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Abstract
Background

This study retrospectively analyzed the treatment outcomes of computed tomography (CT)-guided brachytherapy
(BT) for vaginal recurrence after endometrial cancer surgery.

Methods

Patients with vaginal recurrence after endometrial cancer surgery who underwent CT-guided BT between were
retrospectively analyzed. The primary endpoint was local control (LC). Secondary endpoints included regional
recurrence-free survival (RRFS), distant metastasis-free survival (DMFS), disease-free survival (DFS), overall
survival (0S), and late toxicities.

Results

50 patients were included. External beam radiotherapy (EBRT) with a median total dose of 50 Gy was administered
to 30 patients. The median number of BT fractions was five for patients with superficial recurrence and three for
those with visible recurrence, respectively. The median total dose delivered to the high-risk clinical target volume
(HR-CTV) (equivalent dose in 2 Gy fractions; EQD2) was 70.5 Gy. The median follow-up period was 44.8 months.
The 3-year LC, RRFS, DMFS, DFS, and OS rates were 85.6%, 82.9%, 65.1%, 46.0%, and 87.1%, respectively. In the
univariate analysis, HR-CTV D90 was a significant prognostic factor for LC (p = 0.009). The 3-year LC rate was
significantly higher in patients with HR-CTV D90 = 67.3 Gy than in those with < 67.3 Gy (100% vs. 64.2%). In the
multivariate analysis, tumor visibility and postoperative risk classification were significant prognostic factors for
DMFS (p<0.011 and p = 0.033, respectively).

Conclusions

CT-guided BT provides favorable local control in patients with vaginal recurrence after endometrial cancer surgery.
However, distant metastases remain a major site of failure.

Clinical trial number

Not applicable.

Introduction

The first-line treatment for endometrial cancer is generally surgical management. Postoperative adjuvant therapy is
administered considering the risk of recurrence determined by postoperative pathological findings. Considering the
results of previous clinical trials on adjuvant therapy after surgery [1, 2], adjuvant chemotherapy after surgery has
been widely adopted in Japan to reduce the risk of distant metastasis [3]. Although some patients who undergo
postoperative radiotherapy (RT) experience vaginal recurrence [2, 4, 5], vaginal recurrence is associated with a
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more favorable prognosis than recurrence at other metastasis sites [4, 6]. RT is recommended as a treatment
option for postoperative vaginal recurrence of endometrial cancer in patients without a prior history of RT [7].

Postoperative vaginal recurrence is often treated with brachytherapy (BT). Recently, image-guided brachytherapy
(IGBT) using magnetic resonance imaging (MRI) and computed tomography (CT) has been increasingly adopted in
clinical practice. Several reports have described the outcomes of RT for postoperative vaginal recurrence of
endometrial cancer, demonstrating favorable local control rates [8, 9]. However, there are few reports on the use of
IGBT for vaginal recurrence after endometrial cancer surgery. Furthermore, until recently, the definition of the high-
risk clinical target volume (HR-CTV) for BT in postoperative vaginal recurrence of endometrial cancer remained
unclear. Although MRI-guided BT target definition guidelines for recurrent endometrial and cervical tumors were
published in 2023 [10], CT-guided BT continues to be used for gynecologic cancers at some institutions.

Therefore, this study aimed to retrospectively analyze the treatment outcomes of CT-guided BT for vaginal
recurrence after endometrioid cancer surgery and to establish future treatment strategies.

Methods
Patients and eligibility

Patients with vaginal recurrence after surgery for endometrial cancer who underwent BT at least once at our
institution between January 2014 and June 2024 were retrospectively analyzed. Patients who underwent external
beam radiotherapy (EBRT) before BT at hospitals related to our institution were included. The main eligibility
criteria were as follows: age 20 years or more; histological diagnosis of endometrioid carcinoma, clear cell
carcinoma, or serous carcinoma; no distant metastases other than para-aortic and inguinal lymph node metastasis
at the time of vaginal recurrence diagnosis; and no history of pelvic radiotherapy.

The detection of vaginal recurrence at imaging examination

Vaginal recurrence identified by visual examination was confirmed by cytology or histological evaluation in the
present study. However, recurrent tumors were detectable on imaging examinations, such as CT and MR, in some
patients, but not in others. Because the RT strategy differed considerably according to whether the recurrent tumor
was detectable on imaging, patients were categorized as having non-visible recurrence when the tumor was not
detectable on imaging and visible recurrence when the tumor was detectable. Therefore, the primary focus of this
analysis was the imaging detectability of recurrent tumors.

External beam radiotherapy

In some patients, a combination of EBRT and BT was administered at the discretion of the clinician. Three-
dimensional conformal radiotherapy (3DCRT) or volumetric modulated arc therapy (VMAT) was administered.
Depending on the treatment indication, either whole pelvic (WP) irradiation or localized vaginal irradiation was
performed. For WP irradiation, the clinical target volume included the vagina, paracolpium, and regional lymph node
regions (internal iliac, external iliac, common iliac, and presacral lymph nodes). No patient received concomitant
chemotherapy in this study.

Page 4/23



Brachytherapy

High-dose-rate (HDR) brachytherapy was delivered using an iridium-192 remote afterloading system following
referral to the Radiation Oncology Department or after completion of EBRT. HDR brachytherapy was performed
once or twice weekly for a total of 2—6 fractions, depending on the EBRT dose. BT was performed with patients in
the lithotomy position. Regarding intracavitary brachytherapy (ICBT), vaginal cylinder or ovoid applicators were
used. In some patients, a combination of ICBT and interstitial brachytherapy (ISBT) was employed when ICBT alone
was unlikely to provide adequate dose coverage, such as in cases of bulky tumors and irregularly shaped lesions.
Additional needle catheters were inserted via the perineal or vaginal route into regions not expected to be
sufficiently covered by ICBT, using transrectal ultrasound guidance under sacral anesthesia, transvenous sedation,
and/or local anesthesia. Planning CT images were acquired using a large-bore CT (Aquilion LG; Toshiba, Tokyo,
Japan) with a slice thickness of 2.0 mm. No intravenous contrast medium was administered for tumor
visualization. Treatment planning was performed using a brachytherapy planning system (Oncentra Nucletron,
Veenendaal, Netherlands). The HR-CTV and organs at risk (OARs), such as the bladder, rectum, and sigmoid colon,
were contoured. Based on findings from the internal examination and MRI performed before diagnosis and before
BT, HR-CTV delineation was modified with reference to the MRI-guided BT target delineation guidelines for
recurrent endometrial and cervical tumors involving the vagina [10]. For patients with non-visible recurrence, the
HR-CTV was defined as a 3—5 mm thickness extending from the vaginal mucosa, based on previous literature [11].
An example of contouring is shown in Fig. 1a. The bladder, rectum, and sigmoid colon were delineated according to
the normal pelvic tissue contouring guidelines of the Radiation Therapy Oncology Group [12]. The methods for
setting the dose distribution during BT planning were as follows. First, the prescription dose for ICBT applicators
was set at 6 Gy per fraction at a depth of 5 mm from the vaginal mucosa. Second, when combined ICBT/ISBT was
performed, dwell times for the inserted needles included in the HR-CTV were set at approximately 3-5s. Third, the
dose distribution was manually adjusted to ensure adequate coverage of the recurrent tumor while minimizing the
dose to OARs. The RT strategy was determined at the discretion of the radiation oncologists according to the
patient’s condition, tumor response, and dose constraints for normal tissues. Examples of HR-CTV contouring and
dose distribution during brachytherapy for vaginal recurrence are shown in Fig. 1b.

