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Purpose: Representatives from the Gynecologic Groupe European de Curietherapie—European Society for Radiation Therapy
and Oncology (GYN GEC-ESTRO), the American Brachytherapy Society (ABS), and the Canadian Brachytherapy Group
(CBG) met to develop international consensus recommendations for target definitions for image-guided adaptive brachyther-
apy for vaginal recurrences of endometrial or cervical cancer.

Methods and Materials: Seventeen radiation oncologists and 2 medical physicists participated. Before an in-person meeting
each participant anonymously contoured 3 recurrent endometrial/cervical cancer cases. Participants contoured the residual
gross primary tumor volume (GTV-T,.), a high-risk clinical target volume (CTV-Tyg), and an intermediate-risk clinical target
volume (CTV-Tig), on T2-weighted magnetic resonance images (MRIs). All contours were drawn using Falcon EduCase. Con-
tours were reviewed at an in-person meeting during which a consensus document was created defining agreed-upon target def-
initions (Trial 1). After establishing these definitions, the group was sent one of the cases again (recurrent cervical cancer
vaginal recurrence) and asked to contour the targets again (Trial 2).

The Computerized Environment for Radiation Research (CERR) software (The Mathworks, Natwick, MA) was used to analyze
the contours. Kappa statistics were generated to assess level of agreement between contours. A conformity index (CI), defined
as the ratio between the intersection and union volume of a given pair of contours, was calculated. A simultaneous truth and
performance level estimation (STAPLE) contour was created for the CTV-Tyg and CTV-Ty for the postmeeting case.
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Results: Consensus definitions for GTV-T e, CTV-Tyg, and CTV-Tg were established. Kappa statistics (Trial 1/Trial 2) for
GTV-T,es, CTV-Tyg, and CTV-Tir were 0.536/0.583, 0.575/0.743 and 0.522/0.707. Kappa statistics for Trial 2 for the CTV-
Tyr and CTV-Tg showed “substantial” agreement while the GTV-T,., remained at moderate agreement.
Conclusions: This consensus provides recommendations to facilitate future collaborations for MRI-guided adaptive brachy-
therapy target definitions in endometrial/cervical vaginal recurrences. © 2022 Elsevier Inc. All rights reserved.

Introduction

Vaginal recurrences from endometrial or cervical cancer
pose clinical challenges. Endometrial cancer recurrences
commonly arise in the posthysterectomy surgical scar, but
may additionally develop at other sites in the vaginal wall.'”
Multifocal spread can also be observed in patients with
extensive lymph vascular space involvement (LVSI) or more
aggressive histologies (eg, serous cancer).” Prognosis is
related to the original risk-group classification, with the
low-grade endometrioid type having a favorable prognosis
compared with high-grade or nonendometrioid tumors.’
More recent data suggest molecular risk factors, such as p53
or mismatch repair deficient (MMRd), should also be con-
sidered.” For cervical cancer, central recurrences are
observed after radical hysterectomy with risk factors for
recurrence including size of the primary tumor, depth of
invasion, presence of LVSI, and nonsquamous histologies.””
Finally, a unique challenge in these cases is the complexities
of reirradiation for recurrences in women who received pre-
vious radiation therapy as part of the initial adjuvant man-
agement of their primary tumor.”

Clinical management of these recurrences can be challeng-
ing, as their location in the central pelvis can result in signifi-
cant symptoms and treatment-related morbidities. Surgery is
an option but often entails an exenteration procedure to
completely resect disease, with associated significant morbid-
ity. Therefore, organ-preserving approaches with external
radiation and brachytherapy play important roles in the treat-
ment of these tumors. The availability of modern computed
tomography/magnetic resonance imaging (CT/MRI)-compat-
ible brachytherapy applicators has enabled the implementa-
tion of volumetric (3-dimensional) image-guided adaptive
brachytherapy (IGABT). In particular, multicatheter intracavi-
tary (eg, multichannel cylinder) and combined interstitial-
intracavitary techniques have allowed improved target cover-
age and organ at risk sparing in cases of asymmetrical lateral-
ized and complex anatomic target volumes.

