manner in both cell lines (Fig. 1C and SIB). In contrast, the
number of annexin V-positive cells did not change, even at the
higher doses of cisplatin. The cleavage of caspase-3 and poly-
ADP-ribose polymerase (PARP) was observed in SKOV-3 cells
at 24 h but not at 3 h (Fig. 1D). Thus, cisplatin impaired the via-
bility of SKOV-3 and OVCAR-3 cells in a dose-dependent man-
ner, although it was impossible to detect the change within a
short period of time after cisplatin treatment by conventional
methods.

Early decreased glucose uptake after cisplatin treatment
correlated with later cell death. To predict later cell death at an
early time point after cisplatin treatment, we examined glucose
uptake by the cells. Flow cytometry was performed to monitor
glucose uptake by detecting the uptake of 2-NBDG fluores-
cence within the cells. Simultaneous PI staining was performed
to exclude dead cells from the assay. At 3 h after treatment
with 20 pg/mL cisplatin, the uptake of 2-NBDG in SKOV-3
and OVCAR-3 cells was significantly decreased (Fig. 2A-C).
The SKOV-3 cells required a higher dose of cisplatin than the
OVCAR-3 cells to achieve a decrease in glucose uptake
(Fig. 2C) parallel to the relative resistance of SKOV-3 cells
against cisplatin demonstrated by the cell count and MTS assay
(Fig. 1A). The drastic decrease in glucose uptake by OVCAR-3
cells at 24 h (Fig. 2C) might reflect the severe impairment of
cell function before cell death (Fig. SIB). Thus, the early
decrease in glucose uptake at a high dose of cisplatin correlated
with the sensitivity to the drug in ovarian cancer cell lines. In
contrast, the change in the glucose concentration of the culture
medium was undetectable 3 h after cisplatin treatment for both
cell lines (Fig. 2D). The results indicate that the 2-NBDG
method is useful for detecting the subtle change in cellular glu-
cose uptake.

Membrane localization of GLUT1 was attenuated at an early
time point after cisplatin treatment. To investigate the mecha-
nism of decreased glucose uptake at an early time point after
cisplatin treatment, we examined the expression of mRNA
encoded by glucose transporter and glycolysis emzymes. The
level of GLUT1 expression was decreased 3 h after 20 pg/mL
cisplatin treatment of OVCAR-3 cells but not of SKOV-3
(Fig. 3A,B). The level of GLUT1 expression was decreased 3 h
after 20 pg/mL cisplatin treatment of OVCAR-3 cells but not
of SKOV-3 (Fig. 3A.B). The GLUT3 gene was not expressed
in these cell lines (data not shown). The expression levels of
the glycolytic enzymes, phosphofluctokinase-1 (PFK), and
phosphoglycerate kinase (PGK), were also reduced in OVCAR-
3 cells but not in SKOV-3 cells (Fig. 3A,B). Thus, the expres-
sion of genes related to glucose uptake and glycolysis
decreased at an early time point after cisplatin treatment only
in OVCAR-3 cells but not in SKOV-3 cells. Next, we exam-
ined the protein levels of GLUT1 by western blotting. The pro-
tein levels of GLUT 1 of neither SKOV-3 nor OVCAR-3 cells
changed at 3 h after 20 pg/mL cisplatin treatment (Fig. 3C).
Immunocytochemistry for GLUTI revealed a strong signal
localized at the cytoplasmic membrane in both cell lines. After
3 h cisplatin treatment, the membrane localization of GLUT1
was attenuated (Fig. 3D).

OVCAR-3 cell oxygen consumption decreased 3 h after
cisplatin treatment but mitochondrial membrane potential was
not impaired. To investigate the contribution of mitochondrial
respiration to the reduction in glucose uptake, we measured the
oxygen consumption of OVCAR-3 cells 3 h after treatment with
cisplatin. Oxygen consumption was decreased, even after treat-
ment with 5 pg/mL cisplatin (Fig. 4A). On the other hand, the
MTS assay, which reflects the mitochondrial metabolic activity,
did not show significant changes at 3 h (Fig. 1B), and the mito-
chondrial membrane potential at that time point was not decreased
with 20 pg/mL cisplatin (Fig. 4B). Taken together, the results
indicate that the reduction in oxygen consumption after cisplatin
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Fig. 3. (A,B) Real-time RT-PCR of genes related to energy

metabolism. (A) SKOV-3 cells or (B) OVCAR-3 cells were treated with
cisplatin for 3 h. The doses of cisplatin were 0, 5, 10 and 20 pg/mL
from left to right. The results are the normalized mean values for
three replicates from three independent experiments. *P < 0.05
compared with the control unless otherwise indicated. (C) Western
blotting for GLUT1 of SKOV-3 and OVCAR-3 cells treated with
20 ug/mL cisplatin for 3 h. (D) Cells were treated with 20 pg/mL
cisplatin or water for 3 h and subjected to immunocytochemistry for
GLUT-1 (red). Hoechst 33342 staining (blue) indicates the nucleus.
CDDP, cis-diamminedichloroplatinum(ll).