Evaluation of dose calculation

HR-CTV D90, Bladder D2cc, Rectum D2cc, and Sigmoid D2cc were measured as dose-volume parameters of
brachytherapy in the present study. The minimum dose covering 90% of the HR-CTV (HR-CTV D90), expressed as
the equivalent dose in 2-Gy fractions (EQD2), was used as the representative tumor dose. Bladder D2cc, Rectum
D2cc, and Sigmoid D2cc were defined as the doses delivered to the most highly exposed 2.0 cc of the bladder,
rectum, and sigmoid, respectively, and were evaluated as representative doses of brachytherapy for the OARs. For
the calculation of the cumulative dose from EBRT and brachytherapy parameters, the EQD2 was calculated using
the linear-quadratic dose model [13-15]. a/ Bratios of 10 Gy and 3 Gy were assumed for tumor tissue and OARs,
respectively. The dose constraints for OARs in the combined EBRT and brachytherapy treatment were as follows:
Bladder D2cc < 90 Gy, Rectum D2cc < 75 Gy, and Sigmoid D2cc < 75 Gy.

Follow-up

Patients were followed up every 2—3 months during the first 2 years after RT and every 3—6 months during the
subsequent 3-5 years. Vaginal cytopathology, blood examination, and CT imaging were performed as part of
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routine posttreatment examinations. If local recurrence was suspected, a biopsy and MRI were performed. When
locoregional recurrence or distant metastasis could not be definitively assessed using these examinations,
positron emission tomography was performed. Moreover, late toxicities occurring later than 90 days after the
initiation of RT were examined during outpatient follow-up visits.

Endpoints

The primary endpoint was local control (LC). LC was calculated from the start of RT to the date of local recurrence
and was censored at the last follow-up for patients without recurrence. Local recurrence was defined as tumor
progression confirmed in the vagina or paracolpium. Secondary endpoints included regional recurrence-free
survival (RRFS), distant metastasis-free survival (DMFS), disease-free survival (DFS), overall survival (0S), and late
toxicities. RRFS was measured from the start of RT to the date of pelvic or paraaortic lymph node metastasis.
DMFS was measured from the start of RT to the date of distant metastasis. DFS was measured from the start of
RT to the date of first relapse or was censored at the last follow-up for patients without relapse. OS was measured
from the start of RT to the date of death from any cause and was censored at the last follow-up for surviving
patients. Late toxicities were evaluated using the Common Terminology Criteria for Adverse Events, version 5.0.
Symptoms associated with post-RT recurrence were not defined as late toxicities.

Statistical analysis

Differences in patient and treatment characteristics between patients with non-visible and visible recurrence were
investigated using the Mann-Whitney U test or the 2 x 2 chi-square test.

LC, RRFS, DMFS, DFS, and OS were estimated using the Kaplan-Meier method. To identify the HR-CTV D90
threshold associated with local control, the cutoff values were determined using the Youden index derived from the
receiver operating characteristic (ROC) curve based on local recurrence [16]. Differences in LC, RRFS, DMFS, DFS,
and OS between patient subgroups were analyzed using the log-rank test in the univariate analysis. The following
variables were evaluated as potential prognostic factors: age, the International Federation of Gynecology and
Obstetrics (FIGO) 2023 classification (IA vs other), pathology (endometrioid [EM] G1-2 vs G3, clear cell, serous),
postoperative risk classification of endometrial cancer proposed by the Japan Society of Gynecologic Oncology
(JSGO) [17], postoperative chemotherapy (yes vs no), interval from surgery to recurrence, tumor visibility (non-
visible vs visible), tumor location (vaginal stump vs other vaginal walls) and lymph node metastasis at recurrence.
Multivariate analysis was performed using a Cox proportional hazards regression model. To ensure an adequate
number of events per variable, multivariate analyses were restricted to endpoints with at least 20 events. Based on
previous studies, approximately one variable was included for every 10 events [18, 19]. Factor selection was based
on prognostic factors shown in previous studies and factors that were significant in the univariate analysis in our
study. We also examined whether correlations existed between selected factors.

All statistical tests were two-sided, and statistical significance was defined as p < 0.05. Statistical analyses were
performed using JMP16 software (SAS Institute, Cary, NC, USA).

Results

50 patients who underwent salvage CT-guided brachytherapy for patients with postoperative vaginal recurrence of
endometrial cancer were included in the present study. Patient and treatment characteristics are shown in Table 1.
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Considering the risk of recurrence after surgery, postoperative adjuvant chemotherapy centered on the regimen of
paclitaxel plus carboplatin or doxorubicin plus cisplatin was administered to 33 patients. Vaginal tumors were
detected on imaging examinations such as CT and MRI in 30 patients (visible recurrence), but were not detected in
20 patients (non-visible recurrence). The proportion of patients with stage IA disease was significantly higher in the
non-visible recurrence group than in the visible recurrence group (p = 0.035).
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Table 1
Patient Characteristics and Treatment characteristics

Factor

Age Median 65.5 year
(IQR, 60-76 year)
FIGO 2023 at diagnosis

1A 21
IB 13
I 3
A 4
1B 5
e 4
IVB 1
Histology

EM G1 21
EM G2 10
EM G3 7
Serous or Clear 12

Risk classification

Low recuurence risk 13
Middle recurrence risk 12
High recurrence risk 25

Postoperative adjuvant chemotherapy

Yes 33
No 17
Interval from initial surgery to recurrence Median 14.5 months

(IQR, 8.3-25.3 months)
Tumor visibility
non-visible recurrence 20
visible recurrence 30
Abbreviations: FIGO = The International Federation of Gynaecology and Obstetrics; EM = endometrioid; ICBT =

intracavitary brachytherapy; ISBT = interstitial brachytheapy; HR-CTV = high-risk clinical target volume; EQD2 =
the equivalent dose in 2 Gy fractions IQR = interquartile range.
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Factor