Although significant guidance regarding brachytherapy
target volume definition for cervical and primary vaginal can-
cer has been published, similar guidance is not available for
recurrent endometrial/cervical vaginal lesions. For locally
advanced cervical cancer, IGABT is the current standard of
care, and the cancer cell density-based adaptive target concept
developed by the Gynecologic Groupe Européen de Curi-
ethérapie—European Society for Radiation Therapy and
Oncology (GYN GEC-ESTRO) has been endorsed in the
recent International Commission on Radiological Units and
Measurements’ (ICRU’s) ICRU-89 report.” Only recently was

an IGABT target concept for primary vaginal cancer pub-
lished."” When reviewing the details of published image-
guided brachytherapy series for primary vaginal cancer and
recurrent endometrial/cervical vaginal tumors, often the exact
target volume definition is not clear and there is wide varia-
tion in those that are available (Table E1 and Table E2).!'*
Compared with the treatment of locally advanced cervical
cancer, in which the high-risk clinical target volume always
includes at minimum the entire cervix, in vaginal cancer only
the residual gross tumor volume and surrounding pathologic
tissue are included in the high dose volume, while more varia-
tion exists regarding the intermediate dose volume. This is
related to the increased morbidity that comes with treating
the entire vagina, especially toward the lower third. Another
specific consideration that varies from cervical cancer is there
are rare cases in which a patient has a complete clinical and
radiographic response after initial external beam radiation
therapy (EBRT) of a small superficial tumor. Defining a target
volume in these cases presents a challenge. Furthermore, there
are some differences between primary vaginal and recurrent
endometrial/cervical vaginal lesions. These include histologies
with varying natural histories and related patterns of infiltra-
tion and spread (ie, clear cell, serous cancer), more distal
recurrences for patients with endometrial cancer who have
histories of lymphovascular invasion in their primary tumor,
plaque-like or multifocal recurrences, and posthysterectomy
anatomic issues related to the surgical scar and bowel sitting
superior to the vaginal cuff.”’

Given the variability in target volume definition in the
limited published literature, and the specific considerations
that should be considered for vaginal recurrences compared
with primary vaginal cancer, an international effort was
made to develop consensus brachytherapy target recom-
mendations. Representative members from GEC-ESTRO,
the American Brachytherapy Society (ABS), and the Cana-
dian Brachytherapy Group (CBG) convened to establish
recommendations for defining IGABT clinical target vol-
umes at the time of brachytherapy for recurrent endome-
trial/cervical cancers in the vagina.

Methods

Representatives (17 radiation oncologists and 2 medical physi-
cists) from Gynecologic GEC-ESTRO, ABS, and CBG partici-
pated. Before an in-person meeting, each participant was asked
to complete a document describing their institutional practice
for contouring and dose recommendations for recurrences
of endometrial/cervical cancer in the vagina, including
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reirradiation, and to anonymously contour 3 recurrent endome-
trial/cervical cancer cases. For each of these cases, participants
were asked to contour the residual gross primary tumor volume
(GTV-T,e), a high-risk clinical target volume (CTV-Tyg), an
intermediate-risk clinical target volume (CTV-Tig), and vagina
on T2-weighted MRI images. All contours were drawn using
software from Falcon EduCase. An in-person 2-day meeting
was convened in 2019 before the annual American Brachyther-
apy Society Meeting. At this meeting, basic concepts regarding
target definition and treatment of vaginal recurrence were dis-
cussed and participants’ institutional practices and contours
were reviewed (Trial 1). After this meeting, a document was cre-
ated defining the agreed-upon target definitions and circulated
to the group for additional comments in October 2020. After
this set of revisions, the group was re-sent one of the cases and
asked to recontour targets (GTV-T,, CTV-Tyg, CTV-Tig, and
vagina) based on the agreed-upon definitions (Trial 2). The par-
ticipants did not have access to their old contours for the recon-
touring exercise. The case that was sent to the group to
recontour was a 54-year-old woman diagnosed with an Interna-
tional Federation of Gynecology and Obstetrics (FIGO) IB1 cer-
vical cancer in 2000 treated definitively with surgery (Fig. 1).
She had no indications for adjuvant treatment and subsequently
developed a biopsy-proven vaginal recurrence in 2018. On MRI
she was noted to have a tumor at the vaginal apex in close prox-
imity to the urethra. It measured 32 x 41 x 32 mm. It was in

close contact with the bladder and at least partially obstructed
the left ureter. She was treated with EBRT with concurrent
weekly cisplatin to 45 Gy. A repeat MRI, with a Venezia applica-
tor in place for brachytherapy boost, showed a residual tumor
measuring 14 x 16 x 14 mm.