treatment is not likely due to direct mitochondrial impairment,
but is a consequence of reduced uptake of glucose, which eventu-
ally becomes a substrate of mitochondrial respiration.
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Fig. 4. (A) Oxygen consumption of OVCAR-3 cells after treatment with cisplatin at the indicated doses for 3 h. The results are from three
independent replicates. The experiments were repeated three times, and representative results are shown. *P < 0.05 compared with the control.
(B) Histogram of mitochondrial membrane potential assessed by MitoTracker 3 h after treatment with 20 pg/mL cisplatin. The y-axis represents
the percentage of maximum cell number counts (Max); the x-axis represents the mean MitoTracker fluorescence intensity. The dotted line
indicates untreated cells. Gray shading indicates untreated cells with the MitoTracker, and the solid line indicates cisplatin (20 ug/mL)-treated
cells with the MitoTracker.
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Glucose uptake did not decrease in cisplatin-resistant cells Early glucose uptake decrease after cisplatin treatment was

after cisplatin treatment. To generalize the finding that glucose  only observed in the in vitro cisplatin-sensitive ovarian cancer
uptake is useful for predicting cisplatin sensitivity, we examined cells from patient samples. The ovarian cancer cells from
two resistant cell lines. A uterine corpus cancer cell line, Saw-  patient samples were subjected to primary culture and treated
ano,*” is known to be resistant to cisplatin. The sensitivity of ~ with cisplatin for 3 h. Glucose uptake was measured by the
Sawano cells to cisplatin was confirmed and compared with ~ 2-NBDG assay. The 2-NBDG uptake of samples #1 and #2 sig-
OVCAR-3 cells (Fig. 5A). Glucose uptake did not decrease in  nificantly decreased (Fig. 6A). In contrast, samples #3 and #4
Sawano cells 3 h after treatment with 20 pg/mL cisplatin  did not exhibit decreased 2-NBDG uptake after cisplatin treat-
(Fig. 5B). We also generated cisplatin-resistant SKOV-3 cells, —ment. These samples were cultured for several days after
CisR/SKOV-3 (Fig. 5C). Glucose uptake did not decrease in  cisplatin treatment. Cells from #1 to #2 were eradicated 5 days
CisR/SKOV-3 cells 3 h after treatment with 20 ug/mL cisplatin  after treatment (Fig. SB). In contrast, cancer cells were still
(Fig. 5D). viable in cells from #3 to #4 10 days after cisplatin treatment
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(A) Ovarian cancer cells from four patients were cultured in vitro, treated with cisplatin at the indicated doses, and the values of 2-

NBDG uptake relative to the untreated group determined 3 h after treatment. The results are the normalized mean values for three
independent replicates. *P < 0.05 compared with the control. (B) Phase-contrast pictures of cells before and after culture with or without
5 ug/mL cisplatin, for 5 days in the case of #1 and #2 and 10 days in the case of #3 and #4.

(Fig. 6B). Thus, the early decrease in glucose uptake after cis-
platin treatment might be a marker of cisplatin sensitivity in
clinical ovarian cancers.

Discussion

The decrease of glucose uptake and oxygen consumption at an
early point after cisplatin treatment was observed. It was not
likely to be the consequence of non-specific events following
exposure to the cytotoxic agent, as other cellular function was
maintained, including membrane integrity (Fig. 1A), mitochon-
drial reductase activity (Fig. 1B), mitochondrial membrane
potential (Fig. 4B), mRNA levels of house-keeping genes (TBP
in Fig. 3A,B) and GLUT1 protein levels (Fig. 3C). This early
decrease in glucose uptake was not observed in cisplatin-resis-
tant cancer cells. These findings were also applicable to primary
cultures of clinical samples.

The molecular mechanism underlying the decrease in glucose
uptake after cisplatin treatment is not completely understood.
Although cisplatin is known to be a DNA-damaging agent, <1%

2176

of cisplatin binding is to nuclear DNA, most binding is to mito-
chondrial DNA, phospholipids and other molecules.®" Indeed,
cisplatin is reported to affect multiple cellular components, not
just DNA, but also RNA, plasma membrane, microfilaments,
mitochondria and endoplasmic reticulum.® b Consequently,
there are many possible mechanisms for an acute decrease in
glucose uptake.

We observed a rapid change in the distribution of GLUTI
after cisplatin treatment. The interaction between cisplatin and
the plasma membrane might affect GLUT1 distribution. Cis-
platin also possibly binds to tublin and inhibits the transport of
GLUT! to the plasma membrane.

We tested the hypothesis that the acute decrease in glucose
uptake by cancer cells after cisplatin treatment is a secondary
effect of impaired mitochondrial function. Cisplatin accumu-
lates in mitochondria as mentioned above, and cisplatin pref-
erentially binds to voltage-dependent anion channels (VDAC)
that exist on the mitochondrial outer membrane.®> Therefore,
cisplatin could affect mitochondrial function. However,
we revealed that the down-regulation of glucose uptake

doi: 10.1111/j.1349-7006.2010.01670.x
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proceeded changes in the MTS assay, and the mitochondrial
membrane potential was not impaired when glucose uptake
was already reduced. Mitochondria are not likely to be the
primary site of cisplatin effects.