Tumor location

Vaginal stump 35

Other vaginal walls 15

Lymph node metastasis at recurrence

Yes 5

No 45

External beam radiotherapy

Yes 30
(Visible: 26, Non-visible:4)
(WP: 16, Local: 14)

No 20

The number of brachytherapy

Visible recurrence Median 3fr (IQR:2-4fr)

Non-visible recurrence Median 5fr (IQR:5-5fr)

ICBT Applicator type

Cylinder 43
Ovoid 5
None 2

The use of ISBT
Yes 22

(Advanced: 22, Supercial: 0)
No 28

(Advanced:8, Superficial 20)
HR-CTV at initial brachytherapy Median 1.59 cc

(IQR: 0.98-3.93 cc)
Visible recurrence Median 3.51 cc

(IQR:1.86-7.70 cc)
Non-visible recurrence Median 0.94 cc

(IQR: 0.85-1.13 cc)
Abbreviations: FIGO = The International Federation of Gynaecology and Obstetrics; EM = endometrioid; ICBT =

intracavitary brachytherapy; ISBT = interstitial brachytheapy; HR-CTV = high-risk clinical target volume; EQD2 =
the equivalent dose in 2 Gy fractions IQR = interquartile range.
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Factor

HR-CTV D90 in EQD2 Median 70.5 Gy
Visible recurrence Median 75.1 Gy
(IQR:69.6-77.1 Gy)
Non-visible recurrence Median 57.8 Gy
(IQR: 53.0-69.6 Gy)
Dose of bladder D2cc in EQD2 Median 64.9 Gy
(IQR: 50.1-72.3 Gy)
Visible recurrence Median 67.9 Gy
(IQR: 63.7-73.2 Gy)
Non-visible recurrence Median 50.5 Gy
(IQR: 40.2-65.2 Gy)
Dose of Rectum D2cc in EQD2 Median 59.6 Gy
(IQR: 50.8-66.0 Gy)
Visible recurrence Median 63.5 Gy
(IQR: 58.6-71.2 Gy)
Non-visible recurrence Median 52.0 Gy
(IQR: 46.4-60.4 Gy)
Dose of Sigmoid D2cc in EQD2 Median 46.2 Gy
(IQR: 11.9-52.0 Gy)
Visible recurrence Median 50.4 Gy
(IQR: 44.2-53.3 Gy)
Non-visible recurrence Median 10.5 Gy
(IQR: 6.7-45.6 Gy)
Abbreviations: FIGO = The International Federation of Gynaecology and Obstetrics; EM = endometrioid; ICBT =

intracavitary brachytherapy; ISBT = interstitial brachytheapy; HR-CTV = high-risk clinical target volume; EQD2 =
the equivalent dose in 2 Gy fractions IQR = interquartile range.

EBRT with a median total dose of 50 Gy (range, 30-60 Gy) was delivered to 30 patients. Whole pelvic irradiation
was performed in 16 patients, whereas localized vaginal irradiation was performed in 14 patients.

The median number of BT fractions was 5 (interquartile range [IQR], 5-5 fractions) in patients with non-visible
recurrence and 3 fractions (IQR, 2-4 fractions) in those with visible recurrence, respectively. The median total dose
of the HR-CTV D90 (EQD2) was 70.5 Gy (IQR, 60.9-76.2 Gy).
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The median follow-up period was 44.8 months (IQR, 31.1-68.0 months), and 9 patients died after RT. Recurrence
after RT was detected in 27 patients. Local recurrence, regional recurrence, and distant metastasis were observed
in 7,9, and 21 patients, respectively. Regarding the details of the distant metastasis, lung metastasis (13 patients),
extra-regional lymph node metastasis (4 patients), and peritoneal dissemination (2 patients) were frequently
detected. The 3-year LC, RRFS, DMFS, DFS, and OS rates in all patients were 85.6% (95% confidence interval [CI]
71.0-93.5%), 82.9% (95%Cl, 69.3-91.3%), 65.1% (95%Cl, 50.8-77.1%), 46.0% (95% Cl 32.3-60.2%), and 87.1% (95%
Cl 73.9-94.1%), respectively (Fig. 2A).

The ROC curves analysis identified an HR-CTV D90 cutoff value of 67.3 Gy (area under the curve [AUC], 0.786). In
the univariate analysis, HR-CTV D90 was the only significant prognostic factor for LC. The 3-year LC rates were
100% in patients with an HR-CTV D90 = 67.3 Gy and < 67.3 Gy and 64.2% (95% Cl, 39.7-83.0%), respectively (p =
0.009). Local recurrence occurred more commonly in patients with non-visible recurrence (four patients) than in
those with visible recurrence (three patients), likely because the HR-CTV D90 was lower in the non-visible
recurrence group. All patients with non-visible recurrence who developed local recurrence had been treated with
ICBT alone. Kaplan-Meier curves stratified by HR-CTV D90 are shown in Fig. 2B.

The results of the univariate analysis are presented in Table 2. Tumor visibility was a significant prognostic factor
for RRFS (P = 0.037), DMFS (p <0.001), DFS (p = 0.004), and OS (p = 0.005). FIGO stage was a significant
prognostic factor for DMFS (p < 0.001), DFS (p = 0.014), and OS (p < 0.001). Histology was a significant prognostic
factor for DMFS (p = 0.01). Risk classification was a significant prognostic factor for DMFS (p = 0.004), DFS (p =
0.048), and OS (p = 0.026). Postoperative chemotherapy was a significant prognostic factor for OS (p = 0.014).
Lymph node metastasis at recurrence was a significant prognostic factor for DFS (p =0.031) and 0OS (p =0.018).
The results of the multivariate analysis are presented in Table 3. Based on the number of events, the univariate
analysis results, and the relationships between each factor, multivariate analysis was performed for DMFS (distant
metastasis: 21 patients, risk classification, and tumor visibility) and DFS (disease progression: 27 patients, risk
classification, tumor visibility, and lymph node metastasis). Because the number of local recurrence events was
small (7 patients), only univariate analysis was performed for LC. The factors used in the multivariate analysis were
tumor visibility and risk classification for DMFS, and tumor visibility, risk classification, and lymph node metastasis
for DFS. Tumor visibility remained a significant prognostic factor for DMFS (p = 0.011), whereas tumor visibility and
lymph node metastasis remained significant prognostic factors for DFS (p = 0.005 and 0.024, respectively). Kaplan-
Meier curves for patients with non-visible and visible recurrences are shown in Fig. 3.
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Table 2
The results of univariate analysis

