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Abstract

Purpose: To present our early experience with the post-operative intracavitary pulsed-dose-rate vaginal brachyther-
apy (PDR VBT) in high-intermediate risk endometrial cancer patients as defined in the PORTEC-2 trial.

Material and methods: The study group included 60 high-intermediate risk endometrial cancer patients with a me-
dian age of 64 (range: 57-87) treated between April 2010 and December 2013 with PDR VBT at a dose of 18 Gy (range:
17-27);1 Gy/ pulse, pulses repeated every hour. Prior surgery consisted of a total abdominal hysterectomy and bilateral
salpingo-oophorectomy with or without a lymphadenectomy.

Results: After a median follow-up of 23 months there were two local recurrences, both located in the lower part
of the vagina, outside of the irradiated area. One of the relapsed women was susccessfully salvaged with surgery
followed by pelvic irradiation and remained free of the disease for the subsequent three years. Following therapy,
24 (40%) of the patients experienced grade 1 or 2 urinary and/or bowel toxicity. There was one case with a serious

post-surgical (grade 3) urinal side effect.

Conclusions: Post-operative PDR VBT at a dose of 18 Gy /18 pulses/every hour seems to be a safe technique and
ensures vaginal control in high-intermediate risk endometrial cancer patients. Additional follow-up including larger
number of patients is necessary for the final assessment of this therapy.
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Purpose

Post-operative vaginal brachytherapy (VBT) is con-
sidered an adequate management to prevent vaginal
failure in patients with early endometrial cancer [1]. Post
Operative Radiation Therapy in Endometrial Carcino-
ma (PORTEC-2) randomised trial demonstrated similar
local control with a better quality of life with VBT, as
compared to external beam pelvic irradiation for high-
intermediate risk endometrial cancer patients [2,3]. In this
trial, a dose equivalent to 45-50 Gy was delivered to the
vaginal mucosa in the VBT group: 21 Gy in three fractions
of 7 Gy, 1 week apart for high-dose-rate (HDR; 85.4% of
patients); 30 Gy at 0.5-0.7 Gy/h for low-dose-rate (LDR;
8.9% of patients), and 28 Gy at 1.0 Gy/h in one session for
the medium-dose-rate (3.8% of patients). Here we pres-
ent our results with 18 Gy pulsed-dose-rate (PDR) VBT in
a similar group of endometrial cancer patients.

Material and methods

Between April 2010 and December 2013, 60 consec-
utive endometrial cancer patients underwent the post-
operative PDR VBT procedure at the Medical Univer-
sity of Gdansk (Table 1). All patients met the inclusion
criteria used in the PORTEC-2: 1) over 60 years old and
FIGO 1988 stage IC grade 1 or 2 disease, or stage 1B
grade 3 disease, and 2) had any age and stage IIA dis-
ease, and any grade (apart from grade 3 with greater than
50% myometrial invasion). The planned dose of 18 Gy/
18 pulses/every hour specified at 0.5 cm distance from
the external surface of the single-channel cylinder, with
the reference isodose covering the proximal 3 cm of the
vagina was administered, except for the first 11 and other
3 patients, who were prescribed a dose of 20-27 Gy and
17 Gy, respectively. Fifty patients had 2D orthogonal film-
based plans, and the remaining 10 had 3D BT. The dosim-
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etry was calculated using PLATO, v. 14.1 and Oncentra
Master Plan v. 3.1,2 or 3 planning systems (Nucletron, an
Elekta company, Elekta AB, Stockholm, Sweden) with or
without optimization type: dose points on distance, with
manual modifications in some cases. The median interval
between surgery and VBT was 74 days (range: 47-116).
Treatment plans were assessed retrospectively and the
dose at the tip of the applicator for each BT application
was extracted. The equivalent dose in 2 Gy fractions
(EQD2) at this point for the tumor (a/p = 10) was calcu-

Table 1. Patient and treatment characteristics

(n=60)
Variable n (%)
Age (years)
Range 57-87
Median 64
FIGO stage (according to FIGO 1988 staging)
IC 41 (68.3)
1A 19 (31.7)
Lymphadenectomy
Done 31 (51.7)
Sentinel lymph node dissection without 9 (15)
lymphadenectomy
Cell differentation
Gl 18 (30)
G2 32 (53.3)
G3 10 (16.7)
The dose of brachytherapy (Gy)
17 309
18 46 (76.7)
20 1(17)
21 6 (10)
24 1(1.7)
27 3(5)
Cylinder diameter (cm)
2 33 (55)
3 27 (45)

Table 2. Calculated equivalent doses in 2 Gy fractions
Type of applicator

lated with the formula for treatment of PDR, as reported
elsewhere [4]. Calculated EQD2 at the tip point and at
a 0.5 cm depth from the applicator surface are presented
in Table 2. After treatment completion, all patients were
followed-up regularly.

