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ABSTRACT

The publication of the GEC-ESTRO recommendations one decade ago was a significant step forward for
reaching international consensus on adaptive target definition and dose reporting in image guided adap-
tive brachytherapy (IGABT) in locally advanced cervical cancer. Since then, IGABT has been spreading, par-
ticularly in Europe, North America and Asia, and the guidelines have proved their broad acceptance and
applicability in clinical practice. However, a unified approach to volume contouring and reporting does
not imply a unified administration of treatment, and currently both external beam radiotherapy (EBRT)
and IGABT are delivered using a large variety of techniques and prescription/fractionation schedules.

With IGABT, local control is excellent in limited and well-responding tumours. The major challenges are
currently loco-regional control in advanced tumours, treatment-related morbidity, and distant metastatic
disease. Emerging evidence from the RetroEMBRACE and EMBRACE I studies has demonstrated that clin-
ical outcome is related to dose prescription and technique. The next logical step is to demonstrate excel-
lent clinical outcome with the most advanced EBRT and brachytherapy techniques based on an evidence-
based prospective dose and volume prescription protocol.

The EMBRACE II study is an interventional and observational multicentre study which aims to bench-
mark a high level of local, nodal and systemic control while limiting morbidity, using state of the art treat-
ment including an advanced target volume selection and contouring protocol for EBRT and brachytherapy,
a multi-parametric brachytherapy dose prescription protocol (clinical validation of dose constraints), and
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use of advanced EBRT (IMRT and IGRT) and brachytherapy (IC/IS) techniques (clinical validation). The
study also incorporates translational research including imaging and tissue biomarkers.
© 2018 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Development of image guided adaptive brachytherapy: The
GEC-ESTRO GYN working group and network

For many decades, technological developments in cervix cancer
brachytherapy have been limited and treatment was based on 2D
imaging and standard approaches originally developed by the clas-
sical brachytherapy schools in the early 20th century. In recent
years, image guided adaptive brachytherapy (IGABT) has resulted
in a major change of practice. The GEC-ESTRO GYN Working Group
was established in 2000 (http://www.estro.org/about/governance-
organisation/committees-activities/gec-estro-gynaecology) to sup-
port and shape the emerging field of gynaecological IGABT based
on initial experience from a few pioneering European centres.
The aim was to develop a common language for prescribing,
recording and reporting of magnetic resonance image (MRI)-
guided cervix cancer. Through regular group meetings and discus-
sions concepts were developed and validated based on clinical
examples from centres with different historical traditions (Paris,
Leuven, Vienna). This culminated in the publication of two recom-
mendations on MRI-based IGABT for cervix cancer: (1) concepts
and terms for the adaptive target volume concept including assess-
ment of initial and response adaptive GTV and CTV [1] and (2) con-
cepts and terms for dose and volume reporting including biological
modelling based on the linear quadratic model [2].

In 2005, the GEC-ESTRO GYN Working Group founded a net-
work to promote collaboration between the increasing number of
institutions with research and development activities in IGABT.

The focus was on joint research and development as well as on
education and dissemination. In 2010 and 2011, The GEC-ESTRO
GYN network published recommendations Il and IV on applicator
reconstruction [3] and imaging [4] for MRI-based IGABT. The net-
work stimulated several multi- and mono-centre studies on uncer-
tainties related to gynaecological IGABT leading to the publication
of a collection of papers on this topic in a special issue of Radio-
therapy and Oncology (vol 107(1), 2013). In collaboration with
the GEC-ESTRO GYN network, Radiotherapy and Oncology also
published a special issue on gynaecological radiotherapy, with par-
ticular focus on cervix IGABT and outcome (vol 120(3), 2016). The
GEC-ESTRO GYN network is currently working on several new
guidelines: (1) CT contouring for brachytherapy in cervix cancer,
(2) Treatment planning in cervix brachytherapy, (3) Image regis-
tration for brachytherapy, and (4) Target definition for brachyther-
apy in vaginal cancer.