Factor

Age
>65 year

<65 year

FIGO 2023

1A

other

Histology
EM G1-2

EM3, serous
clear cell

Risk
classification

Low-Middle
recurrence
risk

High
recurrence
risk

Abbreviations: FIGO = The International Federation of Gynaecology and Obstetrics; EM = endometrioid; LC

LC

3-year

(95%
Cl)

80.5%

(57.5-
92.7%)

90.9%

(69.9-
97.8%)

80.0%

(57.0-
92.3%)

91.6%

(71.5-
97.9%)

81.8%

(62.7-
92.3%)

94.4%

(69.3-
99.2%)

82.8%

(61.8-
93.5%)

90.2%

(67.7-
97.6%)

value

0.207

0.688

0.308

0.416

RFFS

3-year

(95%
Cl)

81.3%

(59.3-
92.9%)

83.8%

(63.9-
93.8%)

90.2%

(68.2-
97.5%)

77.5%

(57.9-
89.6%)

87.1%

(70.3-
95.1%)

74.9%

(48.1-
90.6%)

88.0%

(68.7-
96.1%)

77.8%

(56.1-
90.6%)

value

0.678

0.091

0.379

0.451

DMFS

3-year

(95%
Cl)

67.0%

(46.6~
82.6%)

62.8%

(42.3-
79.5%)

90.4%

(68.9-
97.6%)

46.1%

(28.7-
64.4%)

77.1%

(59.1-
88.7%)

45.3%

(24.7-
67.7%)

83.8%

(63.9-
93.8%)

46.3%

(27.9-
65.8%)

value

0.819

<
0.001

0.01

0.004

DFS

3-year

(95%
Cl)

45.3%

(26.8-
65.3%)

47.1%

(28.7-
66.4%)

60.7%

(38.8-
79.2%)

36.1%

(20.7-
55.0%)

53.6%

(35.6—
70.4%)

34.2%

(16.3—
58.0%)

59.1%

(39.0-
76.5%)

33.8%

(18.0-
54.5%)

value

0.645

0.014

0.077

0.048

0s

3-year

(95%
Cl)

86.3%

(64.7-
95.6%)

88.0%

(68.7-
96.1%)

100%

76.3%

(55.3—
89.3%)

89.7%

(72.2-
96.7%)

83.3%

(59.1-
94.5%)

91.4%

(71.3-
97.9%)

83.3%

(63.1-
93.6)

value

0.909

<
0.001

0.086

0.026

=local control; RFFS = regional recurrence-free survival ; DMFS = distant metastasis-free survival; DFS = disease-
free survival; OS = overall survival; Cl = confidence interval.

Page 12/23



Factor

Postoperative
chemotherapy

Yes

No

Interval from
initial surgery
to recurrence

= 12 months

<12 months

Tumor
visibility

Non-visible
recurrence

visible
recurrence

Tumor
location

Vaginal
stump

Other

LC

3-year

(95%
Cl)

89.6%

(72.1-
96.6%)

79.5%

(51.8-
93.4%)

83.6%

(63.0-
93.8%)

89.1%

(65.0-
97.3%)

77.2%

(52.1-
91.3%)

93.2%

(76.6—
98.3%)

86.0%

(67.6-
94.7%)

84.8%

(55.0-
96.3%)

value

0.714

0.891

0.495

0.937

RFFS

3-year

(95%
Cl)

81.0%

(63.5-
91.2%)

87.1%

(60.3-
96.8%)

81.7%

(62.7-
92.2%)

84.4%

(61.2-
94.9%)

94.7%

(70.6-
99.3%)

74.3%

(54.7-
87.4%)

78.6%

(61.3-
89.5%)

93.3%

(64.8-
99.1%)

value

0.349

0.816

0.037

0.201

DMFS

3-year

(95%
Cl)

57.3%

(40.1-
72.8%)

80.8%

(54.3-
93.7%)

65.1%

(46.3-
80.1%)

65.1%

(42.7-
82.4%)

89.5%

(66.3~
97.3%)

48.9%

(31.6-
66.5%)

70.4%

(53.1-
83.3%)

53.3%

(29.3-
75.9%)

value

0.168

0.856

<
0.001

0.264

DFS

3-year

(95%
Cl)

57.3%

(40.1-
72.8%)

80.8%

(54.3-
93.7%)

43.5%

(26.6-
62.1%)

50.3%

(29.6-
70.8%)

67.0%

(43.0-
84.5%)

32.5%

(18.1-
51.1%)

48.8%

(32.2-
65.6%)

40.0%

(19.2-
65.2%)

value

0.299

0.745

0.004

0.504

0s

3-year p
value

(95%

Cl)

0.014

80.3%

(62.2-
91.1%)

100%

0.261

81.8%

(63.0-
92.3%)

95%

(71.8-
99.3%)

0.005

100%

78.7%

(59.6—
90.2%)

0.85

84.5%

(72.5-
95.5%)

93.3%

(64.8-
99.1%)

Abbreviations: FIGO = The International Federation of Gynaecology and Obstetrics; EM = endometrioid; LC
=local control; RFFS = regional recurrence-free survival ; DMFS = distant metastasis-free survival; DFS = disease-
free survival; OS = overall survival; Cl = confidence interval.
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Factor LC
3-year
(95%
Cl)

Lymph node

metastasis

Yes 100%

No 84.5%
(69.3-
93.0%)

Abbreviations: FIGO = The International Federation of Gynaecology and Obstetrics; EM = endometrioid; LC

p
value

0.466

RFFS

3-year

(95%
Cl)

60.0%

(20.0-
90.0%)

85.8%

(71.7-
93.5%)

value

0.087

DMFS

3-year

(95%
Cl)

40.0%

(10.0-
80.0%)

68.2%

(53.2-
80.2%)

value

0.068

DFS

3-year p
value

(95%

Cl)

0.031

20.0%

(2.72-
69.1%)

49.0%

(34.4-
63.8%)

0s

3-year

(95%
Cl)

60.0%

(20.0-
90.0%)

90.3%

(76.8-
96.3%)

value

0.018

=local control; RFFS = regional recurrence-free survival ; DMFS = distant metastasis-free survival; DFS = disease-
free survival; OS = overall survival; Cl = confidence interval.

