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paclitaxel after surgery in

patients with high-risk
endometrial cancer. Toxic-
ities were not excessive, and
91.2% of the enrolled pa-
tients completed the planned
courses of concurrent
chemotherapy with minimal
delays. We also demon-
strated a favorable outcome
in 5-year disease-free and
overall survival. This
approach produced favorable
results and appears reason-
able to be evaluated for effi-
cacy in a prospective,
randomized controlled study.
to 5040 cGy in 5 fractions per week for 6 weeks. Paclitaxel 60 mg/m2 was adminis-
tered once weekly for 5 weeks during radiation therapy.
Results: Fifty-seven patients were enrolled between January 2006 and March 2008.
The median follow-up time was 60.0 months (95% confidence interval [CI], 51.0-
58.2). All grade 3/4 toxicities were hematologic and usually self-limited. There was
no life-threatening toxicity. The cumulative incidence of intrapelvic recurrence sites
was 1.9% (1/52), and the cumulative incidence of extrapelvic recurrence sites was
34.6% (18/52). The estimated 5-year disease-free and overall survival rates were
63.5% (95% CI, 50.4-76.5) and 82.7% (95% CI, 72.4-92.9), respectively.
Conclusions: Concurrent chemoradiation with weekly paclitaxel is well tolerated and
seems to be effective for high-risk endometrioid endometrial cancers. This approach
appears reasonable to be tested for efficacy in a prospective, randomized controlled
study. � 2014 Elsevier Inc.
Introduction

Endometrial cancer is the most common malignant cancer
among women in developed countries, and the number of
patients diagnosed with endometrial cancer continues to
increase in countries such as Korea and the United States
(1). Although patients with early stages of endometrial
cancer can be cured by surgery alone, those with advanced
endometrial cancer commonly experience local or distant
recurrence (2). Often, adjuvant chemotherapy or radiation
therapy is applied to reduce the rate of recurrence, but an
optimal adjuvant therapy for advanced endometrial cancer
remains to be determined.

Not long ago, postoperative radiation therapy was the
most commonly used and effective adjuvant treatment for
high-risk endometrial cancer. Although whole pelvic irra-
diation with or without extended fields can efficiently
reduce the risk of local and regional recurrence, its inability
to reduce the risk of distant recurrence outside the irradi-
ation field thwarts its effectiveness in improving long-term
survival (3). As a result, whole abdominal irradiation (WAI)
is applied to overcome this limitation, but many patients
with stage III/IV disease still experience local/regional or
distant recurrence. By contrast, adjuvant chemotherapy has
been shown to be more effective in preventing distant
metastasis (4), although the efficacy of chemotherapy alone
remains inconclusive because of its association with a high
risk of pelvic recurrence (5). Because of these differences,
the combination of chemotherapy and radiation therapy
after surgery is used to eradicate local/regional residual
disease and to prevent distant metastasis among patients
with high-risk endometrial cancer (6).

At present, a weekly prescription of cisplatin is the
primary approach in concurrent chemoradiation in
numerous settings. However, various agents, including
paclitaxel, have been recognized as potent radiosensitizers
(7). Concomitant radiation therapy and weekly single-
agent paclitaxel 60 mg/m2 have been evaluated in pa-
tients with high-risk endometrial cancer (8). Experience in
treating cervical cancer also suggests that applying pacli-
taxel concurrently with pelvic radiation is both active and
tolerable (9). Given the activity of paclitaxel as a single
agent against endometrial cancer and its radiosensitizing
properties, we hypothesized that combining paclitaxel
with radiation therapy might reduce the toxicity of sys-
temic chemotherapy without compromising the treatment
efficacy for patients with high-risk endometrial cancer.
Here, we describe a phase 2 trial undertaken by the Korean
Gynecologic Oncology Group to evaluate the survival rate,
incidence of local/regional and distant relapse, and
toxicity of concomitant weekly paclitaxel and radiation
therapy treatment in patients with stage III/IV endometrial
cancer.

