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Abstract

Aims: Postoperative vaginal vault brachytherapy (VBT) reduces local recurrence in operable endometrial cancer. Radiographer-led delivery of VBT, carried out
without image guidance, was implemented at Addenbrooke’s in 2010 to maximise skills mix and to improve service delivery. The purpose of this study was to
evaluate the safety and effectiveness of this service.
Materials and methods: This was a single-centre retrospective study of endometrial cancer patients treated with postoperative high dose rate VBT � external
beam radiotherapy (EBRT) between January 2010 and December 2016.
Results: In total, 414 patients were analysed: 307 received adjuvant VBT alone and 107 patients received pelvic EBRT followed by VBT. Thirty-seven per cent of
patients receiving VBT alone were high risk according to ESMO-ESGO-ESTRO criteria. After a median follow-up of 59 months (range 2e118), 9/414 (2.2%)
patients had isolated vaginal recurrences, 15/414 (3.6%) had locoregional recurrence (vaginal, pelvic node or both), whereas 62/414 (15%) patients had distant
recurrence. The 5-year actuarial isolated vaginal recurrence rate was 2.3% (VBT alone 2.1%, EBRT þ VBT 3.0%). Grade 3 urinary or bowel toxicity occurred in 2/414
(0.6%) patients treated with EBRT and VBT. None of the patients treated with VBT alone had grade 3 complications.
Conclusion: Radiographer-led delivery of VBT, without the use of image guidance, is a safe and effective service.
� 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Postoperative radiotherapy has been shown to reduce
the risk of local recurrence in operable endometrial cancer
but does not improve survival [1e3]. Radiotherapy can be
delivered as external beam radiotherapy (EBRT) to the
pelvis with or without vaginal vault brachytherapy (VBT), or
as VBT alone. In patients with higheintermediate risk of
recurrence, VBT has been shown to be equivalent to EBRT in
terms of local and locoregional recurrence while causing
significantly less gastrointestinal toxicity [4].

The NHS Cancer Plan [5], published in September 2000,
outlined the Government’s plans for investment and reform
to improve cancer services in England. A key proposal in the
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document was for a four-tier skills mix model for radiog-
raphers, which will lead to a more flexible workforce. At
Addenbrooke’s Hospital (Cambridge, UK), VBT delivery was
chosen as the ideal service to pilot this model.

The Addenbrooke’s radiographer-led VBT service was
implemented in 2007. Initially, assessment and applicator
placement for the first VBT treatment was carried out by an
oncologist; subsequent treatments were carried out by
radiographers independently. Since 2010, the entire service,
including the initial assessment and all treatments, has
been conducted by radiographers without an oncologist
present.

The aim of this study was to evaluate the safety and
effectiveness of exclusively radiographer-led delivery of
VBT without image guidance. To our knowledge, this is the
first series to report clinical outcomes after VBT as adjuvant
treatment for endometrial cancer delivered entirely within
a radiographer-led service.
All rights reserved.
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Materials and Methods

Study Population

This was a single-centre retrospective study of patients
with stage IeIIIC1 endometrial carcinoma receiving adju-
vant high dose rate VBT, delivered entirely by a radiogra-
pher, between 1 January 2010 and 31 December 2016.
Eligible patients were identified from an electronic radio-
therapy database. Patients with IIIC2 disease, carcinosar-
coma or recurrent disease, and those requiring whole
vaginal brachytherapy, were excluded.

All patients were surgically staged according to the 2009
International Federation of Gynaecology and Obstetrics
(FIGO) classification. Routine pelvic lymphadenectomy was
not carried out; however, clinically suspicious pelvic or
para-aortic nodes were removed.

The standard protocol was to offer VBT alone to patients
who met the PORTEC-1 criteria of ‘high risk’, i.e. age �60
years with stage IB grade 1e2 tumours or any patient with
IA grade 3 disease [1]. Patients with stage IB, grade 3, stage
IIeIIIC1 and non-endometrioid histology were offered
adjuvant pelvic EBRT þ VBT (from 2015, only patients with
cervical stromal involvement were offered VBT after EBRT).
Patients with non-endometrioid cancers (serous, clear cell
or mixed) were also offered adjuvant chemotherapy. The
final choice of treatment for each patient was agreed
through shared decision-making.
Radiotherapy

Pelvic EBRT was delivered using a four-field technique
defined on bony landmarks. The standard target volume
extended from the L5/S1 junction superiorly to the lower
border of the pubic symphysis inferiorly. Laterally, the
target volume extended to 1 cm beyond the pelvic brim. The
anterior border of the target volume was mid-pubis sym-
physis, whereas the posterior border was 2e3 cm anterior
to the sacral hollow, with a maximumwidth of about 10 cm.
The total dose was 45 Gy in 1.8 Gy fractions delivered over 5
weeks.