Perturbation of the glycolysis—mitochondria interaction is
another possible mechanism. Cancer cells exhibit a high rate of
glycolysis,” and increased expression of HK2 is thought to be
one of the reasons for this high rate. HK2 phosphorylates glu-
cose to produce glucose 6-phosphate (G-6-P) in an ATP-depen-
dent manner. The majority of HK2 binds to VDAC in order to
easily use mitochondrial ATP.®® Cisplatin reportedly releases
HK2 from VDAC,®® after which glucose phosphorylation
might become less efficient, followed by the down-regulation of
glycolysis-related genes and glucose uptake. In addition, AKT is
reportedly activated in cisplatin-resistant ovarian cancer cells
due to the anti-apoptosis signals. AKT also enhances the binding
of VDAC and HK2,% which might explain the minimal change
in glucose uptake by cisplatin-resistant cells in our study.

Here, we showed that an early decrease in glucose uptake
after cisplatin treatment correlates with later sensitivity to the
drug. Although it is possible that the decreased glucose uptake
is the direct cause of the cytotoxic effect, the substantial delay
in cell death after the reduction suggests that the events are inde-
pendent. Cellular cisplatin usgtake is known to be a critical
parameter for sensitivity,*>" and the reduction in glucose
uptake might reflect the cisplatin levels in the cell.

An early decrease in glucose uptake after treatment with che-
motherapeutic drugs was previously reported in other cancers.
For example, decreased glucose uptake was observed in a GIST
cell line 2 h after imatinib treatment,"® a breast cancer cell line
1 h after 5-FU,"" and in a breast cancer cell line 4 h after 5-FU
and doxorubicin.?” To the best of our knowledge, this report is
the first to detect early reduced glucose uptake after cisplatin
treatment in ovarian cancer.

We used 2-NBDG, a fluorescent D-glucose derivative, to
monitor glucose uptake. 2-NBDG was initiall%developed to dis-
tinguish viable Escherichia coli in 1996.“® The uptake of
2-NBDG is inhibited by D-glucose, and it is incorporated into a
cell through GLUT.“" Once inside the cells, 2-NBDG, like
other 2-DG derivatives, is rapidly phosphorylated at the C-6
position by hexokinase.*> Recently, 2-NBDG was shown to be
useful for monitoring glucose uptake in a variety of mammalian
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and cancer cells.*"***% 2_NBDG is much more sensitive than
measuring the change in the glucose concentration of the med-
ium. A radioactive isotope has been used to measure glucose
uptake, but 2-NBDG can be used more safely in the laboratory.
In addition, we showed that flow cytometric analysis with
2-NBDG is useful for detecting subtle and early changes in
glucose uptake.

FDG-PET is widely used in clinical practice to diagnose vari-
ous cancers. A decrease of the standard uptake value (SUV),
which represents glucose uptake, can be detected before the size
of the tumor changes in lung cancer and esophageal can-
cer."148 Avyril er al"¥ characterized a group of ovarian cancer
patients with decreased SUV after one or three courses of che-
motherapy as metabolic responders and non-responders. The
prognosis was better in metabolic responders than non-respond-
ers. These reports suggest that glucose metabolism changes in
cancer cells in vivo over a short period of time after chemother-
apy, which is compatible with our i vitro results.

Adjuvant therapy improves the pro%nosis after surgical tumor
removal, even in advanced cases, ¥ % but PET cannot be
used to evaluate chemosensitivity after surgery because it is only
useful when the tumor size is more than ~1 cm. An in vitro
2-NBDG chemosensitivity assay of the surgically removed spec-
imen can provide information for designing adjuvant therapy.
Also, the assay can be applied to recurrent diseases or patients
with a tumor that cannot be removed surgically; biopsy samples
would be enough for the assay. In addition, the assay can be
performed within a short period of time, and does not require a
long time culture, although culture conditions require further
improvement for application to every patient sample.
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article:

Fig. S1. SKOV-3 cells and OVCAR-3 cells were treated with cisplatin at the indicated doses. (A) Cell death was assessed by the number of dead
cells per total cell number. The values relative to the untreated control group are shown. The white bars indicate 3 h and black bars 24 h after cis-
platin treatment. The results are the normalized mean values for three independent replicates. The experiments were repeated three times, and rep-
resentative results are shown. (B) The apoptotic events in OVCAR-3 cells were assessed by flow cytometry with annexin V/PI staining.

Appendix S1. Materials and methods.
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Disease-free Interval after Primary Treatment Predicts
Prognosis of Recurrent Endometrial Carcinoma

YUTAKA UEDAL™, YUKI MATSUMURA!", TOMOMI EGAWA-TAKATA ',
TAKAHITO MIYAKEZ2, TAKASHI MIYATAKE!, KIYOSHI YOSHINO!, MASAMI FUJITA!,
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Osaka University Graduate School of Medicine, Suita, Osaka, 565-0871, Japan;
2Department of Obstetrics and Gynecology, Osaka Rosai Hospital, Kita-ku, Sakai, Osaka, 591-8025, Japan

Abstract. Aim: The aim of this study was to determine if
the disease-free interval after initial surgical resection has
any useful prognostic value for recurrent endomerrial
carcinoma patients. Patients and Methods: Between 1998
and 2007, complete resection of endometrial carcinoma was
achieved in 536 cases at the Departments of Obstetrics and
Gynecology of the Osaka University and Osaka Rosai
Hospitals of Osaka, Japan. Clinical characteristics of these
cases were retrospectively reviewed. Results: Recurrence was
subsequently detected in 54 cases. Overall survival after
recurrence in 27 patients with recurrences earlier than 12
months who received no postoperative therapy, radiation,
and chemotherapy as an adjuvant therapy were significantly
shorter than that of those with recurrences later than 12
months with similar treatments. Multivariate analysis
demonstrated that the disease-free interval was an
independent factor for prognosis. Conclusion: We
demonstrate a significantly worse prognosis in cases with
early versus late recurrence of resected endometrial
carcinomas, irrespective of the type of adjuvant therapy.