Methods and Materials

Patient selection and eligibility criteria

Patients aged �20 and �80 years with histologic diagnoses
of International Federation of Gynecology and Obstetrics
(FIGO) (1988) stage III or IV endometrioid adenocarci-
noma and without having had any prior surgery, chemo-
therapy, or radiation therapy for the treatment of any other
cancers were enrolled in this study. Patients were given a
staging laparotomy, including a total abdominal hysterec-
tomy, bilateral salpingo-oophorectomy, pelvic and para-
aortic lymphadenectomy, and peritoneal washing cytology,
and they were required to have an Eastern Cooperative
Oncology Group performance status of 0 to 2. Patients with
diagnoses of other cancers or severe infection requiring
parenteral antibiotics; those with a history of cardiac
arrhythmia, congestive heart failure, or myocardial
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infarction within the previous 6 months; or those with un-
controlled infection, diabetes or hypertension, or compro-
mised cardiac, renal, liver, or bone marrow functions were
not enrolled. All patients provided informed consent to
participate in a randomized study, and all institutions
participating in the protocol obtained the approval of their
institutional review boards. A central pathology review was
not conducted. Registration and initiation of treatment were
performed mandatorily within 6 weeks of surgery, with
radiation therapy beginning 2 days before or after the first
chemotherapy.

Radiation therapy

All eligible patients completed a course of external pelvic
radiation comprising a total dose of 4500 to 5040 cGy
given in 5 fractions per week (180-200 cGy per day) for a
total of 25 to 28 fractions. Pelvic radiation was performed
using a standard 4-field box technique with x-ray energy
magnitude >10 MV. Extended field irradiation was per-
formed on the patients with positive para-aortic lymph
nodes. Radiation therapy was delayed up to 2 weeks in
patients whose absolute neutrophil count was <500/mm3 or
who experienced radiation-related gastrointestinal or geni-
tourinary toxicity.

Chemotherapy

Paclitaxel (60 mg/m2) diluted in 500 mL of 5% dextrose in
water was administered intravenously for 3 hours once per
week for a total of 6 weeks. Standard anaphylaxis pre-
medication was also administered. Unless the patient had
febrile neutropenia or persistent grade 4 neutropenia,
colony-stimulating agents were not used during the periods
of radiation therapy.

Treatment modifications

Dose modification of paclitaxel was based on the greatest
toxicity grade using the National Cancer Institute Common
Toxicity Criteria for Adverse Events, version 3.0. Chemo-
therapy was repeated every week, providing that the pa-
tient’s absolute neutrophil count recovered to �1500/mm3

and the platelet count was �75,000/mm3. The paclitaxel
dose was reduced by 20% (48 mg/m2) if the patient’s nadir
absolute neutrophil count of <1500/mm3 and/or the nadir
platelet count of <75,000/mm3 persisted between 1 to
2 weeks or if febrile neutropenia occurred. Chemotherapy
was also delayed up to 2 weeks in patients who experienced
grade 3 or 4 nonhematologic adverse events.

Follow-up

All patients were followed up for 5 years after surgery.
Radiologic assessments of disease were conducted by
chest x-ray and by abdominal-pelvic computed
tomography (CT) or magnetic resonance imaging (MRI),
both of which were conducted every 6 months in the first
2 years and annually thereafter until 5 years after surgery.
In addition, patients were evaluated by pelvic examination,
serum CA125 level, and Papanicolaou tests at an outpa-
tient clinic every 3 months in the first 2 years and every
6 months thereafter for 5 years after surgery. Disease
progression was identified when any of the following
criteria were met: (1) biopsy-proven metastasis in newly
detected lesion(s) on physical examination, chest x-ray, or
CT/MRI scan; (2) notable increase in size of para-aortic
nodes (�2 cm) as shown on a CT/MRI scan (a separate
biopsy was not necessary to confirm the recurrence); (3)
elevated serum CA125 level to >3 times the upper normal
limit accompanied by lesions suggestive of recurrence on
CT/MRI scan; or (4) lesions that had increased in size
progressively on CT/MRI scans performed at 1-month
intervals.
Study endpoints

The primary endpoints included the 5-year disease-free
survival (DFS) and overall survival (OS), which were
defined as the interval between the date of entry into the
study to the date of the first documentation of disease
recurrence, death, or last follow-up visit. The secondary
endpoint was the toxicity of paclitaxel during concurrent
radiation therapy. The frequency and severity of toxicity to
the combined treatment were also analyzed.
Statistical analysis

This was a single-arm phase 2 study of weekly paclitaxel
with radiation therapy. Statistical analyses were per-
formed for all eligible patients on an intent-to-treat prin-
ciple. The primary endpoints of the study were DFS and
OS. The 2-year DFS rate of patients with stage III/IV
endometrial cancer was assumed to be 50% after a con-
ventional modality such as radiation therapy after surgery
and 70% after chemoradiation. Based on these consider-
ations, our accrual goal was 56 patients, which would
provide a statistical power of 90% in the detection of a
20% increase in DFS. Pelvic failure and extrapelvic
failure rates were estimated using the cumulative inci-
dence method. DFS and OS curves were calculated using
the Kaplan-Meier method, and the significance was
calculated by the log-rank test. Univariate and multivar-
iate analyses for relevant clinical covariates associated
with recurrence were conducted using the Cox propor-
tional hazards model. Statistical analyses were performed
using SPSS, version 18.0 (SPSS Inc, Chicago, IL). Sig-
nificance was set at P<.05, and all P values were deter-
mined from 2-sided tests.



