.5 T. We also increased ETL by 50% at 3.0 T to
maintain practical imaging times. Moreover, to main-
tain the equivalent degree of chemical shift misregistra-
tion, we doubled the receiver bandwidth at 3.0 T to
reduce the degree of misregistration. However, this
could lead to an =30% reduction in SNR (13}. We used
the same TEs of 90 msec for 3.0 T and 1.5 T imaging
because there is controversy as to whether T2 relax-
ation times differ between 3.0 T and 1.5 T (13). One
study concluded that T2 relaxation time is independent
of the main magnetic field strength (29). However, a
recent study suggested that T2 relaxation times differ
between 3.0 T and 1.5 T (30).

Contrast enhancement effect of gadolinium agents is
theoretically higher at 3.0 T than at 1.5 T because
longer baseline relaxation times at 3.0 Tyield a stronger
T1 reduction (31). This has been demonstrated in vivo
for imaging brain tumors (32). However, our results
showed no significant differences between 3.0 Tand 1.5
T in enhancement rate of the myometrium on gadolin-
ium-enhanced T1-weighted images. This is in agree-
ment with reported results on contrast-enhanced
breast MR, in which researchers showed 1.5 T imaging
had stronger contrast enhancement for breast tumors
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Table 3
Depth of Myometrial Invasion Between T2-Weighted MRI and Surgicopathologic Specimen
Surgicopathologib specimen

T2-weighted MR Findings No myometrial invasion <50% myometrial invasion =50% myometrial invasion Total

(3.0T/1.5T) (8.0TN1.5T) (3.0T/1.5T) (3.0T/1.5T)
Reader 1
No myometrial invasion 3/3 9/10 i 1/1 13/14
<50% myometrial invasion 0/0 5/4 21 715
=50% myometrial invasion 0/0 3/3 7/8 10/11
Total 3 17 10 30
Reader 2
No myometrial invasion 3/3 11/9 2/3 16/15
<50% myometrial invasion 0/0 5/5 1/1 6/6
=50% myometrial invasion 0/0 1/3 7/6 8/9
Total 3 17 . 10 30

compared to 3.0 T imaging (33). Kuhl et al (31) sug-
gested that better contrast enhancement at 3.0 T might
not be the case in body applications, and speculated
that the reason would probably be the inhomogeneous
radiofrequency penetration in body tissues that might
go along with regionally reduced flip angles, which
could cause a regionally reduced T1 contrast within an
image.

Some limitations need to be taken into consideration.
First, one criticism of our study could be related to the
fact that we compared only T2-weighted images for
the diagnostic performance analysis. Although T2-
weighted imaging plays an important role in diagnosing
endometrial carcinoma, contrast-enhanced dynamic
MRI is also important. It is useful for evaluating myo-
metrial invasion, especially when junctional zone is

Statistical Values for Assessment of Myometrial Infiltration, Cervical Invasion, and Lymph Node Metastases With T2-Weighted MRI

Sensitivity (%)

Specificity (%)

70 (7/10) [42, 98]
80 (8/10) [55, 100]
43 (3/7) [6, 80]
43 (3/7) [6, 80)
75 (3/4) [33, 100]
75 (3/4) [33, 100]

70 (7/10) [42, 98]
60 (6/10) [30, 90]
43 (3/7) [6, 80)
43 (3/7) [6, 80]
50 (2/4) [1, 99]
75 (3/4) [33, 100]

85 (17/20) [69, 100]
85 (17/20) [69, 100]
100 (23/23) [100, 100]
91 (21/23) [80, 94]
92 (24/26) [82, 100]
92 (24/26) [82, 100]

95 (19/20) [85, 100]
85 (17/20) [69, 100]
91 (21/23) [80, 94]
91 (21/23) [80, 94]
88 (23/26) {76, 100]
92 (24/26) [82, 100]

PPV (%)

NPV (%)

Table 4
Az
Reader 1
Myometrial invasion 3.0T 0.88
157 0.91
Cervical invasion 3.0T 0.84
1.5T 0.83
Lymph node metastases 3.0T 0.94
1.5T 0.95
Reader 2
Myometrial invasion 3.0T 0.90
15T 0.82
Cervical invasion 3.0T 0.84
1.5T 0.76
Lymph node metastases 3.0T 0.85
1.5T 0.94
Accuracy (%)
Reader 1
Myometrial invasion 3.0T 80 (24/30) {66, 94]
15T 83 (25/30) [70, 97]
Cervical invasion 3.0T 87 (26/30) [75, 99]
1.5T 80 (24/30) [66, 94]
Lymph node metastases 3.0T 90 (27/30) [79, 100]
15T 90 (27/30) [79, 100}
Reader 2
Myometrial invasion 3.0T 87 (26/30) [75, 99]
1.5T 77 (23/30) [62, 92]
Cervical invasion 3.0T 80 (24/30) [66, 94]
15T 80 (24/30) {66, 94]
Lymph node metastases 3.0T 83 (25/30) {70, 97}
1.5T 90 (27/30) {79, 100]