The incidence of uterine endometrial carcinoma, already the
most common malignancy of the female pelvis and the

fourth most common cancer of women in the United States,

has increased steadily during the last three decades (1, 2}.

*Both Authors contributed equally to this study.
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The prognostic factors for the disease include the tumor
histological type and differentiation, disease stage, peritoneal
cytology, myometrial invasion and extrauterine metastasis (1,
2). In the past, radiation therapy alone was performed for
endometrial cancer; however, current treatment, even for
early stage endometrial cancer without any risk factors,
usually consists of hysterectomy and salpingo-oophorectomy,
with or without retroperitoneal lymph node dissection.
Patients with poor prognostic factors in the past often
underwent postoperative irradiation therapy; however, a
randomized study revealed that combined chemotherapy was
superior to whole abdominal irradiation as the adjuvant
therapy in advanced diseases (EORTC #55872) (3).
Cytoreductive surgery for extrauterine disease followed by
systemic chemotherapy is now performed as the suggested
standard of care (4).

A previous systematic review showed that 13% of treated
endometrial cancer cases went on to develop a recurrence
(5). Unfortunately, 3 to 19 years after treatment for such
recurrence, only 7.7% of the patients survived without
evidence of the disease (2). Recurrences restricted to the
vaginal vault have been shown to be relatively better treated
with radiotherapy. However, in most cases of relapse, the
disease has spread to other sites, including pelvic and para-
aortic lymph nodes, the peritoneum of the pelvis and
abdominal cavity, and the lungs. For these cases, systemic
chemotherapy is usually superior.

Most recurrences are detected within the first two years
after primary surgery (6-9). The prognostic significance of
this disease-free interval (DFI) has been highly controversial
(6,7,9-17). These studies included some patients who were
treated by radiotherapy alone without surgery, and the
majority of patients whose tumor was surgically resected
either received no adjuvant therapy or underwent
postoperative radiotherapy. Our own data (unpublished)
provided us with evidence that the majority of refractory or
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Figure 1. Overall survival (OS) after recurrence by disease-free interval
in those who did not undergo adjuvant therapy. The median OS after
recurrence is shown in the cases where, at the initial treatment Jor
endometrial cancer, any adjuvant therapy following surgery was
performed. The OS of the early recurrent cases (<12 months from the
initial surgery) was significanily shorter than that of the late ones (212
months) (p=0.028 by the log-rank test).

recurrent diseases occurring within 6 months of first-line
chemotherapy are non-responsive to the current regimens of
second-line chemotherapy. The recent widespread trend is to
use chemotherapy as the preferred adjuvant therapy instead
of radiotherapy for resected endometrial cancer.

We have now re-examined the prognostic significance of
the time to recurrence in cases in which no adjuvant therapy
was performed, those in which radiation was performed, and
those which underwent adjuvant chemotherapy. We
performed a comparison of the prognosis of the patients
whose tumor recurred within 12 months from the primary
surgical therapy and those detected after 12 months and we
investigated the association of DFI with other factors, such
as the type of adjuvant therapy, and its prognostic
significance of recurrent endometrial carcinoma.

Patients and Methods

Patients. During the 10-year study period of 1998 to 2007, 555
endometrial carcinomas were diagnosed and treated within the
Departments of Obstetrics and Gynecology of the Osaka University
Hospital and of the Osaka Rosai Hospital of Osaka, Japan. The
patients were all ethnically Asian. The diagnosis was histologically
confirmed by pathologists within the respective Departments of
Pathology. Complete surgical removal of the disease by total
abdominal hysterectomy, bilateral salpingo-oophorectomy, staging,
and a maximum cytoreduction, including a retroperitoneal lymph-
node dissection, was provisionally achieved in 536 out of the 555
cases. Following surgery, adjuvant radiotherapy or chemotherapy
was indicated in 284 cases having risk factors that included serous
and clear cell adenocarcinomas, grade 3 endometrioid carcinoma
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Figure 2. Overall survival (OS) after recurrence by disease-free interval
in those who underwent adjuvant radiotherapy. The median OS after
recurrence is shown in the cases where adjuvant radiation was
performed at the initial reatment for endometrial cancer. The OS of the
early recurrent cases (<12 months from the initial surgery) was
significantly shorter than that of the late ones (212 months) (p=0.0005
by the log-rank rest).

