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Abstract

Purpose: High-dose-rate brachytherapy (HDR-BT) alone is an adjuvant treatment option for stage I intermediate-
risk endometrial cancer after complete surgical resection. The aim of this study was to determine the value of the dose
reported to ICRU bladder point in predicting acute urinary toxicity. Oncologic results are also presented.

Material and methods: One hundred twenty-six patients were treated with postoperative HDR-BT 24 Gy (4 x 6 Gy)
per ICRU guidelines for dose reporting. Cox analysis was used to identify variables that affected local control.
The mean bladder point dose was examined for its ability to predict acute urinary toxicity.

Results: Two patients (1.6%) developed grade 1 gastrointestinal toxicity and 12 patients (9.5%) developed grades 1-2
urinary toxicity. No grade 3 or greater toxicity was observed. The mean bladder point dose was 46.9% (11.256 Gy) and
49.8% (11.952 Gy) for the asymptomatic and symptomatic groups, respectively (p = 0.69). After a median follow-up of
36.8 months, the 3-year local failure and 5-year cancer-specific and overall survival rates were 2.1%, 100%, and 94.6%,
respectively. No pelvic failure was seen in this cohort. Age over 60 years (p = 0.48), lymphatic invasion (p = 0.77), FIGO
histological grade (p = 0.76), isthmus invasion (p = 0.68), and applicator type (cylinder x ovoid) (p = 0.82) did not signifi-

cantly affect local control.

Conclusions: In this retrospective study, ICRU bladder point did not correlate with urinary toxicity. Four fractions
of 6 Gy HDR-BT effected satisfactory local control, with acceptable urinary and gastrointestinal toxicity.
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Purpose

Radiotherapy is an important adjuvant treatment op-
tion for intermediate-risk stage I endometrial cancer. Sev-
eral phase III trials have shown that radiotherapy in inter-
mediate-risk patients decreases locoregional recurrences
but does not improve survival [1, 2, 3, 4, 5, 6,7, 8, 9, 10].
Regarding vaginal control, the Postoperative Radiation
Therapy in Endometrial Cancer (PORTEC-2) trial con-
cluded that isolated brachytherapy (BT) is equivalent to
external beam radiotherapy (EBRT) for intermediate-risk
patients [8]. Moreover, BT is associated with less gastroin-
testinal toxicity [2, 8, 11].

Report number 38 by the International Commission
on Radiation Units and Measurements (ICRU) established
the technical basis for 2-dimensional intracavitary BT [12],

and suggested that the dose to the bladder and rectum be
reported using reference points, visualized on simple or-
thogonal X-rays. Recently, regarding vaginal vault treat-
ment, the American Brachytherapy Society (ABS) also
recommended considering the documentation of doses to
the adjacent normal tissue, particularly of these 2 adjacent
organs at risk (OARs) [13].

In low-dose-rate (LDR) BT, for example, Perez et al.
demonstrated a lack of correlation between rectal point
dose and the incidence of late grade 2 rectosigmoid toxic-
ity, and between ICRU bladder point dose and grade 2 or
3 urinary toxicity [14]. No study has examined the clini-
cal significance of ICRU points and their ability to predict
toxicity in treatment with high-dose-rate (HDR) BT alone.

The main objective of this study was to report toxicity
to the rectum and bladder, and evaluate the reliability of
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the dose to the bladder in predicting urinary toxicity with
postoperative vaginal vault HDR-BT alone. Further, we
analyzed local failure (LF), pelvic failure (PF), metastasis
incidence (MI), and overall survival (OS) in a cohort of
patients who were treated with BT for intermediate-risk
stage I endometrial cancer.

Material and methods

Eligibility criteria

The study cohort comprised patients with endometri-
al cancer who were initially treated with complete sur-
gical resection and staging; classified as having stage I,
intermediate-risk disease, and subsequently treated be-
tween 2009 and 2013. This period was selected to avoid
the need for pelvic external beam irradiation for inter-
mediate-risk stage I endometrial cancer, because our
institutional guidelines changed after publication of the
PORTEC-2 study [8].