Results

After a median follow-up of 23 months, there were
two (3%) local treatment failures, in both cases includ-
ing the lower vaginal metastases outside of the irradiat-
ed volume. One IC G1 patient relapsed 11 months after
27 Gy 2D BT. After exclusion of endometrial cancer
spread by PET, she was successfully salvaged with sur-
gery followed by pelvic irradiation at a dose of 50 Gy/
28 fractions with the concomitant boost of 4 Gy to the
vaginal tumour. She has remained free of the disease for
the subsequent three years. Another relapse was seen in
an IC G2 case diagnosed 5 months after surgery and the
20 Gy BT, treated with palliative local irradiation and
chemotherapy, who subsequently died due to cancer dis-
semination. Distant cancer metastases to the lung devel-
oped in one more patient.

Pulsed-dose-rate VBT was well tolerated. After ther-
apy, 24 patients (40%) complained of mild (grade 1 or 2)
urinary, most frequently incontinence, and/ or bowel com-
plications. There was one case of postsurgical grade 3 uri-
nary toxicity. No severe bowel effects were observed.

Discussion

In the PORTEC-2 trial after VBT, 5-year rates of lo-
coregional (vaginal or pelvic recurrence, or both) and
vaginal recurrence were 5.1% and 1.8%, respectively at
a median follow-up of 45 months (range: 18-78) [3]. In
that trial, the reference isodose covered the proximal half
of the vagina. The 5-year actuarial locoregional relapse
rate of 5% and the vaginal recurrence rate of 2.7% in the
VBT group alone were reported in another randomised
trial, which compared external pelvic and vaginal irra-
diation versus vaginal irradiation alone in medium-risk
group endometrial cancer patients [5]. In that trial, low-
risk and high-risk cases were included, thus the study
populations were not fully comparable with those en-
tered into the PORTEC-2. The interval time between sur-
gery and VBT, with or without pelvic irradiation, was

EQD2 (Gy)

At the tip point of cylinder

At a 0.5 cm depth from applicator

Entire group

18 Gy subgroup Entire group 18 Gy subgroup

Cylinder diameter 2 cm

Range 41.0-72.8 41.0-61.4 19.6-31.58 20.7-20.8

Mean/Median 56.4/54.6 52.2/50.7 22.7/20.8 21.8/20.8
Cylinder diameter 3 cm#*

Range = 49.7-86.2 = 20.7-20.8

Mean/Median = 73.9/74.1 = 20.7/20.7

EQD?2 - the equivalent dose in 2 Gy fraction, * — all cases received 18 Gy
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4 to 8 weeks. The proximal two-thirds of the vaginal
length was defined as the target volume, and the total
doses delivered with HDR (as the main technique) or
LDR were 17.7 Gy to 20 Gy in either six, three or one frac-
tion (in LDR). Vagina relapse in seven cases (2%), includ-
ing one outside the irradiated volume, was reported in
a large retrospective study of 382 intermediate-risk (also
included high-risk cases) endometrial cancer patients
treated with HDR VBT with a median dose of 21 Gy
(range: 6-21) delivered in three fractions at 2-week inter-
vals [6]. The target volume was one-half to two-thirds of
the length of the vagina. In both series, the dose was spec-
ified at a depth of 0.5 cm from the surface of the vaginal
cylinder. In our series of patients who met the PORTEC-2
trial inclusion criteria and were treated with PDR BT, two
isolated vaginal relapses were observed, both outside
volumes encompassed by 2D BT. One of the relapsed pa-
tients was salvaged with surgery and radiation.

Pelvic irradiation planning in a case of local relapse
after the vaginal vault BT is complex and should avoid
the overlap of treated areas when two separate planning
systems are used, as it was in a case salvaged with radio-
therapy. The risk of complications varies and is associat-
ed with the cumulative BT dose. The introduction of 3D
treatment planning has provided more precise informa-
tion on the doses received by adjacent critical structures
from the post-operative intracavitary vaginal vault BT,
and may facilitate radiotherapy planning in the case of lo-
cal recurrence. A simple method that allows transition to
3D CT based vaginal cylinder BT planning was described
[7]. Of note, for intravaginal BT, a multi-channel cylinder
was shown to provide dose reduction to normal tissue
as compared to the standard device with a single central
channel [8].