with myometrial invasion, outer-wall myometrial invasion,
remarkable lymph-vascular involvement, or development of tumors
outside of the uterus. Fifty-one patients did not agree to receive any
adjuvant therapy; 138 patients underwent adjuvant chemotherapy
(paclitaxel, epirubicin and carboplatin (TEC) in 98 patients;
paclitaxel and carboplatin (TC) in 29 patients; cisplatin, adriamycin
and cyclophosphamide (CAP) in 8 patients; and some other regimen
in 3 patients); 95 patients received adjuvant radiation therapy.
Adjuvant therapy was not indicated for the 252 patients with low or
no risk factors. After the initial tumor treatment, all patients received
periodic intensive follow-up that included combinations of a pelvic-
rectal examination, vaginal-vault cytology, and transvaginal
ultrasonography (TV-USG), a computed tomography (CT) scan,
chest X-ray and tumor marker analyses.

In the 45 cases in which recurrent diseases were detected,
intensive rescue treatments, including surgical resection, radiation,
and chemotherapy, were performed, except for those patients whose
performance status was judged to be too poor for them to receive
any therapy, or those who preferred watchful observation over
intensive treatment.

Methods. We retrospectively reviewed the patients’ characteristics
and the clinicopathological features of all cases of endometrial
carcinoma recurrence, utilizing their clinical records, which
included physical examination notes, radiological reports, operation
records and histology reports. Progression-free survival (PFS) after
recurrence was measured from the date of diagnosis of the
recurrence to the date of subsequent radiologic or pathologic relapse
of the disease, or, in subsequently disease-free patients, to the date
of their last known follow-up visit. Overall survival (OS) after
recurrence was defined as the period from the diagnosis of the
recurrence to the patient’s disease-specific death, or to the date of
their last known follow-up.
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Figure 3. Overall survival (OS) after recurrence by disease-free interval
in those who underwent adjuvamt chemotherapy. The median OS after
recurrence is shown in the cases where adjuvant chemotherapy was
performed at the initial treatment for endometrial cancer. The OS of the
early recurrent cases (<I2 months from the initial surgery) was
significantly shorter than that of the late ones (212 months) (p=0.017 by
the log-rank test).

Statistical analysis. The clinicopathological characteristics of
patients with recurrences that were diagnosed between early (<12
months from the initial treatment) and late (=12 months) time
periods were analyzed by Fisher’s exact test, Pearson’s chi-square
(%?) test and the Mann-Whitney U-test. The patients with recurrence
were divided into three groups according to the kind of adjuvant
therapy they received: no adjuvant therapy group, radiation group,
and chemotherapy group. Survival curves for the patients with early
and late recurrences in each group were constructed using the
Kaplan-Meier method and these results were evaluated for statistical
significance by the log-rank test. A multivariate Cox proportional
hazards model was used to determine the significantly important
factors for survival of patients with recurrent endometrial cancer.
The variables considered were: age of the patients, histology, the
initial stage, adjuvant therapy, DFI, recurrent site, symptoms present
at the time of detection of recurrence, and the treatment given for
the recurrent disease. The results were considered to be significant
when the p-value was less than 0.05.

Statements of ethics or conflicts of interest. Our Institutional Review
Board and Ethics Committee approved this study. There were no
known conflicts of interest.

Results

Clinical characteristics of the patients with recurrent
endometrial cancer. During their post-surgical follow-up
period (median 43 months, range 2-108 months), a recurrence
was detected in 54 (10%) out of the 536 completely resected
cases. The clinical characteristics of these cases are shown in
Table I. Adjuvant therapy was performed in 34 of the 54 cases
at initial treatment of their endometrial carcinoma. Fifteen

patients received radiation and 19 patients underwent
chemotherapy. Twenty-seven cases (50%) recurred in less
than 12 months from the initial surgery and the other 27 cases
(50%) recurred after 12 months.

Survival prognosis of the early and late recurrent cases. The
OS of the early recurrent cases was significantly worse than
that of the late ones (p<0.0001 by the log-rank test).
Histology (endometrioid versus non-endometrioid), initial
stage (I/II versus IIVIV), adjuvant therapy (none versus
radiation versus chemotherapy), symptom at recurrence
(symptomatic versus asymptomatic), site of recurrence
(localized versus metastatic) and treatment for recurrence
(none versus performed) did not show any significant
difference between early and late recurrent cases. However,
the median ages of patient with early and late recurrences
were 57 (33-83) and 62 (41-77) years, exhibiting a
statistically significant difference (»=0.021 by the Mann-
Whitney U-test) (data not shown).

The OS of the early and late recurrent cases were
evaluated in each adjuvant therapy group. In those who did
not undergo any adjuvant therapy, recurrence was detected
early (<12 months) in 11 patients and late (=12 months) in 9
patients. The median OS of the early and the late recurrent
cases were 13 months and 41 months, respectively,
demonstrating a statistically significant difference (p=0.028
by the log-rank test) (Figure 1). In those who received
radiation as an adjuvant therapy, recurrence was detected
early in 8 patients and late in 7 patients. The median OS of
the early and the late recurrent cases were 15 months and 42
months, respectively, also demonstrating a statistically
significant difference (p=0.0005 by the log-rank test) (Figure
2). In those who underwent adjuvant chemotherapy,
recurrence was detected early in 8 patients and late in 11
patients. The median OS of the early recurrent cases was
12.5 months. On the other hand, it was not possible to
calculate the OS of the late ones because more than the half
(8 out of 11) of the patients were still alive at the time of our
last analysis. However, OS curves for 8§ early and 11 late
recurrences were constructed using the Kaplan-Meier
method, demonstrating a statistically significant difference
between them (p=0.017 by the log-rank test) (Figure 3).