Table 3
The results of multivariate analysis

DMFS

Risk classification
Low-Middle

High

Tumor visibility
non-visible recurrence
visible recurrence
DFS

Risk classification
Low-Middle

High

Tumor visibility
non-visible recurrence
visible recurrence
Lymph node metastasis
No

Yes

Hazard ratio

Ref
2.88

Ref

6.96

Ref

1.55

Ref
3.84

Ref
3.9

95%Cl

1.09-7.6

1.56-31.0

0.70-3.44

1.49-9.91

1.20-12.8

p value

0.033

0.011

0.277

0.005

0.024

Abbreviations: DMFS = distant metastasis-free survival; DFS = disease-free survival; Cl = confidence interval.
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Grade 3 late toxicities were detected in 3 patients (6.0%). All three patients developed vaginal inflammation after
receiving lenvatinib for post-RT recurrence. Two of those patients received Hyperbaric oxygen therapy. Grade 2
proctitis was detected in two patients.

Discussion

We reported the treatment outcomes of CT-guided brachytherapy in patients with postoperative vaginal recurrence
of endometrial cancer. Previous studies have reported LC rates of approximately 90% with a total dose of around
75 Gy [8, 9]. Kamran et al. reported that CT-guided BT was inferior to MRI-guided BT in terms of local control [20],
whereas other studies demonstrated favorable LC with MRI-guided BT [21, 22]. We believe that the HR-CTV was
delineated with reasonable accuracy despite the use of CT-based planning. Overall, our treatment results suggest
that salvage CT-guided brachytherapy, with or without EBRT, is an effective treatment option for achieving LC in
patients with postoperative vaginal recurrence of endometrial cancer. Interestingly, LC was significantly poorer in
patients with non-visible recurrence than in those with visible recurrence. Consistent with this finding, the total HR-
CTV D90 dose was significantly lower in patients with non-visible recurrence (median, 57.8 Gy) than in those with
visible recurrence (median, 75.1 Gy). When vaginal BT is administered as postoperative adjuvant treatment to
prevent recurrence, dose schedules such as 21 Gy in 3 fractions or 30 Gy in 5 fractions are administered [23, 24].
Owing to their small size, most patients with non-visible recurrence received doses similar to those of
postoperative vaginal BT for patients with positive surgical margins. However, our results suggest that even non-
visible recurrence requires adequate dose escalation to achieve optimal LC. Sekii et al. investigated the treatment
outcomes of ICBT and ISBT for isolated vaginal recurrence of endometrial cancer [25]. Although tumor size was
smaller in the ICBT group than that in the ISBT group, the 4-year LC rates were 75.3% and 87.3%, respectively. In
addition, the cumulative RT dose was significantly higher in the ISBT group than in the ICBT group (70 vs. 56 Gy, p <
0.001). The recommended dose for patients who received prior EBRT is 75-79 Gy [8], although this has not yet
been established. In the present study, some patients with visible recurrence received ISBT despite the HR-CTV not
being particularly large. The American Brachytherapy Society (ABS) consensus guidelines recommend ISBT for
patients with vaginal tumors of more than 0.5 cm thickness [26]. Furthermore, several studies have reported
favorable results with ISBT [20, 22, 25, 27]. Therefore, achieving adequate dose coverage through the appropriate
use of ISBT should be considered, even in selected patients with relatively small visible recurrences.

In the present study, combined EBRT and BT were administered mainly to patients with visible recurrence. Jhingran
et al. reported that the combination of EBRT and BT provides excellent LC for isolated vaginal recurrence of
endometrial carcinoma [28]. Furthermore, previous recommendations suggest administering 45-50 Gy to the
pelvis before BT [8]. Therefore, in patients without a prior history of RT, combined EBRT and BT may be desirable to
facilitate dose escalation while considering the potential risks of microscopic disease. The joint guidelines of the
European Society of Gynaecological Oncology (ESGO), the European Society for Radiotherapy and Oncology
(ESTRO), and the European Society of Pathology (ESP) recommend EBRT plus IGBT for vaginal cuff recurrence [7].
One possible reason for the poorer LC observed in patients with non-visible recurrence is the less frequent use of
combined EBRT and BT in this group. Whether WP irradiation, including the pelvic lymph node regions, should be
incorporated into EBRT remains controversial. Beak et al. reported that none of the 17 patients treated with WP
irradiation and BT developed nodal failure, whereas 6 of 26 (23%) patients treated with BT developed nodal
recurrence [29]. In the present study, regional lymph node metastasis was observed mainly in patients with visible
recurrence, regardless of prophylactic irradiation. Curran et al. reported that pelvic recurrence after treatment was
detected in 29 of 55 (57%), whereas no pelvic recurrence was observed in patients with tumors confined to the
mucosa. [30] Based on these results, WP irradiation may be beneficial for patients with visible recurrence. Recent
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studies have shown that WP irradiation with intensity-modulated radiotherapy reduces the frequency of
gastrointestinal complications [31, 32]. Previous reports have shown that the frequency of locoregional recurrence
varies according to the postoperative recurrence risk classification [33]. Therefore, decisions regarding WP
irradiation should be individualized based on the patient's postoperative recurrence risk. For example, localized
irradiation may be a good option for postoperative low-risk patients with non-visible recurrence.