The Computerized Environment for Radiation Research
(CERR) software (The Mathworks, Natwick, Massachusetts)
was used to analyze the contours. Kappa statistics were gener-
ated to assess the level of agreement between contours. Based
on the work from Landis and Kock, interpretation of kappa
values is as follows: 0.0 to 0.2 slight agreement, 0.21 to 0.40
fair agreement, 0.41 to 0.60 moderate agreement, 0.61 to 0.80
substantial agreement, and 0.81 to 1.0 almost perfect or perfect
agreement.”* Conformity index (CI), the ratio between the
intersection (largest volume common to a pair of contours)
and unjon (smallest volume encompassed by a pair of con-
tours) volume of a given pair of contours, was also calcu-
lated.”” A low CI indicates poor agreement and a CI of 1 is
perfect agreement. A simultaneous truth and performance
level estimation (STAPLE) contour was created for CTV-Tyg
and CTV-Ty for the postmeeting contouring case as well as
sensitivity and specificity statistics.”® The probability that a
voxel in the individual expert contour is in the STAPLE con-
tour is represented by sensitivity and the probability that a
voxel outside the STAPLE contour is also outside of the expert
contour is represented by the specificity.

Figure 1.

MRI images at time of initial recurrence in Panel 1 (A —axial, B-sagittal, C-coronal) and at the time of brachyther-

apy in Panel 2 (A- axial, B-sagittal, C-coronal). Residual tumor measurements noted on bottom panel A. Additional details of
the case are described in the methods section of the manuscript. Of note, a rectal tube can be seen most clearly on the sagittal

image in Panel 2.
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Before initializing the guidelines, the committees of the
societies involved (GEC-ESTRO, ABS, and CBG) agreed on
the methodology and representatives. For GEC-ESTRO, the
Advisory Committee for Radiation Oncology Practice
approval process and procedures were followed. The final
draft was again reviewed by the committees of the societies.

Results

Contouring analysis

For the contouring exercise before the consensus meeting,
there was “moderate” agreement among participants using

MRI with no
contours

Initial
contours

(Trial 1)

Recontour

(Trial 2)

STAPLE
contour

Figure 2.

Landis and Koch’s benchmarks, with Kappa values of 0.536,
0.575, and 0.522 for the GTV-T,e, CTV-Tyg, and CTV-Trg,
respectively (Table E3). Postconsensus meeting, the Kappa
values showed “substantial” agreement of 0.743 for CTV-Tygr
and 0.707 for CTV-Tr. The Kappa value for the GTV-T
remained at moderate agreement of 0.583. Consensus con-
tours were generated using the STAPLE based on an 80% con-
fidence level for GTV-T s, CTV-Tyg, and CTV-Tyg (Fig. 2).
The CI improved between Trial 1 and 2 for the GTV-T,,
CTV-Tyg, and CTV-Tyg as well. However, after Trial 2 the CI
for these targets ranged from 0.390 to 0.508. For the vagina
contour the kappa improved between Trial 1 and 2; however,
after Trial 2 there was still only fair agreement (0.354).

Example of development of consensus contours for GTV-Tres, CTV-THR, and CTV-TIR. A representative axial

slice is presented with no contours, initial contours (Trial 1), recontours (Trial 2), and STAPLE contour based on Trial 2 data.
The case was a 54-year-old woman diagnosed with a FIGO IB1 cervical cancer treated definitively with surgery and no adju-
vant treatment. She developed a biopsy proven vaginal recurrence 8 years later. On MRI she was noted to have a tumor at the
vaginal apex. It measured 32 x 41 x 32 mm. She was treated with external beam radiation therapy with concurrent weekly cis-
platin to 45 Gy. A repeat MRI, with an applicator in place for brachytherapy boost, showed a residual tumor measuring

14 x 16 x 14 mm.
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Brachytherapy target concept