Mudtivariate Cox proportional hazards analysis for recurrent
endometrial cancer. The prognostic significance of factors
including the age of the patients, histology, the initial stage,
adjuvant therapy, DFI, recurrent site, presence of symptoms
at the time of the detection of recurrence and the treatment
for recurrent diseases in the recurrent endometrial carcinoma
cases were evaluated by a multivariate Cox proportional
hazards model. The age of the patients (<60 versus =60
years), initial stage (stages I/II versus stages III/IV),
symptoms at detection of recurrence (symptomatic versus

4349

—221-



ANTICANCER RESEARCH 30: 4347-4352 (2010)

Table 1. Clinical characteristics of patients with recurrent endometrial
cancer.

Table II. Multivariate Cox proportional hazards analysis for prognostic
factors of recurrent endometrial carcinoma.

Characteristic Variable Adjusted HR ~ 95% CI p-Value
Number (cases) 54 Age (years)
Median age (year) 59 (33-83) <60 1
Histology (cases) =260 0.796 0.347-1.828 059
Endometrioid 40 Histology
Non-endometrioid* 14 Endometrioid 1
Initial stage (cases) Non-endometrioid* 2.773 1.221-6.300 0015
111 17 Initial stage
v 37 i 1
Adjuvant therapy (cases) v 1.089 0.483-2.457 0.84
None 20 Adjuvant therapy
Radiation 15 None 1
Chemotherapy 19 Radiation 1.572 0.678-3.646 029
Symptoms at recurrence (cases) Chemotherapy 1.151 0.395-3.348 0.55
Asypmtomatic 29 Symptoms at recurrence
Symptomatic 25 Asyptomatic 1
Site of recurrence (cases) Symptomatic 1.214 0.575-2.564 0.61
Local alone 29 Site of recurrence
Distant** 25 Local alone 1
DFI (cases) Distant** 0917 0.449-1.869 0.81
212 months 27 DFI
<12 months 27 212 months 1
Treatment for recurrence (cases) <12 months 9.724 3.166-29.870 <0.0001
None 9 Treatment for recurrence
Performed 45 Performed i
None 6.428 2.341-17.650 0.0003

*Non-endomeirioid: serous adenocarcinoma, clear cell adenocarcinoma,
mucinous adenocarcinoma and other histological types. **Distant:
recurrence out of the pelvis, with or without local vaginal vault recurrence.

asymptomatic) and site of recurrence (local alone versus
distant) were not demonstrated to be significant predictors
for prognosis of recurrent endometrial carcinoma cases
(Table II). The type of adjuvant therapy (none versus
radiation versus chemotherapy) also did not exhibit statistical
significance for prognosis.

However, having a non-endometrioid type of histology
showed an adjusted hazard ratio (HR) of 2.773 (95%
confidence interval (CI)=1.221-6.300, p=0.015), and
receiving no treatment for the recurrent disease also showed
an adjusted HR of 6.428 (95% CI=2.341-17.650, p=0.0003).
An adjusted HR for DFI <12 months was 9.724 (95%
CI=3.166-29.870, p<0.0001), demonstrating that DFI was an
independent predictor for prognosis of recurrent endometrial
cancer cases.

Discussion
Endometrial adenocarcinoma, already the most common
female pelvic malignancy in the United States, is increasing

(1, 2). Although early endometrial cancer can sometimes be
treated successfully by surgical resection alone, the current
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*Non-endometrioid: serous adenocarcinoma, clear cell adenocarcinoma,
mucinous adenocarcinoma and other histological types. ** Distant:
recurrence out of the pelvis, with or without local vaginal vault
recurrence.

trend for initial treatment consists of surgical resection and
postoperative chemotherapy. We have recently shown that
even for advanced cases with distant metastasis,
cytoreductive surgery for the metastases followed by
postoperative chemotherapy can be effective (4).

Despite good initial intensive treatments, recurrences still
develop in around 13% of patients (5). For these recurrences,
combinations of surgery, radiation and chemotherapy are
performed. However, in most cases of relapse the disease has
spread to distant sites, and for these cases aggressive
systemic chemotherapy is usually required (1,2).

The prognostic significance of the DFI following surgery
has been highly controversial. A recent study demonstrated a
significant impact of DFI (<24 versus >24 months) on the
OS of patients with recurrent endometrial cancer (18). In
their series, 7% of the patients were treated by radiation
alone without surgery. Adjuvant radiation therapy following
primary surgery was performed in 70.1% of the recurrent
cases. Another recent study did not, however, demonstrate a
significant impact of DFI (<12 months versus =12 months)
on OS (17). In their study, 10% of the patients were treated

—222-



Ueda er al: Prognosis Prediction of Recurrent Endometrial Carcinoma

by radiation, not by surgery. The number of patients who
received adjuvant therapy following primary surgery and the
types of therapy were not described. Based on our own
unpublished data, which show that the majority of refractory
or recurrent diseases, occurring within 6 months of a first-
line chemotherapy are non-respomsive to the current
regimens of second-line chemotherapy, DFI may be a
possible predictor for prognosis of recurrent endometrial
cancer cases, especially in those cases where adjuvant
chemotherapy was performed.