The intermediate-risk patients were divided in 2 sub-
groups. The high-intermediate-risk (HIR) group was
based on the PORTEC-2 eligibility criteria: age greater
than 60 years and 2009 FIGO stage IB (invasion greater
than 50% of the myometrium) with grade 1 or 2 disease
or 2009 FIGO stage IA (invasion less or equal 50% of
the myometrium) with grade 3, and stage IIA disease,
any age (except grade 3 with greater than 50% myome-
trium invasion). The remaining patients were classified

as low-intermediate-risk (LIR), excluding low-risk IA G1
(without adverse pathological findings, such as lympha-
tic invasion and isthmus involvement).

Dosimetry

Dosimetric data were obtained from the treatment
planning system (Eclipse®, version 11.0, Varian, Palo
Alto, CA, USA) using simple orthogonal X-ray images
(Figure 1). Reference points for rectal and bladder doses
were acquired per ICRU 38 guidelines [12]. Briefly, the
point of reference for the rectal dose was determined in
the lateral radiograph, 5 mm behind the posterior vaginal
wall, posterior to the vaginal applicator. The bladder ref-
erence point was obtained using a Foley catheter with the
balloon filled with 7 cc of radio-opaque fluid. The cathe-
ter was pulled downward to bring the balloon against the
urethra. On the lateral radiograph, the bladder reference
point was identified on the posterior surface of the bal-
loon, on an anterior-posterior line through the center of
the balloon. On the anterior-posterior (AP) radiograph,
the reference point was taken as the center of the balloon.

Per institutional protocols, all patients were treated
with HDR-BT devices (GammaMed-Varian, Palo Alto, CA,
USA), targeting the proximal 2 cm of the vaginal vault
for vaginal cylinders or the vaginal vault for ovoids. Al-
though we did not report such values, the 2 cm-proximal
vaginal target was intended to decrease the vaginal late
toxicity rate. The dose was prescribed at a depth of 0.5 cm

Fig. 1. Example of simple orthogonal X-ray images used for localization of vaginal cylinder and ICRU bladder (white arrow)
and ICRU rectal reference points (black arrow) per the ICRU 38 report. A) Anteroposterior projection. B) Lateral projection
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from the mucosal surface. The dose was 24 Gy, delivered
in 4 weekly fractions of 6 Gy (BED = 72 Gy;/38.4 Gyy).
This regimen had an EQD, dose of 32 Gy (o/p ratio = 10).

Toxicity scoring

Acute toxicity was graded per the Common Termi-
nology Criteria for Adverse Events (CTCAE v4.0) [15],
and all patients were followed weekly during the treat-
ment to assess acute toxicities. This study was limited to
the evaluation of urinary and rectal toxicity. By student’s
t-test, we compared the mean doses of OARs between
groups with (symptomatic group [SG]) and without uri-
nary toxicity (asymptomatic group [AG]).

Treatment outcomes

Treatment outcomes were evaluated for patients with
more than 1 year of follow-up. Survival times were cal-
culated from the date of initiation of therapy (date of sur-
gery). Pelvic lymph node recurrence alone or concurrent
with local failure was considered PF. Local failure and
survival analyses were performed by Kaplan-Meier meth-
od and log-rank test was used for the subgroup analysis.
The institutional ethics research committee approved this
study.

Results

One hundred twenty-six consecutive patients were
analyzed. The median age at diagnosis was 61 years
(range: 29-86). Seven patients were excluded from the
analysis of oncological outcomes, because they were ret-
rospectively considered to be high-risk (1 = 6) or low-risk
without adverse pathological findings (n = 1) but were
included in the toxicity analysis. The median tumor size
was 3.1 cm (range: 0.6-9.6 cm). The patients and treatment
profiles are detailed in Table 1. Brachytherapy treatments
were delivered with a cylinder (94.4%) or ovoids (5.6%) at
the discretion of the physician.

Two patients (1.6%) developed grade 1 gastrointesti-
nal (GI) toxicity and 12 patients (9.5%) developed grades
1-2 urinary (GU) toxicity (Table 2). No grade 3 or greater
GI or GU toxicity was observed. The mean bladder point
dose was 46.9% of prescription (11.26 Gy) for the AG, and
49.8% of prescription (11.95 Gy) for the SG (p = 0.69). Of
the 7 patients with grade 2 urinary toxicities, three (42.8%)
were also diagnosed with urinary tract infection, requir-
ing treatment with oral antibiotics. As expected, the dose
at the ICRU rectal point was 24 Gy in all cases, because
the reference line for prescription (0.5 cm depth from the
mucosal surface) included the rectal reference point.