Table 1 Characteristics of patients (nZ57)

Characteristic N %

Age, y
Mean (SD; range) 52.2 (6.8; 36-72)
31-40 3 5.3
41-50 20 35.1
51-60 27 47.3
>60 7 12.3

Stage
IIIA 12 21.1
IIIB 0 0
IIIC 40 70.1
IVA 3 5.3
IVB 2 3.5

Tumor grade
1 14 24.6
2 27 47.3
3 16 28.1

57 patients were enrolled

3 patients did not receive study treatment

54 were assigned to chemoradiation therapy 

Pelvic radiation 4500-5040 cGy
Paclitaxel 60 mg/m I.V. weekly for 6 cycles

Chemotherapy was suspended in 2 patients due
 to adverse toxic effects 

52 were evaluated for the final analysis

Fig. 1. Enrollment, treatment, and follow-ups of the
study patients. After enrollment, 1 patient refused treatment
and 2 patients withdrew from the study. Chemotherapy was
suspended in 2 patients (1 for septic shock, 1 for persistent
grade 4 neutropenia). I.V. Z intravenous.
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Results

Patient characteristics

Between January 2006 and March 2008, 57 eligible patients
were enrolled in 20 institutes. The characteristics of the
patients included in this study are described in Table 1. The
patients’ ages were 36 to 72 years (mean, 52.2 years). All
patients had a histologic diagnosis of endometrioid
adenocarcinoma. Twelve patients (21.1%) had FIGO stage
IIIA, 40 (70.1%) had stage IIIC, and 5 (8.8%) had stage IV
disease. No patients in this study had FIGO stage IIIB
disease. Fourteen patients (24.6%) had grade 1, 27 (47.3%)
had grade 2, and 16 (28.1%) had grade 3 tumors.

Chemotherapy was suspended because of adverse toxic
effects in 2 patients; 1 patient experienced septic shock, and
the other had persistent grade 4 neutropenia for more than
2 weeks. One patient refused treatment after enrollment,
and 2 patients withdrew from treatment without completing
all 6 cycles of chemotherapy. There was no major violation
during the protocol therapy. Overall, 52 patients completed
the treatment protocol without major violations and were
evaluated for the final analysis (Fig. 1).
Table 2 Major toxicities

Toxicity Grade 0/1 Grade 2 Grade 3 Grade 4

Leukopenia 0 86 47 5
Neutropenia 3 63 30 5
Anemia 0 32 0 0
Neuropathy 1 1 0 0
Diarrhea 14 18 0 0
Constipation 5 12 0 0
Nausea/vomiting 16 11 0 0
Cystitis 1 1 0 0
General weakness 2 1 0 0
Toxicity

The toxicities observed during the protocol therapy are
shown in Table 2. Among 52 patients who underwent
toxicity evaluation, severe toxicity pertained primarily to
hematologic toxicity. Of the 312 cycles given to 52 pa-
tients, 35 episodes (11.2%) of grade 3 or 4 neutropenia
were observed, and 98 cycles were delayed by 1 week
because of hematologic toxicity. Paclitaxel dose reduction
was required for 8 patients (15.3%) because of persistent
neutropenia for more than 1 week.
Recurrence sites

The median follow-up period of these patients was
60.0 months (95% CI, 51.0-58.2). Recurrences occurred in
19 of 52 patients (36.5%) (Table 3). The cumulative



Table 3 Sites of recurrence

Patient Stage Site of recurrence
Time to recurrence

(months)

1 IIIC Vaginal vault 12
2 IIIC Extrapelvic LN 12
3 IVA Liver 12
4 IIIA Peritoneal seeding 24
5 IVB Peritoneal seeding 20
6 IIIA Lung 20
7 IIIC Lung 16
8 IIIC Bone 20
9 IIIC Bone 8
10 IVA Liver 4
11 IIIC Lung, para-aortic LN 4
12 IIIC Lung, brain, bone 7
13 IIIC Lung, para-aortic LN 10
14 IIIC Lung, extrapelvic LN 6
15 IIIC Liver 3
16 IIIC Para-aortic LN 19
17 IIIC Extrapelvic LN 3
18 IIIC Peritoneal seeding 4
19 IVA Bone 24