In our present examination of the significance of DFI on
the prognosis of patients with recurrent endometrial cancer,
only the patients whe were treated by surgery during the
primary treatment were enrolled in the study. The recurrent
cases were divided into three groups by kinds of adjuvant
therapy: no adjuvant therapy group, radiation group, and
chemotherapy group. Recurrence was detected in 54 (10%)
out of the 536 completely resected cases, compatible with a
previously described recurrence rate (5). The reason why the
median age of 57 (33-83) years for early recurrence is
somewhat younger than that of 62 (41-77) years for late
recurrence is unclear. The OS of the early recurrent cases
was significantly shorter than that of the late recurrences in
all the adjuvant therapy groups: p=0.028 for those who did
not receive any adjuvant therapy, p=0.0005 for those who
underwent adjuvant radiation, and p=0.017 for those who
received adjuvant chemotherapy. These results clearly show,
for the first time, that DFI is an important predictor for
prognosis of recurrent endometrial carcinoma, irrespective of
the type of adjuvant therapy.

Morecover, a multivariate Cox proportional hazards model
analysis reveals that having a non-endometrioid type of
tumor histology, no treatment for recurrent disease, and DFI
were each of independent significance for OS after
recurrence. Especially significant was an adjusted HR for
DFI <12 months, which was 9.724 (95% CI=3.166-29.870,
p<0.0001), demonstrating that among those clinical factors
studied, DFI was the most important predictor for prognosis
of recurrent endometrial cancer cases (Table II). The type of
adjuvant therapy (none versus radiation versus
chemotherapy) also did not exhibit statistical significance for

prognosis. On the other hand, symptoms at detection of '

tecurrence, which our previous study had suggested to have
a prognostic significance by univariate analysis, did not
exhibit a significant impact on prognosis when examined by
multivariate Cox analysis (19).

Our present study, for the first time, clearly demonstrates
that DFI after recurrence is an extremely important predictor
for prognosis of recurrent endometrial cancer cases. Recurrent
endometrial cancer is usually highly difficult to cure
completely, with the exception of when the recurrence is
completely restricted, which can usually be successfully treated
by surgery or radiation therapy (!, 2, 20). Especially, early

recurrent tamors after previous chemotherapy was shown to
exhibit extreme resistance to second-line chemotherapy (21).

In our studies, we have found that appropriate treatment
for recurrent diseases does significantly improve the
prognosis when compared to observation alone or palliative
care. However, we have also found that the prognosis of
cases which recur the earliest remains quite poor. Further
investigatious are required to find more useful predictors for
recusrent endometrial cancer outcome and to establish better
treatment plans for this disease.
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Abstract

Background The number of young patients with cervical
cancer has been increasing recently in Japan. Radical tra-
chelectomy is a potential option for patients who wish to
preserve their fertility, but its status is not clear. The
present survey was conducted to clarify the status of radical
trachelectomy in Japan.

Methods Questionnaires were mailed to 164 selected
institutions based on tumor registration with the Japanese
Obstetrics Gynecology Society. The subjects were patients
undergoing radical trachelectomy between 2000 and 2008.
Results  The response rate to the questionnaire was 88.4%
(145/164). Radical trachelectomy was performed on 269
patients in 26 institutions (17.9%) . Most cases (74.7%,
201/269) underwent an abdominal approach. Three insti-
tutions had performed more than 21 cases (max. 61 cases),
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whereas 8 institutions had performed only one case.
Twenty pregnancies and 13 deliveries were achieved and
the frequency of delivery later than the 29th gestational
week was 62% (8/13). “Tumor size <2 cm (81%)” and
“stage <Ibl (96%)” were commonly regarded as indica-
tions for radical trachelectomy. On the other hand, 46% of
the centers did not consider the histological type as an
indication.

Conclusion This survey is the first report on the current
status of radical trachelectomy in Japan. It reveals a dif-
ference in the criteria for surgery applied in each
institution.

Keywords Cervical cancer - Radical trachelectomy -
Fertility-sparing

T. Nagano
Department of Obstetrics and Gynecology, Kitano Hospital,
Osaka, Japan

N. Yaegashi
Department of Obstetrics and Gynecology,
Tohoku University School of Medicine, Sendai, Japan

T. Enomoto

Department of Obstetrics and Gynecology,
Osaka University Graduate School of Medicine,
Osaka, Japan

J. Kigawa
Cancer Center, Tottori University Hospital, Tottori, Japan

@ Springer

—225-



Int J Clin Oncol

Introduction

Cervical cancer is the second most common female can-
cer [I]. Radical hysterectomy is generally considered a
therapeutic option for patients with stage Ib cervical
cancer; in Japan, most patients with stage Ib are treated
with radical hysterectomy. Approximately 15% of all
cervical cancers and 45% of surgically treated stage Ib
cancers occur in women under the age of 40 [2].
Recently, the incidence of young patients with cervical
cancer has increased, and many women are diagnosed
with this cancer during their reproductive years [3].
Accordingly, fertility preservation is an important issue
for gynecological oncologists.