IGABT (with repetitive MRI regarded as the gold standard) is
increasingly replacing 2D brachytherapy throughout the world,
especially in Europe [5] and North America [6], but also in many
places in Asia [7,8]. The Gyn GEC-ESTRO Recommendations I-IV
have been used as the conceptual framework for the implemen-
tation of IGABT worldwide, and have been embedded and further
developed in the new ICRU report 89 [9]. IGABT and image
guided external beam radiotherapy (EBRT) will be the major pil-
lars of the upcoming multidisciplinary ESGO-ESTRO-ESP recom-
mendations for the radiotherapy management of cervical cancer
in Europe.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.estro.org/about/governance-organisation/committees-activities/gec-estro-gynaecology
http://www.estro.org/about/governance-organisation/committees-activities/gec-estro-gynaecology

50 R. Pétter et al./Clinical and Translational Radiation Oncology 9 (2018) 48-60

In order to evaluate the outcome of IGABT in a multicentre set-
ting, the GEC-ESTRO GYN network launched the “International study
on MRI-based brachytherapy in cervical cancer” in 2008 [10]. The
first EMBRACE study (EMBRACE I) was a prospective observational
study including external beam (45-50 Gy) and MRI-based IGABT.
The study closed in 2015 with the accrual of 1416 patients. The
GEC-ESTRO GYN network also carried out a retrospective collection
of data (retroEMBRACE) on 852 patients from 12 centres, treated
with IGABT before the start of EMBRACE I [11]. In 2016, The
EMBRACE II study was launched as a prospective interventional
study with specific treatment interventions based on the outcome
results of the retroEMBRACE and EMBRACE I studies.

This paper describes the rationale and evolution of the
EMBRACE 1I study. The full study protocol is accessible at the
EMBRACE website [10] as well as in Appendix A.

Current evidence from the EMBRACE studies and image guided
adaptive brachytherapy

The excellent outcome of IGABT has been demonstrated in sev-
eral mono-institutional reports as well as in the RetroEMBRACE
study [12-21]. The 3-year local and pelvic control rates reached
98-100% and 96%, respectively, for FIGO stage IB1 and IB2 disease,
and 93-96% and 89-91%, respectively, for stage IIB disease [12,22].
For stage III/IVA disease, the local and pelvic control rates between
centres were more variable ranging from 73-86% [12-20]. In the
RetroEMBRACE study, the improved local and pelvic control was
associated with an overall survival benefit of around 10% compared
to historical cohorts [22]; a similar benefit was also observed in
several mono-institutional reports [12,13,17]. In parallel, overall
major morbidity (G3-5) was limited after IGABT (3-6% per organ
in RetroEMBRACE and EMBRACE I [22-24]). The prospective French
STIC trial reported a 50% reduction of grade 3 and 4 morbidity for
3D compared to 2D brachytherapy [18] which is in agreement with
mono-institutional cohorts [12,13,16,17,25]. While major morbid-
ity is limited, mild morbidity reported by patients and physicians is
still frequent [23,24,26,27] and with impact on quality of life [28].

When the EMBRACE I study was initiated, there was insufficient
evidence to recommend that all centres follow specific dose con-
straints for targets and organs at risk (OAR). A variety of institu-
tional practices were therefore allowed regarding applicators,
intracavitary/interstitial techniques, dose planning aims, pre-
scribed dose, dose rate and fractionation. While dose delivery
was therefore heterogeneous, uniform volume contouring [29,30]
and dose volume reporting were mandatory according to the
GEC-ESTRO recommendations [1,2]. The inter-institution and
inter-patient dose variations of the EMBRACE I and RetroEMBRACE
studies have provided a unique opportunity to investigate the
effects of different dose levels and techniques. Furthermore, sev-
eral mono-institutional studies as well as the STIC study also fol-
lowed the GEC-ESTRO recommendations in terms of volume
selection, contouring and reporting, which allowed for further
comparisons between studies and institutions. Altogether, a vast
amount of new knowledge on dose and volume effect relationships
for targets and OARs has emerged from mono- and multi-centre
IGABT studies [31].