70 (7/10) [42, 98]
73 (8/11) [46, 99]

100 (3/3) [100, 100}

60 (3/5) [17, 100]
80 (3/5) [17, 100]
60 (3/5) [17, 100]

88 (7/8) (65, 100]
67 (6/9) [36, 97]
60 (3/5) [17, 100]
60 (3/5) [17, 100]
40 (2/5) [0, 83]
60 (3/5) [17, 100]

85 (17/20) [69, 100]
89 (17/19) [76, 100]
85 (23/27) [72, 99]
84 (21/25) [70, 98]
96 (24/25) [88, 100]
96 (24/25) [88, 100]

86 (19/22) [72, 100]
81 (17/21) [64, 98]
84 (21/25) [70, 98]
84 (21/25) [70, 98]
92 (23/25) [81, 100]
96 (24/25) [88, 100]

Az, area under the ROC curve; PPV, positive predictive value; NPV, negative predictive value. Numbers in parentheses are used for
calculation. Numbers in square brackets are 95% Cls. For the analyses, only two classifications were used for myometrial invasion: absent

or less than 50% and 50% or more.

There were no statistically significant differences between imaging at 3.0 T and at 1.5 T in Az, sensitivity, and specificity values for both

readers (P > 0.35, for all comparison pairs).
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Table 5

629

k Values for Interobserver and Intermodality Agreement (T2-Weighted Imaging)

Interobserver Intermodality
k value
3.0T 1.5T Reader 1 Reader 2
Myometrial invasion 0.66 0.67 0.86 0.78
Cervical invasion } 0.77 0.76 0.83 0.72
Lymph node metastases 0.64 0.74 0.83 0.66

Values were calculated from the 5-point scale scores assigned by the two readers for the presence of deep myometrial invasion, cervical
invasion, and lymph node metastases using weighted « statistics (quadratic weighting) to evaluate interobserver agreement between the two
readers and intermodality agreement between 3.0 T imaging and 1.5 T T2-weighted imaging.

poorly visible on T2-weighted images (9). Kinkel et al (8)
showed that contrast-enhanced MRI had a higher per-
formance compared to nonenhanced MRI in diagnosing
endometrial carcinoma in a meta-analysis. However,
we thought our patients would be at greater risk if they
were injected twice with contrast material to compare
the efficacy of dynamic MRI at 3.0 T and 1.5 T. We
therefore focused on T2-weighted imaging in our
present study. Our study showed that diagnostic per-
formance of T2-weighted images was not significantly
different between 3.0 T and 1.5 T imaging, and that
there were no significant differences in image quality or
the degree of contrast enhancement in gadolinium-en-
hanced imaging. Therefore, we think that 3.0 T imaging
can be regarded as a good diagnostic technique for
presurgical evaluation of endometrial carcinoma.

Patients received intramuscular administration of
butyl-scopolamine to prevent peristalsis artifact before
the examination. This could be another bias for the
comparison of the images, because butyl-scopolamine
could not be effective up to 30 minutes, which were the
intervals between 3.0 T and 1.5 T imaging. However, we
tried to minimize this bias by randomizing the order of
imaging.

We used a fixed dose of 17 mL of contrast material in
this study. This could be another limitation for compar-
ison of the degree of contrast enhancement because the
degree of enhancement would also depend on the dose
per body weight. However, there were no significant
differences in mean body weight between the two
groups in our study. Although other factors such as
cardiac output and menstrual cycle could affect the
degree of contrast enhancement, we could not match
those factors between the two groups.

Another criticism of this study could be a lack of
accuracy in the comparison of MRI and pathologic find-
ings, especially in terms of lymph node metastases.
Seven patients did not undergo pelvic lymphadenec-
tomy. This means that our results for the diagnosis of
lymph node metastases may be somewhat inaccurate.
However, this is unlikely to be a prominent drawback
because the purpose of our study was to compare MRI
capability at 3.0 T and 1.5 T. Our study was also limited
by a relatively small sample size of 30 patients. We
think that larger sample sizes are required to evaluate
the diagnostic performance with greater precision.

We did not use special techniques such as higher
spatial resolution irnaging at 3.0 T. There was a possi-
bility that we could have better image quality and have
higher diagnostic performance by using special tech-

niques for 3.0 T imaging. However, we did not take this
approach in our study because the gain in SNR was not
s0 prominent for 3.0 T imaging in our preliminary ex-
perience. By using recent techniques such as parallel
excitation (multitransmitter system) (34) or phased ar-
ray transmit coils (35), image homogeneity may be im-
proved, and therefore there is a possibility that diag-
nostic performance of 3.0 T imaging can be much better
than that in this study.

In conclusion, 3.0 T MRI is an equivalent imaging
modality to 1.5 T imaging for presurgical evaluation of
endometrial carcinoma, although not significantly su-
perior to 1.5 T imaging. New imaging techniques which
make effective use of the inherently higher SNR at 3.0 T
could make 3.0 T imaging more advantageous in the
future.
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