Radical trachelectomy was introduced as an alternative
to radical hysterectomy for the treatment of young patients
with cervical cancer wishing to preserve their fertility [4].
There are many reports on radical trachelectomy [5-8];
however, its status is not clear in Japan. We therefore
conducted a questionnaire survey to clarify the current
status of radical trachelectomy in Japan.

Material and methods

One hundred and sixty-four institutions were selected
based on tumor registration with the Japanese Obstetrics
Gynecology Society. These included all of the main insti-
tutions in Japan, and were sent a questionnaire asking about
subjects undergoing radical trachelectomy between 2000
and 2008, including the number of radical trachelectomies
and pregnancies after surgery, and eligibility. Data were
collected from the patients’ medical records.

Results

Responses to questionnaire were obtained from 145 insti-
tutions (response rate 88.4%). Of 145 institutions, 26
(17.9%) performed radical trachelectomy, and 269 patients
had undergone radical trachelectomy (abdominal approach
201, laparoscopic approach 40, vaginal approach 28). The
number of surgeries ranged from 1 to 61 (Table 1). Three
institutions had treated over 20 cases, whereas 8§ institu-
tions had treated only one case. Among the 269 patients
who had undergone radical trachelectomy, 20 women
became pregnant, and 13 delivered. There were only 3 term
deliveries (Table 2).

The indications for radical trachelectomy were widely
distributed (Fig. 1). “Tumor size <2 cm (81%)” and
“stage <Ibl (96%)” were commonly regarded as indica-
tions. On the other hand, 46% of the institutions did not
consider the histological type as an indication.

@ Springer

Table 1 Distribution of patients undergoing radical trachelectomy

Number Institutions
<5 17

6-10 2

11-20

>21 3

The number of surgeries ranged from 1 to 61. Three institutions had
performed more than 21 cases, whereas 8 institutions had performed
only one case

Table 2 Obstetric outcomes

Gestational week Number
<21 weeks 7
21-28 weeks 5
29-32 weeks 2
33-36 weeks 3
>37 weeks 3
Total 20

Twenty pregnancies and 13 deliveries were achieved and the
frequency of delivery later than the 29th gestational week was 62%
(8/13)

Discussion

The recommended surgical treatment for women with stage
Ib2-Ibl cervical cancer is a radical hysterectomy and
bilateral pelvic lymphadenectomy [9]; however, many
women diagnosed with cervical cancer have not completed
their childbearing. There is increasing evidence in the lit-
erature that radical trachelectomy is a viable option for
young women with cervical cancer who wish to preserve
their fertility [10, 11]; however, the eligibility for this
procedure is controversial. Additionally, the status of rad-
ical trachelectomy is not clear [3, 4, 12]. This is the first
report concerning its status in Japan.

Because the response rate was extremely high (88.4%)
in this survey, our results should be reliable and describe
the actual situation in Japan. Although 26 institutions had
performed radical trachelectomy, over half of the patients
(55.3%) had received the surgery in only 3 institutions. On
the other hand, 8 institutions had treated only one case. In
our series, 74.7% patients had undergone radical trache-
lectomy with an abdominal approach. Additionally, total
laparoscopic surgery was performed in only one institution.
In the literature, the vaginal approach has been slow to be
adopted, mainly because most gynecological oncologists
are not trained in radical vaginal surgery [3].

As regards the obstetric outcomes, 20 women became
pregnant, resulting in 7 abortions before 22 gestational
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Fig. 1 Surgical indications for radical trachelectomy. Different
criteria for radical trachelectomy were applied in each institution.
“Tumor size <2cm (81%)” and “stage <Ibl (96%)” were
commonly regarded as indications for radical trachelectomy. On the
other hand, 46% of the centers did not consider the histological type
as an indication

weeks and 13 deliveries. The frequency of delivery later
than the 29th gestational week was 62% (8/13). Few
obstetric outcomes with radical trachelectomy have been
reported in Japan. Those results suggested that the man-
agement after radical trachelectomy, including high risk
pregnancy, is important.

The criteria for performing radical trachelectomy have
been reported by several authors [3-6]. The suggested
criteria were, in principle, as follows: “A desire for future
fertility”, “FIGO stage Ial with lymphovascular invasion,
stage Ia2, or Ib1”, “Tumor size <2 cm”, “Tumor limited
to the cervix”, and “No evidence of pelvic lymph node
metastasis and/or other distant metastasis”. Indications
such as “Tumor size <2 cm” and “Stage lal-Ibl” were
commonly acceptable in our series. On the other hand, this
survey revealed a difference in the surgical criteria applied
in each institution. Radical trachelectomy for patients with
tumor size >2 c¢m or over stage Ib2 was carried out in only
a few institutions, and the outcome of patients was not
good (data not shown).

The present study suggests that a consensus on radical
trachelectomy is necessary in Japan. Further experience of
radical trachelectomy in Japan will help to delineate the
indications for surgery and the prognosis.
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