For patients with more than 1 year of follow-up
(n=104), after a median of 36.8 months, there were 2 vagi-
nal failures (both at 18 months of follow-up) and 2 deaths,
none that was related to progression of endometrial can-
cer (1 case of acute myocardial infarction and 1 case of
sepsis after an attempt at surgical removal of an intesti-
nal adhesion). The 3-year LF rate was 2.1% (Figure 2A).
The 5-year cancer-specific survival rate was 100%. As
shown in Figure 2B, the 5-year OS was 94.6%. No pelvic
failure was observed in this cohort. One patient devel-

oped distant metastasis to the lungs after 24 months of
follow-up but remains alive after 1 year.

In a subgroup analysis, although both failures occurr-
ed in patients aged older than 60 years, age was not a sta-
tistically significant predictor of LF (p = 0.48) (Figure 2C).
The IHR group was not associated with an increased
risk of LF compared with intermediate-low-risk patients
(p = 091) (Figure 2D). Similarly, lymphatic invasion
(p = 0.77), FIGO histological grade (p = 0.76), isthmus in-
vasion (p = 0.68), and applicator type (cylinder vs. ovoid)
(p = 0.82) were not linked to LF (Figure 2C,D). Also,

Table 1. Patients and treatment characteristics

Factors N %
Age
<60y 54 42.9
> 60y 72 57.1
Lymphadenectomy
None 18 14.3
Sampling* 14 11.1
Systematic** 79 62.7
Not available 15 11.9
FIGO group
IAG1 7 5.6
IAG2 46 36.5
IAG3 34 27
IBG1 14 111
IBG2 21 16.7
IBG3 3 24
IIAG2 1 0.8

Isthmus involvement

Negative 107 84.9

Positive 19 15.1

Angiolimphatic invasion

Negative 118 93.7

Positive 8 6.3

*Sampling: less than 12 lymph nodes removed. **Systematic: 12 or more lymph
nodes removed. FIGO 2009 staging

Table 2. Toxicity

Grade Gl (n, %) GU (n, %) Positive urine Positive urine
culture (n) culture (%)

1 2 (16) 54) 0 0

2 0 7 (5.5) 3 42.8

3-5 0 0 0 0

Gl — gastro-intestinal, GU — genito-urinary
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Fig. 2. Kaplan-Meier survival tables. A) Incidence of vaginal failure. B) Overall survival. C) Incidence of vaginal failure as
a function of age. D) Incidence of vaginal failure as a function of risk. LIR - low-intermediate-risk; HIR - high-intermediate-risk

lymphadenectomy failed to correlate with differences in
local recurrence (p = 0.43) and OS - the 5-year OS rates
were 95.5% and 94.7% with and without lymphadenecto-
my, respectively (p = 0.44).

Discussion

The small number of events [3 disease failures (2 LF
and 1 distant metastasis) and 14 treatment G1-G2-related
adverse effects] in this cohort demonstrates the outstand-
ing prognosis and safety profile of using BT alone in the
adjuvant treatment of stage I intermediate-risk endome-
trial cancer patients.

In this study, 1.6% of patients developed acute G1-G2
GI toxicity, which is favorable compared with the vaginal
brachytherapy-alone arm in PORTEC-2 [8], which report-
ed a12.6% acute GI-G2 Gl toxicity rate. This excellent tox-
icity profile, even with the higher EQD, dose in our regi-
men - 32 Gy vs. 29.8 Gy in PORTEC-2 - can be explained
in part by the activation of sources at only 2 cm of the
vaginal vault. Because our study did not evaluate vagi-
nal toxicity, and because PORTEC-2 did not present acute
GU toxicity, these adverse effects were not compared.