The basic underlying brachytherapy target concept princi-
ples were derived from the GYN GEC-ESTRO target volume
concepts put forward for definitive treatment for cervical
cancer. This adaptive target concept is based on different
response-related target volumes, related to expected cancer
cell density and routes of microscopic tumor extension.
This concept was updated in the ICRU 89 report to illustrate
the adaptive clinical target volume (CTV) concept based on
GTV response (Fig. 3). Clinical drawings were recently
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Adaptive target volume concepts for the high and intermediate risk clinical target volumes

developed for primary vaginal cancer, including drawing
templates for patients with the uterus in situ or posthyster-
ectomy, and cross-sectional templates, with axial representa-
tion for lesions located in the upper 1/3, middle 1/3, and
lower 1/3 of the vagina.'” These clinical drawings should be
used to document the original extent of disease at diagnosis
and the residual disease at the time of brachytherapy.
Another tool that can be helpful in defining the extent of
disease is placing marker seeds at the superior-, inferior-,
and lateral-most extents of the palpable tumor, which may
be larger than the radiographic extent of disease.

Disease at time of brachytherapy

Partial response

o
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Residual gross tumor volume (GTV-T,s)

After an initial course of external beam radiation, most
patients will have shrinkage of the initial gross tumor vol-
ume (GTV-T,;) with some residual disease. The macro-
scopic gross tumor that remains at the time of
brachytherapy, based on clinical examination and imaging,
is considered the GTV-T,e. The GTV-T, shares similar
clinical and imaging characteristics with the GTV-Tiy.
Clinically this is the remaining visible and palpable tumor
on gynecologic examination. On imaging, this is visualized
on T2-weighted MRI and includes the remaining mass with
hyperintense to isointense signal intensity (Fig. 4).

High-risk clinical target tumor volume (CTV-TyR)

The CTV-Tyg includes the GTV-T,. and areas on imaging
and/or clinical examination that are concerning for harbor-
ing macroscopic pathologic disease. CTV-Tyy includes dif-
ferent clinical and imaging characteristics compared with
GTV-T,. On clinical examination this includes any abnor-
mal thickened or irregular vaginal mucosa/wall within the
initial tumor extent (Fig. 4, Table 1). On imaging, T2-
weighted MRI imaging abnormalities of thickened or
deformed vaginal walls have a more hypointense fibrotic
appearance and should be included.

In cases where tumors infiltrated the paravaginal or para-
metrial space at the time of diagnosis, but show regression
during external beam radiation, these areas may appear as
“gray zones” with intermediate T2 signal and should also be
included in the CTV-Tyy target volume.

Intermediate-risk clinical target tumor volume
(CTV-T\R)

The CTV-Tir includes all potentially significant microscopic
disease adjacent to the CTV-Tyg. This safety margin should
be taken in the anatomic direction of microscopic spread. For
the vagina, this is in the direction of the surrounding vaginal
wall and the paravaginal space. CTV-Tiz should minimally
include the area of the initial extent of disease at the time of
diagnosis (GTV-Ti,;) and encompass a minimal safety mar-
gin of 0.5 cm added to the CTV-Tyg (Fig. 4, Table 1). When
including the original extent of disease at diagnosis or apply-
ing the 0.5 cm safety margin in tissue, this expansion should
be limited by the previously unaffected anatomic borders (eg,
pubic bone, pelvic wall, pelvic floor musculature, bladder, ure-
thra, mesorectal fascia, rectum, and anal sphincter). In cases
where the GTV-Tj,; extends into surrounding organs and
after EBRT there are no signs of macroscopic involvement of
the organ wall, the previously affected organ wall should be
included in the CTV-Tip.

In high-risk histologies (eg, serous cancer), known exten-
sive LVSI, or multifocality, it can be argued that the pattern
of infiltration and spread and related margin required to

encompass tissue at risk of significant microscopic disease
should be more than 0.5 cm. In these cases, one can consider
adding a larger safety margin along the vaginal wall in the
craniocaudal and circumferential directions. However, the
expert panel could not find meaningful data to give exact
evidence-based margin expansion recommendations for
these specific cases at this time. It is important, however, to
exclude the introitus and vulva whenever possible, as these
regions can be more susceptible to necrosis.

Vagina outside of CTV-Tyy

The vagina is a target volume as well as an organ at risk
(OAR). In the majority of cases, most of the vagina is
included in the external beam target volume. However, at
the time of brachytherapy, normal-appearing vagina outside
of the brachytherapy target volume is regarded as an OAR.
This has implications for dose reporting and provides
opportunity for dose organ avoidance. Contouring the
vagina outside of the CTV-Tyg gives a more consistent vagi-
nal volume than contouring the vagina outside of CTV-Tg
(Fig. 4, Table 1). Thus, for delineation and reporting pur-
poses, the normal-appearing vagina outside of the CTV-
Tyr is regarded as most reproducible.