The response-adapted target volume concept developed by
GEC-ESTRO has been validated by analysing the patterns of local
failure in the EMBRACE I study, which found that 98% of local fail-
ures were located within the CTVyg and the CTV|g [32]. A significant
correlation between local control and dose, volume, and overall
treatment time (OTT) was demonstrated in the retroEMBRACE data
for all target volumes: GTV es, CTVyg and CTVig [33]. A CTVyg dose
of >85Gyqyp =10 (Dgo) delivered in 7 weeks results in a 3-year local
control rate of >94% in small targets (CTVyg <20 cm?), >93% in

intermediate size targets (CTVyg 20-30 cm?) and >86% in large tar-
gets (CTVyg up to 70 cm®) at brachytherapy. For the CTVz and
GTVyes, doses of >60 Gy and > 95Gyq,s- 10 (Dog), respectively, are
required for similar levels of local control. The ability to achieve a
CTVyr dose of 85Gygyp-10 (Dgo) depends on the brachytherapy
technique used. RetroEMBRACE demonstrated that use of intracav-
itary/interstitial (IC/IS) brachytherapy in large tumours signifi-
cantly increased local control without increasing morbidity [34].
In EMBRACE I, early results suggest that the use of combined IC/IS
brachytherapy results in less OAR morbidity compared to IC
brachytherapy alone in patients with parametrial infiltration [35].
The retroEMBRACE data also confirmed that prolonged OTT had a
negative impact on local control [33]. This emphasises that it is still
important to limit the OTT to <50 days in the era of IGABT com-
bined with concomitant chemotherapy.

The IGABT experience has also provided descriptive evaluations
of morbidity time patterns as well as analyses of risk factors
including dose. Vaginal morbidity, particularly stenosis, is preva-
lent [36] and correlates with external beam dose (prescribed pelvic
dose) as well as brachytherapy dose (ICRU recto-vaginal point
dose) [37]. These findings challenge the dogma that the vagina is
a radio-resistant organ, and evidence-based dosimetric guidance
can be introduced with the aim of reducing vaginal dose and mor-
bidity [38]. New recommendations on vaginal dose reporting for
the mid and low vagina may furthermore contribute to increased
sparing of vaginal tissue from unnecessary irradiation [39,40].
Analysis of rectal morbidity in the EMBRACE I study demonstrated
that G3 and G4 rectal morbidity is uncommon with IGABT [41].
Dose effect relationships have been demonstrated for rectal mor-
bidity [25,41-45], and limiting the rectal D,cy3 to <65 Gy reduces
the incidence of G2 or greater bleeding and proctitis to <5.2% and
<4.6%, respectively, while limiting the rectal D, .3 to <75 Gy
reduces the incidence of fistulae to <2.7% [41]. In addition, inter-
mediate dose to larger volumes of the rectum (e.g. V55Gy) are pre-
dictive of rectal morbidity [46]. Dose-and-effect relationships for
the bladder have been demonstrated in mono-institutional analy-
ses [42,44], and preliminary findings from EMBRACE I suggest an
advantage in limiting the bladder D, .5 to <80 Gy. Bowel and sig-
moid D,,3 may be associated with stenosis, strictures and fistulae
(data under evaluation [23]).

The overall volume irradiated to 43 Gy during EBRT was shown
to be associated with acute and late bowel morbidity [47-49].
There is evidence that intensity-modulated radiotherapy (IMRT)
reduces the risk of acute [50,51] and late [52,53]| morbidity [54].
Worldwide, many institutions still treat cervix cancer with 3D con-
formal radiotherapy (3D CRT) although IMRT has been available for
many years. The use of IMRT is instrumental for reducing the inci-
dence of bowel morbidity and may also reduce urinary morbidity.
Furthermore, image guided radiotherapy (IGRT) allows tight treat-
ment margins to be applied which has significant potential to
reduce the overall volume irradiated with EBRT.