ICRU classically establishes surrogate points for the
assessment of toxicity, based on 2-dimensional referenc-
es [12]. The principal criticism of these points is the lack
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of a proven correlation between the reference point for
calculation of the dose and clinical toxicity. This finding
might be due to technical inaccuracies in the dose mea-
surements, considering that these points are bidimension-
al representations of a 3-dimensional distribution of dose.
There are differences between the ICRU bladder dose and
the volumetric (0.1 cc, 1 cc, and 2 cc) or maximum dose
to this organ [16]. Also, the recommendation by the ICRU
to pull down the catheter to place the balloon against the
urethra is one example of a potential source of inaccuracy
[12]. The pressure that is used can generate variable dis-
placement of the reference point, because this is related to
the position of the balloon, which might fail to be accom-
panied by equal displacement of the bladder.

In addition to the technical uncertainties of vagi-
nal cuff brachytherapy alone, the exact origin of acute
symptoms is unknown. The urinary pain that is associ-
ated with therapeutic radiation might be related to the
dose to the entire bladder, part of the organ, trigone of
bladder [17], and the urethra [18]. As noted in our study,
the urine analysis diagnosed an infection in over 40% of
cases with grade 2 urinary toxicity, likely due to blad-
der catheterization, a possible explanation for urinary
pain. This finding suggests another limitation of the
ICRU dose reporting system, which requires the pres-
ence of the urinary catheter balloon inside of the blad-
der to estimate its position [12]. Similarly, there might be
a causative relationship between the dose to the rectum,
sigmoid [19], individual loops of the small bowel, and
the intestinal bag and gastrointestinal symptoms but the
limited number of gastrointestinal toxicity events made
it impossible to draw any conclusions about the value of
the ICRU rectal point.

Conversely, planning with computed tomography-
assisted brachytherapy can guide individualized treat-
ment of the vagina with better coverage of any tissue
behind the mucosa that is inaccessible by physical exam-
ination or simple x-ray, and predict the dose to OARs,
possibly improving the toxicity profile [20, 21]. Although
the dosimetric differences between ICRU point data and
the maximum doses by volumetric analysis using ultra-
sonography [22] or computerized tomography [23] are
known, no study has demonstrated the superiority of
these image methods over the evaluation of simple or-
thogonal x-ray reference points. To this end, a recently
opened trial (NCT 02091050) is recruiting patients who
have undergone hysterectomy for gynecological neo-
plasms to compare the accuracy of 2D vs. 3D planning
with regard to the ability to predict toxicity.

All patients were homogeneously treated with ad-
juvant brachytherapy, and although lymphadenectomy
was performed at the discretion of the surgeon, 60% of
subjects underwent systematic pelvic lymphadenecto-
my. However, the extent of lymph node resection did
not influence their outcomes, as suggested by the re-
sults of other more powered studies [24, 25]. This rate
of lymphadenectomy, in turn, is more favorable than
the PORTEC-2 trial [8], in which the incidence of pelvic
failure was 3.8% in patients who did not undergo lymph
node resection and were randomized to the no-pelvic ra-
diation treatment arm.

Regarding the oncological results, our study is one
of the largest experiences with HDR BT, using a frac-
tionation of 4 x 6 Gy, and demonstrating equivalent
results with over 97% vaginal control in 3 years, as the
PORTEC-2 trial [8]. Excellent local control for low-risk
endometrial cancer was achieved by Petereit et al. [26],
using 2 insertions of 16.2 Gy each, prescribed to the vag-
inal surface. Similar results have been published, with
over 95% vaginal vault local control in intermediate-risk
cases using 5 fractions of 5.5 Gy [27] and 3 fractions of
7 Gy [28, 29]. Because most local recurrences occur during
the first 2 years of follow-up, our median follow-up time
of 37 months appears to be adequate for evaluating local
recurrences in this retrospective cohort.

Conclusions

A favorable toxicity profile (less than 10% grade 1-2
acute reactions) could not be predicted by the ICRU 38
urinary reference point. The reliability of the ICRU 38
urinary reference point in this setting should be reeval-
uated in future trials. HDR BT alone with 4 fractions of
6 Gy is an adequate fractionation schedule for adjuvant
treatment of intermediate-risk (high or low) stage I endo-
metrial cancer in terms of local control.
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