Acute grade 1 and 2 gastrointestinal (EORTC-RTOG
small/large intestine) toxic effects in 12.6% and a <1% rate
of grade 3 complications after VBT were reported in the
PORTEC-2 [2]. In the abovementioned trial by Sorbe et al.,
all (grade 1 to 3) late reactions were recorded in 2.7% of
cases administered VBT alone, with grade 3 urinary tract
side effects in 0.8% [5]. Grade 3 or worse complications
were reported in 0.8% of patients in the abovementioned
retrospective study of HDR VBT to a lenght of 5 cm and
6 cm of the vagina [6]. The rate of late urinary reactions
grade 1 and 2 of 7%, and 3%, respectively, was reported
in another series utilizing HDR BT [9]. In that series, no
severe side effects accompaning PDR VBT were noted.

The use of sole post-operative VBT in low to interme-
diate risk early stage patients with endometrial cancer
has significantly increased in recent years but fractiona-
tion schedules and target volumes in the vaginal vault in
this therapy need to be standardized. Apart from HRD
and LDR techniques, which were used in the PORTEC-2
trial, with the dose prescribed to 0.5 cm depth as common
fractionation schemes, there is a variety of fractionations
in both techniques, which provide comparable results
[1,10]. The American Brachytherapy Society guidelines
formulated for adjuvant vaginal cuff BT (HDR and LDR)
after a hysterectomy, recommends routine irradiation of
the proximal 3-5 cm of the vagina [10].

Pulsed-dose-rate treatment is a relatively uncommon
BT modality combining the physical advantage of HDR
technology and radiobiological advantage of convention-
al continuous LDR BT. To achieve the equivalent of the
LDR effect while using PDR treatment strategy, a similar
total dose and an average dose rate should be considered.
The recommended optimal dose rate with the PDR tech-
nique is from 0.4 to 0.7 Gy/h, however, the optimal time-
dose pattern for PDR is still debated. A dose of 1 Gy per
pulse (i.e. the upper dose limit for keeping hypothetical
favourable biological features of PDR) applied in endo-
metrial cancer patients administered adjuvant VBT, is our
intitutional policy. We have selected this dose for a prac-
tical reason - to shorten the treatment time. In a similar
way to some other institutions, the PDR in our practice
has replaced the LDR treatment.

The reported experience with the PDR technique in
endometrial cancer is still limited. Four-dimentional im-
age-guided adaptive PDR BT as a boost dose, following
external beam radiotherapy, has been reported in locally
recurrent endometrial cancer [11]. There is no reported
study of sole PDR VBT in an adjuvant setting for endo-
metrial cancer, which makes it impossible to compare this
series to reports from other institutions.

The prescribed dose of 18 Gy in 18 hourly pulses was
chosen following the calculation that it is equivalent to
at least 45 Gy on the surface of the applicator [12]. In
fact, with the use of the EQD2 formula as a recommend-
ed method of comparing the two fractionation schemes,
this department’s PDR treatment dose of 18 Gy is lower
than the doses used in the PORTEC-2. For the tumor ef-
fect (a/p = 10), the estimated LDR dose of 30 Gy reported
in this trial with the use of EQD2 remains in a range of
approximately 30.2 Gy to 32.2 Gy, depending on a de-
livered dose rate of 0.5 to 0.7 Gy/h, respectively. In this
series, the 18 Gy dose used in PDR is an equivalent dose
of only 20 Gy. In the Sorbe et al. trial [5] recalculated to
EQD2 (a/p = 10), the total doses were 19.5 Gy to 23.5 Gy
at a depth of 0.5 cm and 29.3 Gy to 35.3 Gy at the surface
of the vaginal applicator.

It should be pointed out that the EQD2 dose at the tip
point in our series is not the same across the applications,
even in a subgroup treated with 18 Gy. Both the choice
of optimization algorithm, and optimization points pro-
foundly affect the dose distribution in presented cases.

A much longer (median 74 days) time gap between
surgery and the VBT procedure, as compared to that used
in the PORTEC-2 trial (42.5 days), is another difference.
Beside non-medical reasons, delaying the onset of VBT
was necessary, since in many patients the cuff is not fully
healed after a period of six weeks after hysterectomy. In-
deed, vaginal dehiscence following HDR VBT, six weeks
after laparoscopic robotic hysterectomies in two patients
with endometrial carcinoma, was reported [13]. Hence, it
is this department’s policy to perform the VBT procedure
at least two months after hysterectomy.

In the summary, post-operative PDR VBT at a dose of
18 Gy is safe and seems to provide adequate tumor con-
trol in high-intermediate risk endometrial cancer patients
as defined in the PORTEC-2 trial. Nevertheless, close
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follow-up after VBT is warranted to implement a timely
salvage therapy in cases with local relapses. Additional
follow-up, on a larger number of patients is neccessary
for final assessment of this therapy.

Conclusions

Post-operative PDR VBT at a dose of 18 Gy /18 puls-
es/every hour seems to be a safe technique and ensures
vaginal control in high-intermediate risk endometrial
cancer patients. Additional follow-up including a larger
number of patients is necessary for the final assessment
of this therapy.
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