VBT was delivered using a single channel, vaginal cylin-
der applicator. Treatment was delivered using standard
plans, treating the proximal 2 cm of the vaginal vault. The
dosewas 21 Gy in three fractions over 2 weeks for VBTalone
or 7 Gy as a single fraction if given after pelvic EBRT, pre-
scribed to 0.5 cm from the surface of the applicator. The
choice of applicator diameter and length was decided
clinically at the first insertion by vaginal examination and
the use of vaginal sizers. No imaging was undertaken during
the entire process.
Competency Package

An educational package was designed in collaboration
with a higher education institute to provide evidence of
academic knowledge, skills and expert practice at a master’s
degree level. In-house training for vaginal examination and
brachytherapy applicator sizing and insertion was provided
by the oncologist; as part of the training, radiographers
were required to observe five insertions and then to carry
out five insertions under supervision followed by five un-
supervised mentored cases. The scope of practice was
limited to standard treatments only, i.e. adjuvant treat-
ments to the top 2 cm of the vaginal vault.

Initially, the competency package was confined to
advanced and consultant radiographer practice only. In
2012, the programme was extended to include band 7
radiographers, on a rotational placement of 1 year or more,
and responsibility for training and assessment was dele-
gated to the advanced practitioner. Radiographers were
required to update their knowledge and skills annually and
to undertake a refresher if there was a gap in practice of
more than 6 months.

Follow-up

The planned follow-up schedule for patients receiving
VBT alone was every 3 months in year 1 and every 6 months
in years 2 and 3. For patients receiving EBRT þ VBT, the
follow-up was 3 months, 6 months and 12 months. At each
follow-up visit, vaginal and rectal examinations were car-
ried out and toxicity was recorded. Patients were dis-
charged after the planned follow-up but were able to
request a further follow-up if they developed symptoms of
recurrence or toxicity.

All patients were seen at Addenbrooke’s for the first
follow-up visit. Subsequently, patients were either followed
up at our centre or in their regional hospital. Patients with
vaginal recurrences were confirmed by histology and dis-
cussed in the regional specialist gynae-oncology multidis-
ciplinary teammeetings according to network policy. Pelvic
magnetic resonance imaging (MRI) and computed tomog-
raphy of the chest and abdomen were carried out for re-
staging.

Outcomes

The pattern of relapse at the time of first recurrence was
analysed. Treatment failures were classified as vaginal,
locoregional (vaginal, pelvic nodal or both) or distant (sys-
temic and/or para-aortic nodes). Grade 3 bowel or urinary
toxicity was defined retrospectively according to Common
Terminology Criteria for Adverse Events (CTCAE) v3.0.

Statistical Analysis

The primary end point was isolated vaginal recurrence,
defined as recurrence involving the vaginal vault (‘in-field’
recurrence) and/or the lower vagina (‘out-of-field’ recur-
rence)without pelvic node or distantmetastases. The time to
this event was computed using the KaplaneMeier method.
Time intervals were calculated from the date of diagnosis and
were censored at the date of first recurrence or the date of
death (for patients without recurrence). The statistical anal-
ysis was carried out using MedCalc Statistical Software
version 17.0.4 (MedCalc Software, Ostend, Belgium).
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Results

During the study period, 417 patients met the inclusion
criteria. One patient died the day after VBT of an unknown
cause and three patients moved out of the area and were
lost to follow-up. The final analysis was therefore based on
414 patients.

Patient and treatment characteristics are shown in Table
1. In total, 307 patients received adjuvant VBT alone and 107
patients received pelvic EBRT followed by VBT. Fifty-eight
(14%) patients received adjuvant chemotherapy with
either carboplatinepaclitaxel (7%) or single-agent carbo-
platin (6.5%).