Special considerations

Complete response

In the rare case of a complete response to EBRT both on
imaging and clinical examination, a CTV-Tyg cannot be
delineated and only a CTV-Tig can be contoured. This
should include the initial extent of disease in the superior
and inferior directions and the full thickness of the vaginal
wall (Fig. 4). Generally, a lower dose might be prescribed in
cases with a complete response. There is no consensus
regarding whether the dose should be prescribed to the vagi-
nal surface or to the full thickness of the vaginal wall. The
purpose of defining the CTV-Tir volume is not to specify
where the dose should be prescribed but only to serve as a
means of being able to have a standard target volume defini-
tion and related dose reporting so that outcomes can later
be compared.

Discussion

There are multiple small institutional series demonstrating
favorable local control and acceptable toxicities using
IGABT in the management of vaginal recurrences of endo-
metrial and cervical cancers. Although local control is typi-
cally in the 80% to 90% range, there is wide variation in
disease-free and overall survival.'"'** This reflects the het-
erogeneity of patients included in these studies, as well as
the variation in dose specification, treatment volumes, and
total dose, suggesting a need for more robust and consistent
approaches. Improving outcomes for these patients presents
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Table1 Summary of consensus target definitions

Target

Definition

Comments

Residual gross tumor
volume (GTV-T,)

High-risk clinical target
tumor volume (CTV-Tygr)

Intermediate-risk clinical
target tumor volume
(CTV-Tr)

Vagina

Macroscopic gross tumor that remains at the
time of brachytherapy as documented by
clinical examination and/or imaging

Includes the GTV-T s and areas on imaging
and/or clinical examination that are
concerning for harboring macroscopic
pathologic disease. On clinical examination
this should include any abnormal thickened
or irregular fibrotic vaginal mucosa/wall
within the initial tumor extent.

This should include at a minimum the initial
extent of disease at the time of diagnosis
(GTV-Ti,;), and should encompass a
minimal safety margin of 0.5 cm added to
the CTV-Tyg.

In cases of high-risk histologies (eg, serous
cancer) known extensive LVSI, or
multifocality, one can consider adding a
larger margin along the vaginal wall in the

craniocaudal and circumferential directions.
In the case of a complete response to external
beam radiation both on imaging and clinical
examination, only a CTV-Ty, is defined. This

would include the original extent of disease

in the superior and inferior direction and the

full thickness of the vaginal wall to 0.5 cm
tissue depth.

The CTV-Tyg should be excluded from the
vaginal contour.

*Has similar clinical and imaging
characteristics as the initial GTV at
diagnosis;
on T2-weighted MRI this is the remaining
mass with hyperintense to isointense signal
intensity.

Has different clinical and imaging
characteristics compared with GTV-T.
On T2-weighted MRI pathologic
abnormalities of thickened or deformed
vaginal walls have a more hypointense
fibrotic appearance and should also be
included.

In cases where tumors infiltrated the
paravaginal or parametrial space at the
time of diagnosis, after some regression
during external beam radiation these areas
may appear as “gray zones” and should also
be included in the CTV-Typ target volume.

When including the original extent of disease
at diagnosis or applying the minimal
0.5 cm safety margin in tissue, this
expansion should be limited by the
previously unaffected anatomic borders
(eg, pubic bone, pelvic wall, pelvic floor
musculature, bladder, urethra, mesorectal
fascia, rectum, and anal sphincter).

The normal-appearing vagina outside of the
brachytherapy target volume is regarded as
an organ at risk volume. For delineation
and reporting purposes, the normal-
appearing vagina outside of the CTV-Tyg
is regarded most reproducible.

nance imaging.

Abbreviations: CTV-Tyg = high-risk clinical target volume; CTV-Tg = intermediate-risk clinical target volume; GTV = gross tumor volume; GTV-
Tinie = initial gross tumor volume; GTV-T,., = residual gross primary tumor volume; LVSI = lymph vascular space involvement; MRI = magnetic reso-

" It is the responsibility of the radiation oncologist to define a composite volume that considers findings from clinical and imaging examinations, that by

themselves may yield different volumes.

some challenges. Published image-guided brachytherapy
studies include small numbers of patients and are mostly
retrospective. To make progress, multi-institutional collabo-
ration will be needed to pool cases for more meaningfully
sized patient cohorts. The work from the EMBRACE group
in locally advanced cervical cancer provides precedent for
this type of model leading to practice-defining results.”’