The advantage of radiochemotherapy over radiotherapy alone is
well documented with several randomised studies published in
1999, and the benefit on overall survival, event-free survival and
pelvic control was confirmed in meta-analyses [55,56]. Several
platinum-based and non-platinum chemotherapy regimens were
studied, but there is insufficient evidence to recommend a specific
regimen/schedule as superior [55]. The number of cycles received
during treatment seems important for systemic control in high risk
patients e.g. patients with positive nodes or advanced FIGO stage
[57]; administration of 5-6 cycles of chemotherapy at full dose
may reduce the risk of distant metastases. In line with these
results, an early analysis from EMBRACE I shows significantly more
systemic relapses in node-positive and advanced stage patients
who received <4 chemotherapy cycles compared with the patients
who received >5 cycles (data under evaluation [58]).
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The overall rate of EMBRACE I patients developing nodal failure
was low (crude 11%) with significantly less failures in patients
without pathologic nodes at diagnosis compared to the node pos-
itive ones (7% versus 16%, respectively) (data under evaluation).
Pathologic nodes at time of diagnoses were confined to the pelvis
(common iliac, internal/external iliac including obturator region
and parametrium) in 81% of node positive patients. Nodal failures
were more often reported for the region of the cranial pelvic field
border and the para-aortic region, crude 71% [59], compared to
58% in the pelvis. Failure outside the irradiated volume occurred
in 36% of patients with nodal failure, in line with data from Beadle
et al. showing that a high number of regional recurrences occurred
marginal to the irradiated volumes (42%) and especially along the
cranial edge of the elective pelvic fields [60].

The EMBRACE II study - rationale for change of practice

Based on the promising results of IGABT, the EMBRACE study
and research group decided to initiate the EMBRACE II study with
interventions derived from the evidence collected from the first
two EMBRACE studies. The EMBRACE II study will combine and
investigate the most advanced techniques currently available for
EBRT and brachytherapy in cervix cancer with the delivery of con-
comitant chemotherapy to the highest standard. The aims of the
EMBRACE II study are to prospectively validate the findings of
the RetroEMBRACE and EMBRACE I studies and to benchmark an
excellent overall survival, based on improved local, nodal and sys-
temic control, as well as reduction of morbidity and improvement
of quality of life.

Application of IC/IS brachytherapy

The dose-effect relationships described previously provide
rationale for recommending a specific dose prescription protocol
for the primary tumour targets (GTV es, CTVygr, CTViR) and OARs,
to balance the aim for high local control with acceptable morbidity.
In EMBRACE institutions performing mainly IC brachytherapy half
of the patients with CTVyR volume larger than 30 cm? received D90
doses of less than 85 Gy. Fig. 1 shows that suboptimal local control
is predicted for the patients not achieving the 85 Gy constraint
[33]. The ability to reach dose constraints for both targets and
OARs relies on a change of practice, which mainly involves
increased use of IC/IS brachytherapy [34,61-63]. Furthermore, a
significant number of patients, mainly with small tumours at the
time of brachytherapy and small CTVyg (<30 cm?), were treated
to high doses which did not translate to higher local control
(Fig. 1). There is therefore potential to de-escalate the dose in these
patients to reduce OAR dose.

Vaginal dose de-escalation

Given the dose-effect relationship for vaginal morbidity, it is
hypothesised that limiting the dose to the ICRU recto-vaginal point
to less than 65 Gy and the EBRT dose to 45 Gy will reduce the inci-
dence of G2 or higher vaginal stenosis from 21% to 14% [37]. Multi-
centre in silico-studies have shown that reduced source loading in
the ring/ovoids and increased loading in the tandem (and needles if
utilised) can be applied without compromising CTVyg and GTV e
dose [38]. In typical standard loading patterns [64] and most clin-
ical practices [38], the relative vaginal loading is usually around
50%. There is potential to decrease the vaginal loading to 33%
which should reduce the ICRU recto-vaginal dose significantly [38].

There are also currently large differences between institutions
regarding the definition of the lower field border of EBRT [40].
An increased awareness of the lower EBRT target border through
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Fig. 1. The figure demonstrates the principles for dose de-escalation and dose
escalation in EMBRACE II. The current distribution of CTVyg dose and volume in the
EMBRACE study is shown (each point represents one patient). A number of 6 dose
and volume groups are defined according to cut-points of 85 Gy and 95 Gy for the
adaptive CTVyg D90 and of 30 cm? for the CTVyr volume. For each dose-volume
group the expected actuarial local control at 3 years is indicated, according to dose-
effect data from the retroEMBRACE study [33].

a well-defined target concept for EBRT, and a specific vaginal dose
reporting system referring to the Posterior-Inferior Border of the
Symphysis (PIBS) [39,40], should reduce the EBRT dose to the
lower and mid vagina.