Our study demonstrates that local control can be achieved when an adequate radiation dose is delivered to
recurrent lesions. However, distant metastases were observed in a substantial proportion of patients following RT.
Previous studies also demonstrated distant metastasis after salvage RT for postoperative vaginal recurrence [9,
34]. One possible explanation is that patients with a high risk of postoperative recurrence are more likely to develop
distant metastases. Previous studies have shown that, regardless of whether pelvic irradiation is performed,
patients with a high risk of postoperative recurrence have a higher frequency of distant metastasis, and the time
between surgery and the onset of distant metastasis is also shorter [33]. Furthermore, distant metastases have
been reported even in clinical trials evaluating adjuvant chemotherapy after surgery [1, 2]. Although patients with a
high risk of postoperative recurrence frequently showed distant metastases in the present study, previous studies
have also identified FIGO stage and histologic subtype as significant prognostic factors for distant metastasis [27,
29, 35, 36]. Chapman et al. reported that FIGO stage IA and grade 1-2 disease at initial diagnosis were prognostic
factors for distant metastasis after RT [27]. Similarly, Lindemann et al. reported that patients with stage | high-risk
disease and Stage II-1ll disease at diagnosis had a significantly increased risk of second relapse [35]. Another
reason for distant metastasis after RT is the progression of vaginal recurrence to a stage at which it becomes
detectable on imaging examination. In the present study, patients with macroscopic lesions were significantly
more likely to develop distant metastases. Previous studies have also identified tumor size as a prognostic factor
for outcomes after salvage RT for vaginal recurrence [25, 37]. Moreover, patients with both vaginal lesions and
lymph node metastases remain at increased risk of developing distant metastasis [34, 36]. Therefore, careful
surveillance is essential to identify vaginal recurrence at an early stage. Previous studies have also demonstrated
that the interval from surgery to vaginal recurrence is also the important prognostic factor [25, 34], although no
statistically significant difference was observed in the present study. The median interval between initial surgery
and vaginal recurrence was 14.5 months. Therefore, frequent internal examinations during the first two years after
surgery may be warranted to facilitate early detection of recurrence. In the Study309/KEYNOTE-775, lenvatinib plus
pembrolizumab improved OS and PFS compared to chemotherapy in patients with previously treated advanced
endometrial cancer [38]. Lenvatinib may be administered when distant metastases are confirmed after definitive
RT for vaginal recurrence. However, vaginal ulceration requiring treatment was observed in patients who received
lenvatinib in the present study. A previous case report also described lenvatinib-associated vaginal necrosis after
BT for postoperative vaginal recurrence [39]. Because angiogenesis inhibitors, such as lenvatinib, may impair
normal tissue healing after high-dose BT, their use may increase the risk of severe complications, including fistula
formation and tissue necrosis. Therefore, careful consideration should be given not only to OAR dose constraints
during RT planning but also to the selection of subsequent treatments. Because all patients in the present study
received RT alone, the addition of concurrent chemotherapy may represent a potential strategy for reducing the risk
of distant metastasis. However, based on the results of previous clinical trials, the usefulness of concurrent
chemotherapy could not be demonstrated [40], and further investigation is needed.

Some limitations of this study should be acknowledged. First, because HR-CTV delineation was based on CT rather
than MRI, the contoured target volumes may have been larger than those that would have been defined using MRI
images. Consequently, the HR-CTV D90 values may have been underestimated. Moreover, HR-CTV delineation in
patients with non-visible recurrence is inherently uncertain, which may have further contributed to the
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underestimation of the D90 values. Second, because of the retrospective study design, the RT schedule varied
greatly among patients. Furthermore, treatment approaches differed between patients with visible and non-visible
recurrence, including variations in the use of EBRT and BT as well as the incorporation of ISBT. These differences
may have introduced treatment-related heterogeneity and influenced the observed outcomes.

Conclusions

Our study demonstrated that CT-guided BT provides favorable local control for vaginal recurrence after surgery for
endometrial cancer when an adequate radiation dose is delivered. These findings suggest that dose escalation
using EBRT plus BT may be beneficial even in patients with non-visible recurrence. However, distant metastases
remain a major pattern of failure after RT. Therefore, careful follow-up is necessary, especially for patients with
visible recurrence on imaging or those with high-risk postoperative factors.
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dimensional conformal radiotherapy

Declarations

Ethics approval and consent to participate

This study was approved by Ethics Committee Tohoku University Graduate School of Medicine (2025-1-955) and
was conducted according to the tenets of the Declaration of Helsinki. Because of the retrospective nature of the
study, the requirement for written informed consent from each patient was waived. Instead, an opt-out method was
provided on our institutional website at Tohoku University Graduate School of Medicine to allow patients the
opportunity to decline participation.

Competing interests

The authors declare no competing interests in this study.

Funding

The authors declared no financial disclosures in this study.

Author Contribution

RU; Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing — original draft and
Writing — review & editing. SS; Conceptualization, Data curation, Formal analysis, Methodology and Writing — review
& editing. TY; Conceptualization, Data curation and Writing — review & editing. NT; Conceptualization, Data curation
and Writing — review & editing. YS; Conceptualization, Data curation and Writing — review & editing. KK;
Conceptualization, Data curation and Writing — review & editing. SO; Conceptualization, Data curation and Writing —
review & editing. HH; Conceptualization, Data curation and Writing — review & editing. NK; Conceptualization, Data
curation and Writing — review & editing. MS; Conceptualization, Formal analysis, Methodology and Writing — review

Page 17/23



& editing. KJ; Conceptualization, Formal analysis, Methodology, Writing — original draft and Writing — review &
editing. All authors read and approved the final manuscript

Acknowledgement

The authors thank all of the patients who participated in the present study and all of the staff of the Department of
Radiation Oncology, the Department of Obstetrics and Gynecology in Tohoku University Hospital and the
Department of Radiation Oncology in at other hospitals related to Tohoku University Hospital for support in the
present study.

Data Availability

The datasets supporting the conclusions of this article are included within the article.

References

1. Randall ME, Filiaci VL, Muss H, Spirtos NM, Mannel RS, Fowler J, et al. Randomized phase Il trial of whole-
abdominal irradiation versus doxorubicin and cisplatin chemotherapy in advanced endometrial carcinoma: a
Gynecologic Oncology Group Study. J Clin Oncol. 2006;24:36—-44. https://doi.org/10.1200/JC0.2004.00.7617.

2. Susumu N, Sagae S, Udagawa Y, Niwa K, Kuramoto H, Satoh S, et al. Randomized phase Ill trial of pelvic
radiotherapy versus cisplatin-based combined chemotherapy in patients with intermediate- and high-risk
endometrial cancer: a Japanese Gynecologic Oncology Group study. Gynecol Oncol. 2008;108:226—-33.
https://doi.org/10.1016/j.ygyno.2007.09.029.

3. Shigeta S, Nagase S, Mikami M, lkeda M, Shida M, Sakaguchi |, et al. Assessing the effect of guideline
introduction on clinical practice and outcome in patients with endometrial cancer in Japan: a project of the
Japan Society of Gynecologic Oncology (JSGO) guideline evaluation committee. J Gynecol Oncol.
2017,;28:e76. https://doi.org/10.3802/jgo.2017.28.e76.

4. Akesson A, Adok C, Dahm-Kahler P. Recurrence and survival in endometrioid endometrial cancer - a
population-based cohort study. Gynecol Oncol. 2023;168:127-34.
https://doi.org/10.1016/j.ygyno.2022.11.012.

5. Creutzberg CL, Nout RA, Lybeert ML, Warlam-Rodenhuis CC, Jobsen JJ, Mens JW, et al. Fifteen-year
radiotherapy outcomes of the randomized PORTEC-1 trial for endometrial carcinoma. Int J Radiat Oncol Biol
Phys. 2011;81:631-638. https://doi.org/10.1016/j.ijrobp.2011.04.013.