Eighty-five per cent of patients treated with VBT alone
had stage I disease (22% IA, 63% IB), whereas 14% had stage II
disease. More than two-thirds of patients receiving EBRT
followed by VBT had stage II (26%) or stage III (44%) disease.

Most of our patients had endometrioid carcinomas (VBT
alone 79%, EBRT þ VBT 64%). Of the patients treated with
VBTalone,11% had serous histology, 3% had clear cell and 7%
had mixed histology. Of the patients treated with pelvic
EBRT and VBT, 17% had serous histology, 3% clear cell and
16% mixed histology.

Patients were retrospectively categorised into four
risk groups (low, intermediate, higheintermediate, high)
Table 1
Patient and treatment characteristics

VBT

Patients 307
Median age (range) 69
FIGO stage IA 68

IB 193
II 43
IIIA 1
IIIB 2
IIIC1

Histology Endometrioid 241
Serous 34
Clear cell 10
Undifferentiated 1
Mixed 21

Grade 1 104
2 97
3 105
Unknown 1

LVSI Absent 193
Present 99
Unspecified 15

Risk group Low 2
Intermediate 110
Higheintermediate 81
High 114

Chemotherapy None 277
Carboplatin 18
Carboplatinepaclitaxel 12
Yes (regimen unknown)
Unknown

EBRT, external beam radiotherapy; LVSI, lymphovascular space invasio
according to ESMO-ESGO-ESTRO consensus guide-
lines [6]. Thirty-seven per cent of the patients receiving
VBT alone were high risk, whereas 62% were
higheintermediate or intermediate risk. By contrast, 94%
of patients receiving EBRT þ VBT were high risk.

After a median follow-up of 59 months (range 2e118
months), isolated vaginal recurrences were seen in 9/414
(2.2%) patients e 6/307 (2.0%) patients receiving VBT alone
and 3/107 (2.8%) patients receiving VBT after EBRT. The 5-
year actuarial isolated vaginal recurrence rate was 2.3%
(VBT alone 2.1%, EBRT þ VBT 3.0%).

Table 2 shows the patterns of recurrence after VBT alone
and EBRT þ VBT. Locoregional recurrences were seen in 11/
307 (3.6%) patients after VBT and in 4/107 (3.7%) patients
after EBRT þ VBT. Distant metastases occurred in 36/307
(12%) patients after VBT and in 26/107 (24%) patients after
EBRT þ VBT.

Patient and treatment characteristics of the patients with
isolated vaginal recurrence are shown in Table 3. The me-
dian time to recurrence was 14 months (range 9e27
months). Of the six patients who had a vaginal recurrence
after VBT alone, two patients had successful salvage treat-
ment e one patient was treated with radical whole vagina
brachytherapy and the other was treated with progesterone
therapy followed by EBRT. Of the three patients with vaginal
n (%) EBRT þ VBT n (%)

107
(42e94) 64 (29e79)
(22) 16 (15)
(63) 17 (16)
(14) 28 (26)
(0.3) 18 (17)
(0.7) 22 (21)

6 (6)
(79) 68 (64)
(11) 18 (17)
(3) 3 (3)
(0.3) 1 (1)
(7) 17 (16)
(34) 18 (17)
(32) 25 (23)
(34) 64 (60)
(0.3) 0
(63) 47 (44)
(32) 55 (51)
(5) 5 (5)
(1)
(36) 2 (2)
(26) 4 (4)
(37) 101 (94)
(90) 79 (74)
(6) 9 (8)
(4) 17 (16)

1 (1)
1 (1)

n; VBT, vaginal vault brachytherapy.



Table 2
Patterns of recurrence

Recurrence VBT EBRT þ VBT Total

(n ¼ 307) n (%) (n ¼ 107) n (%) (n ¼ 414) n (%)

Vaginal Vaginal vault (‘in-field’) 4 (1.3) 4 (1.0)
Lower vagina (‘out-of-field’) 1 (0.3) 3 (2.8) 4 (1.0)
Both 1 (0.3) 1 (0.2)
Total 6 (2.0) 3 (2.8) 9 (2.2)

Locoregional Vaginal 6 (2.0) 3 (2.8) 9 (2.2)
Pelvic nodal 4 (1.3) 1 (0.9) 5 (1.2)
Pelvic nodal and vaginal 1 (0.3) 1 (0.2)
Total 11 (3.6) 4 (3.7) 15 (3.6)

Distant Distant 15 (4.9) 21 (19.6) 36 (8.7)
Distant and vaginal 5 (1.6) 1 (0.9) 6 (1.4)
Distant and pelvic nodal 3 (1.0) 3 (0.7)
Distant, pelvic nodal and vaginal 2 (0.7) 2 (0.5)
Total 36 (12) 26 (24) 62 (15)

EBRT, external beam radiotherapy; VBT, vaginal vault brachytherapy.