In order for an EMBRACE-like effort to be successful for
endometrial/cervical vaginal recurrences, there needs to be
agreement on target definitions and reporting standards to
facilitate data sharing and analysis. Some work has been
done to establish consensus in this area. The ABS conducted
a survey of variation in practices and target concepts for
brachytherapy in recurrent endometrial cancers in the
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vagina but no consensus on target definition was reached.*
The CBG developed consensus concepts on vaginal tumor
target definitions and conducted a contouring study to eval-
uate contouring consistency.”” GEC-ESTRO published tar-
get concept recommendations for primary vaginal cancer
but not for recurrent endometrial/cervical vaginal tumors."’
Finally, a review of published image-guided brachytherapy
data for recurrent endometrial/cervical cancer demonstrates
a wide range of brachytherapy target definitions (Table 2).
To develop international consensus recommendations,
members from GEC-ESTRO, ABS, and CBG agreed to col-
laborate to develop such consensus definitions.

At our initial meeting, there were significant variations in
institutional practice resulting in variation in contours
between participants. For example, when defining the CTV-
Tyr in cases with well-lateralized disease, some participants
included the entire circumference of the vagina while others
only contoured the involved area as the high-risk target vol-
ume. For the CTV-Tir there was even more variation, with
some using a standard margin expansion on the CTV-Typg,
some including only the original extent of disease, and others
contouring varying lengths of vagina outside of the CTV-Tyg.
It was also apparent that there were uncertainties in interpret-
ing the provided clinical case descriptions, clinical drawings,
and MRI imaging. Trying to define the CTV-Tyg when incor-
porating the MRI findings with the clinical examination find-
ings was often challenging. This was also true when trying to
define the original extent of disease in cases where there was
significant regression of the tumor after EBRT. Ultimately, the
agreed-upon target definitions were very similar to those
recently proposed by GEC-ESTRO for primary vaginal cancer,
which are built on the concepts published in ICRU-89. There
were, however, differences between the 2, including considera-
tions around high-risk endometrial cancer histologies, multi-
focal disease, and LVSL

Using the target volume consensus definitions, we saw
improved agreement between participants after recontour-
ing using the Kappa statistic. There were larger gains in
agreement with the CTV-Tyg and CTV-Tjg compared with
the GTV-T,e. There were similarly larger improvements in
the CI for the CTV-Tyr and CTV-Tig compared with the
GTV-T,e. We used kappa and the CI because they have pre-
viously been used in other gynecologic contouring studies.
In a study by Viswanathan et al of 3 definitive cervical can-
cer cases in which the HR CTV was contoured on MRI, the
kappa values ranged from 0.64 to 0.67 and the CI from 0.38
to 0.48.° In another multi-institutional study of MRI-
guided adaptive brachytherapy of cervical cancer, the CI for
the HR CTV, IR CTV, and GTV were 0.76, 0.77, and 0.59,
respectively.”' Finally, a recent NRG study of contours in
the postoperative setting for gynecologic cancers reported
kappa values for the common iliac, external iliac, para-aor-
tic, internal iliac, and vaginal cuff regions as 0.64, 0.60, 0.58,
0.52, and 0.47, respectively.”” These results suggest that our
results are in line with those of other gynecologic contouring
studies. Also, the greater improvements in CTV-Tyr and
CTV-Tr relative to the GTV-T,, may be related to

challenges in defining disease once there’s been significant
tumor regression after EBRT and deformation from the vag-
inal applicator.