Abbreviation: LN Z lymph nodes.
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incidence of intrapelvic recurrence, such as in the vaginal
vault or pelvis, was 1.9% (1/52), and the cumulative inci-
dence of extrapelvic recurrence, such as in the lung, liver,
bone, para-aortic lymph node, or other sites, was 34.6%
(18/52). The median time to the detection of recurrence was
12.0 months (range, 3-24 months).
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Fig. 2. Kaplan-Meier estimates of 5-year disease-free (A) and
Oncology Group 2001 study.
Survival analysis

Survival data were available for all 52 patients. By the end
of the follow-up period, 9 patients (17.3%) had died of
endometrial cancer, and 19 patients (36.5%) experienced
recurrence. The estimated 5-year DFS and OS rates were
63.5% (95% CI, 50.4-76.5) and 82.7% (95% CI, 72.4-92.9),
respectively. Figure 2 shows the 5-year DFS and OS data.
In subgroup analyses, the estimated 5-year DFS and OS
rates for patients with stage III disease (nZ48) were 68.7%
(95% CI, 56.1-81.3) and 87.5% (95% CI, 55.5-81.8),
respectively.
Discussion

This study by the Korean Gynecologic Oncology Group
was a prospective phase 2 trial conducted to determine both
the efficacy and the toxicity of radiation therapy when
applied concurrently with paclitaxel chemotherapy to pa-
tients with a high risk of endometrial cancer. Thus, the
eligibility criteria for this study were restricted primarily to
patients with FIGO stage III/IV endometrioid adenocarci-
noma. In our study, most of the enrolled patients had stage
III lesions, and only 8.8% had stage IV lesions. More
importantly, all patients enrolled in our study completed the
60-month follow-up. Because the pool of patients was ho-
mogeneous and well within the eligibility criterion of this
study, we strongly believe that the efficacy of chemo-
radiation as an adjuvant treatment for advanced-staged
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endometrial cancer was evaluated appropriately with due
consideration.

Advanced endometrial cancer has a poor long-term
prognosis if treated with surgery only. Therefore,
numerous postoperative adjuvant therapies have been pro-
posed to reduce the risk of recurrence. However, the stan-
dard treatment regimen for advanced endometrial cancer
has not been determined, and recurrence rates remain un-
acceptably high. Such difficulty may reflect the fact that
most recurrences of advanced endometrial cancer involve
a distant and/or upper abdominal location (10, 11).
Thus, systemic chemotherapy has been investigated to
improve the outcome of advanced endometrial cancer, and
several active chemotherapy candidates have been identi-
fied (4, 12).

The Gynecologic Oncology Group 122 study was the
first randomized multi-institutional trial comparing WAI
and doxorubicin-cisplatin chemotherapy in 422 patients
with stage III or IV endometrial cancer with optimal post-
operative residual disease (10). In their study, chemo-
therapy significantly improved both PFS and OS compared
with its WAI counterpart. The stage-adjusted death hazard
ratio was 0.68 (95% CI, 0.52-0.89; P<.01) in favor of
chemotherapy. Such noticeable efficacy of chemotherapy in
high-risk patients is partly explained by the fact that distant
recurrence cannot be prevented with pelvic irradiation. The
pattern of recurrence between the 2 treatment groups also
differed; chemotherapy was much more effective than WAI
in reducing the rate of distant recurrence, although it also
led to higher pelvic recurrence rates than did WAI, in which
case additional radiation had to be used to reduce such a
shortcoming (10). Nonetheless, other studies have also re-
ported higher rates of pelvic recurrence when chemo-
therapy was used as the sole adjuvant therapy for advanced
endometrial cancer (4, 13). Taken together, these results
suggest that, although systemic chemotherapy may be
effective in improving the rate of distant recurrence, pelvic
recurrence remains a problem.

To control both pelvic and distant recurrence more
adeptly, the combination of chemotherapy and radiation
therapy was evaluated. The Radiation Therapy Oncology
Group (RTOG) 9708 study assessed the feasibility and
patterns of recurrence and survival when cisplatin-
paclitaxel chemotherapy was combined with adjuvant ra-
diation for patients with high-risk endometrial cancer (14).
At 4 years, pelvic, regional, and distant recurrence rates
were 2%, 2%, and 19%, respectively. Similarly, the DFS
and OS rates were 81% and 85%, respectively. Although
distant recurrence continued to occur, pelvic control
showed noticeable improvements after combined modality
treatment in the patients with advanced disease.