Table 3
Patient and treatment characteristics of patients with isolated vaginal recurrence

Age Histology FIGO
stage

Grade LVSI Risk group Treatment Chemotherapy Vaginal
recurrence

Time to recurrence
(months)

71 Endometrioid IB 2 Negative Intermediate VBT alone No Out-of-field 13
78 Endometrioid IB 1 Unknown Intermediate VBT alone No In-field 13
79 Endometrioid IB 2 Unknown Intermediate VBT alone No In-field 21
62 Endometrioid IA 3 Negative Higheintermediate VBT alone No In-field 22
82 Endometrioid IB 2 Positive Higheintermediate VBT alone No Both 14
82 Serous II 3 Negative High VBT alone Carboplatin In-field 27
65 Endometrioid II 3 Positive High EBRT þ VBT No Out-of-field 9
59 Endometrioid IIIB 1 Negative High EBRT þ VBT No Out-of-field 23
68 Endometrioid IIIB 3 Positive High EBRT þ VBT No Out-of-field 12

EBRT, external beam radiotherapy; LVSI, lymphovascular space invasion; VBT, vaginal vault brachytherapy.
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recurrence after EBRTþ VBT, two patients were successfully
salvaged with progesterone therapy followed by radical
whole vagina brachytherapy. The remaining five patients
were either not fit for radical salvage treatment at the time
of recurrence or eventually succumbed to metastatic
disease.

After EBRT þ VBT, one patient developed grade 3 urinary
toxicity and another developed grade 3 bowel toxicity (the
latter had previously had multiple surgeries, including
surgery for obstruction secondary to adhesions). No grade 3
bowel or urinary toxicity was observed in patients treated
with VBT alone.
Discussion

Our study has shown that adjuvant VBT for endometrial
cancer delivered within an exclusively radiographer-led
service is safe and effective. At a median follow-up of 59
months, the 5-year isolated vaginal recurrence rate was
2.3% in patients receiving VBT � EBRT (VBT alone 2.1%,
EBRT þ VBT 3.0%).

The PORTEC-2 trial [4,7] randomised patients with
higheintermediate risk endometrial cancer to receive
either VBT or EBRT. Higheintermediate risk was defined as
age>60 years with disease equivalent to FIGO 2009 stage IB
grade 1 or 2 or stage IA grade 3. At a median follow-up of
116 months, the 5- and 10-year isolated vaginal recurrence
rate was 2.4% and 3.4% for VBT versus 1.9% and 2.4% for
EBRT� VBT [7]. This is comparable with the isolated vaginal
recurrence rate in our series despite the inclusion of higher
risk patients than PORTEC-2 (grade 3 with deep myometrial
invasion, cervical stromal involvement, stage III disease,
non-endometrioid histology).

Thirty-seven per cent of our patients receiving VBT alone
would have been classified as high risk according to the
ESMO-ESGO-ESTRO guidelines [6]. According to the
consensus recommendations, these patients should have
received pelvic EBRT as they did not undergo staging lym-
phadenectomy, but the final choice of treatment was made
by the patient. Of interest, only one of the six patients with
isolated vaginal relapse after VBT was in the high risk
category. Other groups [8,9] have also reported low vaginal
recurrence rates (1.9e3%) after VBT alone for high risk stage
I patients, suggesting that this may be a reasonable option
to discuss as part of the shared decision-making process.

Only two patients in our series had late grade 3 bowel or
urinary toxicity, both of whom had received pelvic EBRT.
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Although severe toxicity after VBT alone in published series
is low (0e5%) [10], data from the PORTEC-2 quality of life
analysis [11] has nevertheless shown a long-term adverse
effect on sexual functioning compared with the normal
population. We did not collect data on late vaginal toxicity
in this analysis, as a significant proportion of the patients
were followed up elsewhere in the network.