6. Creutzberg CL, van Putten WL, Koper PC, Lybeert ML, Jobsen JJ, Warlam-Rodenhuis CC, et al. Survival after
relapse in patients with endometrial cancer: results from a randomized trial. Gynecol Oncol. 2003;89:201-9.
https://doi.org/10.1016/s0090-8258(03)00126-4.

7. Concin N, Matias-Guiu X, Cibula D, Colombo N, Creutzberg CL, Ledermann J, et al. ESGO-ESTRO-ESP guidelines
for the management of patients with endometrial carcinoma: update 2025. Lancet Oncol. 2025;26:e423-35.
https://doi.org/10.1016/S1470-2045(25)00167-6.

8. Kamrava M, Beriwal S, Erickson B, Gaffney D, Jhingran A, Klopp A, et al. American Brachytherapy Society
recurrent carcinoma of the endometrium task force patterns of care and review of the literature.
Brachytherapy. 2017;16:1129-43.

Page 18/23



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Maragkoudakis E, Panoskaltsis T, Pavlakis K, Grenzelia M, Kavoura E, Papageorgiou G, et al. The Impact of

Salvage Radiotherapy in Recurrent Endometrial Cancer: A Review Focusing on Early-Stage. Endometrial Cancer
Locoregional Relapses Life (Basel). 2025;15(7):1013. https://doi.org/10.3390/life15071013.

Kamrava M, Leung E, Bachand F, Beriwal S, Chargari C, D'Souza D, et al. GEC-ESTRO (ACROP)-ABS-CBG
Consensus Brachytherapy Target Definition Guidelines for Recurrent Endometrial and Cervical Tumors in the
Vagina. Int J Radiat Oncol Biol Phys. 2023;115:654-63. https://doi.org/10.1016/j.ijrobp.2022.09.072.

Schmid MP, Fokdal L, Westerveld H, Chargari C, Rohl L, Morice P, et al. Recommendations from gynaecological
(GYN) GEC-ESTRO working group - ACROP: Target concept for image guided adaptive brachytherapy in primary
vaginal cancer. Radiother Oncol. 2020;145:36—-44. https://doi.org/10.1016/j.radonc.2019.11.005.

Gay HA, Barthold HJ, O'Meara E, Bosch WR, El Naqga |, Al-Lozi R, et al. Pelvic normal tissue contouring
guidelines for radiation therapy: a Radiation Therapy Oncology Group consensus panel atlas. Int J Radiat
Oncol Biol Phys. 2012;83:€353-362. https://doi.org/10.1016/j.ijrobp.2012.01.023.

Dale RG. The application of the linear-quadratic dose-effect equation to fractionated and protracted
radiotherapy. Br J Radiol. 1985;58:515-28. https://doi.org/10.1259/0007-1285-58-690-515.

Bentzen SM, Dorr W, Gahbauer R, Howell RW, Joiner MC, Jones B, et al. Bioeffect modeling and equieffective
dose concepts in radiation oncology—terminology, quantities and units. Radiother Oncol. 2012;105:266-8.
https://doi.org/10.1016/j.radonc.2012.10.006.

Fowler JF. Sensitivity analysis of parameters in linear-quadratic radiobiologic modeling. Int J Radiat Oncol Biol
Phys. 2009;73:1532-7. https://doi.org/10.1016/j.ijrobp.2008.11.039.

Akobeng AK. Understanding diagnostic tests 3: Receiver operating characteristic curves. Acta Paediatr.
2007;96:644-7. https://doi.org/10.1111/j.1651-2227.2006.00178.x.

Morisada T, Kobayashi Y, Nagase S, Baba T, Tokunaga H, Watari H, et al. Japan Society of Gynecologic
Oncology 2023 guidelines for treatment of uterine body neoplasm. J Gynecol Oncol. 2025;36:e119.
https://doi.org/10.3802/jg0.2025.36.e119.

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events per
variable in logistic regression analysis. J Clin Epidemiol. 1996;49:1373-9. https://doi.org/10.1016/s0895-
4356(96)00236-3.

Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in logistic and Cox regression. Am J
Epidemiol. 2007;165:710-8. https://doi.org/10.1093/aje/kwk052.

Kamran SC, Manuel MM, Catalano P, Cho L, Damato AL, Lee LJ, et al. MR- versus CT-based high-dose-rate
interstitial brachytherapy for vaginal recurrence of endometrial cancer. Brachytherapy. 2017;16:1159-68.
https://doi.org/10.1016/j.brachy.2017.07.007.

Maina J, Liu ZA, Milosevic M, Croke J, Lukovic J, Malik N, et al. MRI-guided brachytherapy for vaginal
recurrence of endometrial cancer. Brachytherapy. 2026;25:107-14.
https://doi.org/10.1016/j.brachy.2025.10.007.

Sherwood M, Barnes T, Chen H, Taggar A, Paudel M, Zhang L, et al. Salvage interstitial brachytherapy for
treatment of recurrent endometrial cancers in the vagina: Seven-year single institution experience and review
of second recurrence patterns. Brachytherapy. 2025;24:36-44. https://doi.org/10.1016/j.brachy.2024.09.007.
Wortman BG, Creutzberg CL, Putter H, Jurgenliemk-Schulz IM, Jobsen JJ, Lutgens L, van der Steen-Banasik
EM, et al. Ten-year results of the PORTEC-2 trial for high-intermediate risk endometrial carcinoma: improving
patient selection for adjuvant therapy. Br J Cancer. 2018;119:1067-74. https://doi.org/10.1038/s41416-018-
0310-8.

Page 19/23



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Harkenrider MM, Grover S, Erickson BA, Viswanathan AN, Small C, Kliethermes S, et al. Vaginal brachytherapy
for postoperative endometrial cancer: 2014 Survey of the American Brachytherapy Society. Brachytherapy.
2016;15:23-9. https://doi.org/10.1016/j.brachy.2015.09.012.

Sekii S, Murakami N, Kato T, Harada K, Kitaguchi M, Takahashi K, et al. Outcomes of salvage high-dose-rate
brachytherapy with or without external beam radiotherapy for isolated vaginal recurrence of endometrial
cancer. J Contemp Brachytherapy. 2017;9:209-15. https://doi.org/10.5114/jcb.2017.67755.