In our study, we assessed the feasibility of radiation
therapy with concurrent weekly paclitaxel chemotherapy
(60 mg/m2) in patients with stage III or IV endometrial
cancer. We chose to administer paclitaxel weekly because
of its efficacy as a single agent in endometrial cancer and
its radiosensitizing action (7, 15, 16). It is well known that
the response rate to combination chemotherapy is greater
than that to a single agent. However, especially in chemo-
radiation therapy, we must always consider toxicity as an
important factor. In the previous experiences, the toxicities
of combination agents with radiation therapy were
approximately twice that of a single agent (4, 17). This high
toxicity was the major reason for treatment termination.
Thus, when designing our study, we hoped to minimize the
toxicity level as much as possible, and we believed that
selecting the paclitaxel single-agent regimen for concurrent
chemoradiation would do just that.

Overall, weekly paclitaxel with concurrent pelvic radi-
ation was well tolerated, and the types and incidence of
acute toxicity were not excessive (11.2% with grade 3 or 4
neutropenia). Consistent with our findings, previous studies
have also reported negligible toxicity when paclitaxel is
given at a dosage of 40 to 80 mg/m2 with radiation (18, 19).
In contrast to our study, Jhingran et al (20) recently re-
ported that the rate of grade �3 severe diarrhea during
radiation therapy was 43% and the rate of grade �3 severe
late bowel toxic effects was 13%. There may be many
reasons for the observed difference. One possible reason is
that the mean patient age of 52 years in our study is much
younger than that of 63 years in the study by Jhingran et al
Another potential reason is that both studies selected radi-
ation therapy with concurrent weekly paclitaxel as the
treatment regimen, but in the study by Jhingran et al, 4
cycles of adjuvant paclitaxel (135 mg/m2) were adminis-
tered at the end of the chemoradiation regimen.

The rates of pelvic and distant recurrence in our study
were 1.9% and 34.6%, respectively, and these rates are
similar to those of other series that used multimodality
therapy (14, 21). These findings all indicate that weekly
administration of paclitaxel together with pelvic irradiation
can adequately control and reduce pelvic recurrence.
However, almost all recurrences in our study occurred
outside the radiation field, suggesting that concurrent
paclitaxel successfully enhanced the impact of radiation
therapy as a radiation sensitizer but did not have much
systemic effect. Therefore, the administration of a higher
dosage of paclitaxel in consolidation cycles or the addition
of another active agent with a different toxicity profile
could be considered to ensure better systemic control and
improve survival in patients with high-risk endometrial
cancer.

In terms of survival, our results showed that the 5-year
DFS and OS rates were 63.5% and 82.7%, respectively, in
all patients and 68.7% and 87.5%, respectively, in patients
with stage III disease. Our survival results of patients with
stage III disease were either similar to, or slightly better
than, those in the RTOG 9708 study. De Marzi et al (22)
recently reported on their clinical experience of adjuvant
treatment with concomitant radiation therapy and weekly
paclitaxel at a dosage of 60 mg/m2 in 47 patients with high-
risk endometrial cancer. In their study, no life-threatening
toxicity was identified, and the 5-year DFS and OS rates
were 81.8% and 88.4%, respectively. Comparison of the
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5-year DFS rates reveals that the De Marzi results were
superior to ours, whereas comparison of the 5-year OS rates
shows little difference between them. We believe that the
difference in the 5-year DFS occurred not only because
patients with stage I and II disease constituted 23.4% and
25.5% of the total patients in the De Marzi study but also
because those authors administered 3 additional doses of
consolidation therapy after the radiation therapy. Never-
theless, our findings and those of De Marzi et al suggest
that radiation with concurrent weekly paclitaxel is a
reasonable treatment regimen for patients with advanced-
stage endometrial cancer and that this regimen has some
unique advantages that should be evaluated further. How-
ever, it should be noted that there were important differ-
ences between our study design and theirs. First, unlike
in the study by De Marzi et al, in which patients were
enrolled for 8 years, our study was conducted with patients
enrolled for only 2 years, mainly because this was a multi-
institutional trial. Second, although the study by De Marzi
et al included patients with stage IC (23.4%) or stage II
(25.5%) disease, our research focused primarily on patients
with either stage III or IV disease to enable us to gain more
insight into high-risk endometrial cancer. Thus, our study
sample can be said to have been more homogeneous. Taken
together, our findings and those by De Marzi et al suggest
that radiation with concurrent weekly paclitaxel is a
reasonable treatment regimen for patients with advanced-
stage endometrial cancer and that this regimen has some
unique advantages that should be evaluated further.
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