Although we made progress in agreeing on target volume
definitions, there are a number of outstanding issues that
were felt to be beyond the scope of this first consensus meet-
ing. We recognize that not all practitioners are able to do
MRI-based brachytherapy planning. There will be differen-
ces in defining the CTV-Tyr on MRI and CT given the dif-
ferences in soft-tissue definition between the 2 modalities,
with CT often overestimating the extent of residual disease.
It was discussed that apart from contrast enhancement, CT
could benefit from supplementary information through
sonography and/or fiducial markers, in addition to the clini-
cal findings. The proposed CTV-Tiy is a concept adapted
from ICRU 89 for cervical cancer. It is meant to encompass
areas thought to contain significant microscopic disease out-
side of the CTV-Tyg at the time of brachytherapy, and that
require sufficient (intermediate) dose in addition to the elec-
tive dose for presumed microscopic disease at diagnosis.
Approaches to create a CTV-Ty include a variable margin
around the CTV-Tyg (5-15 mm) and/or some combination
of encompassing the original extent of disease with a mar-
gin. The expansion of the CTV-Tg should be confined by
previously unaffected anatomic borders. In the vagina, an
expansion of 10 to 15 mm would be quite large and extend
far into the bladder/rectum. The suggestion of a minimum
5 mm expansion is based on clinical experience and is con-
sistent with the primary vaginal guidelines. However, the
selection of 5 mm is not based on data showing that all sig-
nificant microscopic disease is always within 5 mm of the
HR CTV, and therefore may be enlarged in high-risk histol-
ogies with a presumed pattern of infiltration and/or expan-
sion with a risk of significant microscopic tumor extending
further. There is no way of knowing exactly what this mar-
gin should be, as it would require patients to get 45 Gy of
EBRT and then to have radical surgery and review the final
pathology. A 5-mm margin does, however, typically ensure
that the entire thickness of the vagina will be included in the
IR CTV volume. Most importantly, these consensus guide-
lines will offer standardization to allow future evaluation of
this target concept in relation to tumor control and morbid-
ity in sufficiently large data sets.

The IR CTV is not to be used as a prescription point but
rather as a standardized target volume so that dose to this
structure can be compared between institutions to deter-
mine how dose correlates with clinical outcomes. There was
general agreement that rare patients with a complete
response can be treated with lower doses than those with
residual disease, but there are not enough published data to
provide evidence-based recommendations on this. In the
case of a complete response, there were also differences in
opinions regarding whether the dose should be prescribed
to the vaginal surface or to a depth (ie, fixed depth of 0.5
cm). This is a critical distinction because a dose, for exam-
ple, of 7 Gy prescribed to 0.5 cm depth results in a vaginal
surface dose of about 10.5 Gy. However, there is now
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agreement to report the dose received to the CTV-Tiy in this
situation. It was also beyond the scope of the meeting to
make recommendations for dose specifications. Issues
related to treatment planning were also not addressed.
There were differences of opinion regarding plan optimiza-
tion when using multichannel or interstitial brachytherapy.
Some practitioners try to weigh the central channel heavily
and limit the use of the peripheral channels/needles with the
idea that this limits hot spots in the vaginal mucosa. The
downside of this approach is that if a CTV-Typ is well later-
alized, then the whole vaginal circumference will essentially
be treated. For this reason, others weigh the peripheral
channels/needles more and weigh the central channel less in
an effort to limit dose to the contralateral vaginal wall. It is
not clear which is the preferred strategy. Regardless of the
approach, the dose to the OARs should be kept as low as
possible. Some of this is related to needing to improve our
understanding of the dose/volume effect correlations for
both the vaginal tumor and the acute and late-term OAR-
related toxicities.

Finally, we went through multiple iterations of our target
definitions to improve their clarity. With the second trial,
there was a higher agreement (“substantial”) in the CTV-Tyg
and CTV-Tig, suggesting an improved shared understanding
of target delineation. However, we recognize that this group of
participants are all gynecologic specialists and have extensive
experience in performing image-guided brachytherapy. We
did not test whether these proposed definitions would be gen-
eralizable to a broader radiation oncology community. We
anticipate, similar to other contouring guidelines, significant
work will be needed to disseminate this information and to
clarify areas of unanticipated confusion that may arise from
reading/applying the proposed target definitions. Other limi-
tations of our work include that not all participants were
experts in MRI-based image-guided brachytherapy (some per-
form mostly CT-based brachytherapy), which could have
influenced contouring agreement.

Conclusion

This international consensus provides recommendations for
image-guided adaptive brachytherapy target definitions in
vaginal recurrences of endometrial/cervical cancers. These
target definitions will help facilitate collaboration between
different centers to allow prospective validation and further
evidence-based guidance that we anticipate will improve
patient outcomes.
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