Beriwal S, Demanes DJ, Erickson B, Jones E, De Los Santos JF, Cormack RA, et al. American Brachytherapy
Society consensus guidelines for interstitial brachytherapy for vaginal cancer. Brachytherapy. 2012;11:68-75.
https://doi.org/10.1016/j.brachy.2011.06.008.

Chapman CH, Maghsoudi K, Littell RD, Chen LM, Hsu IC. Salvage high-dose-rate brachytherapy and external
beam radiotherapy for isolated vaginal recurrences of endometrial cancer with no prior adjuvant therapy.
Brachytherapy. 2017;16:1152-8. https://doi.org/10.1016/j.brachy.2017.07.002.

Jhingran A, Burke TW, Eifel PJ. Definitive radiotherapy for patients with isolated vaginal recurrence of
endometrial carcinoma after hysterectomy. Int J Radiat Oncol Biol Phys. 2003;56:1366—72.
https://doi.org/10.1016/s0360-3016(03)00414-0.

Baek S, Isohashi F, Yamaguchi H, Mabuchi S, Yoshida K, Kotsuma T, et al. Salvage high-dose-rate
brachytherapy for isolated vaginal recurrence of endometrial cancer. Brachytherapy. 2016;15:812-6.
https://doi.org/10.1016/j.brachy.2016.08.005.

Curran WJ Jr.,, Whittington R, Peters AJ, Fanning J. Vaginal recurrences of endometrial carcinoma: the
prognostic value of staging by a primary vaginal carcinoma system. Int J Radiat Oncol Biol Phys.
1988;15:803-8. https://doi.org/10.1016/0360-3016(88)90110-1.

Klopp AH, Yeung AR, Deshmukh S, Gil KM, Wenzel L, Westin SN, et al. Patient-Reported Toxicity During Pelvic
Intensity-Modulated Radiation Therapy: NRG Oncology-RTOG 1203. J Clin Oncol. 2018;36:2538-44.

Chopra S, Gupta S, Kannan S, Dora T, Engineer R, Mangaj A, et al. Late Toxicity After Adjuvant Conventional
Radiation Versus Image-Guided Intensity-Modulated Radiotherapy for Cervical Cancer (PARCER): A
Randomized Controlled Trial. J Clin Oncol. 2021;39:3682-92. https://doi.org/10.1200/JC0.20.02530.

Bendifallah S, Ouldamer L, Lavoue V, Canlorbe G, Raimond E, Coutant C et al. Patterns of recurrence and
outcomes in surgically treated women with endometrial cancer according to ESMO-ESGO-ESTRO Consensus
Conference risk groups: Results from the FRANCOGYN study Group. Gynecol Oncol. 2017;144:107-112.
https://doi.org/10.1016/j.ygyno.2016.10.025

Sapienza LG, Ning MS, de la Pena R, McNew LK, Jhingran A, Georgeon L, et al. Outcomes and toxicity after
salvage radiotherapy for vaginal relapse of endometrial cancer. Int J Gynecol Cancer. 2020;30:1535-41.
https://doi.org/10.1136/ijgc-2020-001281.

Lindemann K, Smogeli E, Smastuen MC, Bruheim K, Trovik J, Nordberg T, et al. Salvage Radiation for Pelvic
Relapse after Surgically Treated Endometrial Cancer. Cancers (Basel). 2021;13(6):1367.
https://doi.org/10.3390/cancers13061367.

Vargo JA, Kim H, Houser CJ, Berhane H, Sukumvanich P, Olawaiye AB, et al. Definitive salvage for vaginal
recurrence of endometrial cancer: the impact of modern intensity-modulated-radiotherapy with image-based
HDR brachytherapy and the interplay of the PORTEC 1 risk stratification. Radiother Oncol. 2014;113:126-31.
https://doi.org/10.1016/j.radonc.2014.08.038.

Wylie J, Irwin C, Pintilie M, Levin W, Manchul L, Milosevic M, et al. A. Results of radical radiotherapy for
recurrent endometrial cancer. Gynecol Oncol. 2000;77:66-72. https://doi.org/10.1006/gyn0.2000.5727.

Page 20/23



38. Makker V, Colombo N, Casado Herraez A, Monk BJ, Mackay H, Santin AD, et al. Lenvatinib Plus Pembrolizumab
in Previously Treated Advanced Endometrial Cancer: Updated Efficacy and Safety From the Randomized Phase
[l Study 309/KEYNOTE-775. J Clin Oncol. 2023;41:2904-10. https://doi.org/10.1200/JC0.22.02152.

39. Baba K, Sumiya T, Saito T, Murakami M, Sakurai H. Lenvatinib-Associated Vaginal Necrosis and Rectovaginal
Fistula After Brachytherapy. Cureus. 2025;17:e83541. https://doi.org/10.7759/cureus.83541.

40. Klopp AH, Enserro D, Powell M, Randall M, Schink JC, Mannel RS et al. Radiation Therapy With or Without
Cisplatin for Local Recurrences of Endometrial Cancer: Results From an NRG Oncology/GOG Prospective
Randomized Multicenter Clinical Trial. J Clin Oncol. 2024;42:2425-2435.
https://doi.org/10.1200/JC0.23.01279. Authors and Affiliations Rei Umezawa'*, Shogo Shigeta?, Takaya
Yamamoto', Noriyoshi Takahashi', Yu Suzuki’, Keita Kishida', So Omata', Hinako Harada', Noriyuki Kadoya',
Muneaki Shimada? and Keiichi Jingu' ! Department of Radiation Oncology, Tohoku University Graduate School
of Medicine, Sendai, Japan ? Department of Obstetrics and Gynecology, Tohoku University Graduate School of
Medicine, Sendai, Japan *Corresponding author. Department of Radiation Oncology, Tohoku University
Graduate School of Medicine, 1-1, Seiryou-machi, Aobaku, Sendai 980-8574, Japan. E-mail address:
reirei513@hotmail.com (R. Umezawa).

Figures

Page 21/23



Figure 1

Axial images showing high-risk clinical target volume contouring for non-visible recurrence (A) and visible
recurrence (B), and axial images of dose distribution using a cylinder applicator for intracavitary brachytherapy (C)
and intracavitary and interstitial brachytherapy (D).
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Figure 2

Results of local control, regional recurrence-free survival, distant metastasis-free survival, disease-free survival, and
overall survival in all patients (A), and local control in HR-CTV D90 = 67.3 Gy and < 67.3 Gy (B).
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Figure 3

Results of local control, regional recurrence-free survival, distant metastasis-free survival, disease-free survival, and
overall survival in patients with non-visible (A) and visible recurrence (B).
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