The treated length in our centre is 2 cm, which is shorter
than in PORTEC-2 (proximal half of the vagina) [4]. A
comprehensive review of adjuvant VBT for early stage
endometrial cancer by the American Brachytherapy Society
(ABS) [10] reported that most commonly, dose is prescribed
to the proximal 3e5 cm or the proximal one-third to half of
the vagina, but there is considerable variation from the
proximal 1e10 cm (the ABS recommends treating the
proximal 3e5 cm of the vagina [12]). Despite this, only 4/
414 (0.9%) patients in our series developed out-of-field re-
currences in the lower vagina, suggesting that treating the
proximal 2 cm alone is probably sufficient and may result in
less vaginal morbidity.

Our current practice is for trained radiographers to size
and place vaginal applicators and to deliver treatment using
a standard plan without image guidance. Over the last
decade, a number of dosimetric studies have led to
increasing use of image guidance for postoperative VBT. An
ABS survey in 2014 [13] revealed that 83% of clinicians in the
USA used image guidance for VBT treatments.

One of the main arguments for image guidance is the
detection of air gaps between the vaginal cylinder and the
vaginal mucosa, which may lower the dose delivered to the
vaginal mucosa, leading to an increased risk of recurrence. A
study of 25 patients that used computed tomography im-
aging before each brachytherapy insertion [14] found air
gaps in 80% of patients, resulting in an average dose
reduction to the vaginal mucosa of 27% (range 9e58%),
although less than a quarter of the air gaps occurred in the
vaginal apex/treated volume. In 40% of patients there were
no air gaps at the first fraction, but air gaps developed in
subsequent fractions. The authors therefore recommended
pelvic computed tomography before each fraction.

Another study using computed tomography imaging [15]
reported that although air gaps were found in 32% of pa-
tients, they were more frequently seen in the distal vagina
rather than in the treated volume. In this study, the median
dose received by the vaginal mucosa at 5mmwas still 99.6%
(range 96e100%). Nevertheless, the authors advocated im-
aging before the first fraction.

More recently, MRI-guided VBT has been adopted by
some centres in view of the superior soft tissue contrast
compared with computed tomography. One study of MRI-
guided VBT reported air gaps in 48% of patients, resulting
in 75% of patients in this study receiving <50% dose to the
vaginal cuff [16].

The solution for air gaps identified on imaging remains
uncertain. Although applicator repositioning and replace-
ment has been suggested [15], with careful assessment of
vaginal size and applicator selection, the largest applicator
that can be tolerated by the patient should have been
chosen from the outset. Customised applicators [14],
customised plans [17] and longer dwell times [16] have also
been suggested as potential solutions to air gaps. However,
there is uncertainty about the clinical significance of air
gaps present at the time of VBT as none of the studies
reporting dosimetric variation have correlated this with
clinical outcome.

Image guidance increases the treatment process time,
the need for clinician and physicist input for
individual treatments and, in the case of computed to-
mography guidance, exposure to ionising radiation. In this
age of value-based healthcare, the low vaginal recurrence
rate and minimal toxicity after VBT at our centre and in the
published literature should call into question the benefit of
image guidance.

The limitations of this study include the fact that it was a
single-centre experience and was retrospective in nature.
Patients are referred from across the cancer network for
treatment at our tertiary centre and are then discharged
back to their local centre for follow-up. An assumption has
been made that all recurrences occurring in patients
receiving follow-up within our cancer network have been
discussed at the specialist multidisciplinary team meeting
according to network protocol. There are also limitations to
the quality of toxicity data collected retrospectively and we
were not able to evaluate the incidence of vaginal toxicity.
Similarly, we have not collected patient-reported outcomes,
which may not reflect clinician-assessed toxicity or quality
of life data.
Conclusions

Radiographer-led delivery of VBT without the use of
image guidance results in excellent local control rates as
adjuvant therapy for endometrial cancer. Late bowel and
urinary toxicity is minimal and, in this series, was only seen
after EBRT þ VBT. With radiotherapy services facing a sig-
nificant challenge in workforce shortages, the imple-
mentation of a radiographer-led VBT service has maximised
the use of skills mix within our department and provided
opportunities for radiographers to develop new, extended
and advanced practice roles.
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