IMRT and IGRT

In EMBRACE I, the utilisation of IMRT and 3D CRT was 27% and
73%, respectively. PTV margins of 8-10 mm to the elective lymph
node target are currently applied in many institutions [65]. Mar-
gins of this magnitude may be required for set-up uncertainties
with patient positioning based on skin marks. With daily in-
room imaging, now available in many institutions, bony image
fusion, and couch correction, a reduction in PTV margin from 10
mm to 5 mm can be implemented without compromising target
coverage [66].

In EMBRACE I patients, the mean volume irradiated to 43 Gy
(V43 Gy) was 2500 cm® for patients with pelvic irradiation and
3200 cm® for patients with pelvic + para-aortic irradiation [67].
With the implementation of a consistent target contouring proto-
col, IMRT and daily IGRT and a 5 mm PTV margin, the V43Gy can
be significantly reduced to ~1500 cm?® for pelvic volumes and to
~2200 cm? for pelvic + para-aortic volumes [67,68].

Nodal target selection

RetroEMBRACE and EMBRACE I outcome indicates that para-
aortic failure is the major challenge for nodal control. Para-aortic
nodal control can be addressed through pre-therapeutic laparo-
scopic para-aortic lymph node dissection or by increasing the use
of para-aortic irradiation in selected patients with nodal involve-
ment at diagnosis who are at higher risk of para-aortic and distant
relapse. The number of nodes (>3), location (common iliac), PET
avidity [69-71], and to a lesser extent size of nodes [72], may be
predictors of para-aortic and systemic failure. Systematic prophy-
lactic para-aortic irradiation in node-positive patients has been
shown to produce high levels of nodal control in mono-
institutional reports [73].
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Overall treatment time

In EMBRACE I 21% of patients were treated with OTT>50 days.
To improve OTT, efficient organisation of the whole multimodal
treatment is required. This includes delivering EBRT in a maximum
of 25 fractions and use of simultaneous integrated boosts (SIB) in
patients with lymph node involvement, minimising treatment
interruptions as much as possible and by planning the timing of
BT carefully.

Chemotherapy

In EMBRACE I, 70% of the patients received >5 cycles of
chemotherapy, but there was a large variation between centres
ranging from 15% to 85%. For optimal outcome particularly in high
risk patients [57], the EMBRACE II protocol therefore emphasises
administration of adequate doses of chemotherapy according to
evidence from the EMBRACE I study and in accordance with inter-
national guidelines.

Study design, interventions, aims and hypotheses
The EMBRACE II study is an interventional prospective study

with some areas for observational research. The study includes
multiple interventions and multiple endpoints. Interventions

Table 1

address local, nodal and systemic treatment as well as exposure
of OARs. Endpoints include local and nodal (pelvic) control within
the specific EBRT and brachytherapy targets, physician-assessed
morbidity and patient-reported outcome (PRO) related to OAR in
the pelvis and the para-aortic region, quality of life (QoL) indica-
tors, as well as systemic control, overall survival, disease free sur-
vival, and cancer specific survival. The study is designed to
benchmark the clinical outcome (see hypotheses below) of the
overall approach of advanced radiochemotherapy and brachyther-
apy. The accrual target was therefore calculated to achieve an
appropriate confidence interval for benchmarking 3-year disease
and morbidity outcome. The study aims to recruit 1000 patients
from at least 30 institutions in 4 years and to monitor them for
at least 5years. With 1000 patients, actuarial outcome can be
determined with a confidence interval of 1-3% for all disease and
morbidity endpoints in the overall cohort. Subgroup analysis
according to stage and risk groups can be determined with a con-
fidence interval of 2-4%, except for stage Il and IV subgroups
where confidence intervals of 6% and 15% are predicted due to
smaller patient numbers. Larger confidence intervals may also
apply to other sub-questions with smaller patient cohorts. Further-
more, the EMBRACE II study will reach sufficient patient numbers
to validate the patient- and treatment-related risk factors found in
retroEMBRACE and EMBRACE |, including dose and volume effects.

Outcome will be analysed with actuarial statistics. Morbidity
and PRO will also be evaluated by prevalence and a specific

Hypotheses of the EMBRACE II study for disease outcome and morbidity (EMBRACE II protocol, Table 5.2 modified). The hypotheses given as actuarial estimates are based on the
clinical outcome of retroEMBRACE and EMBRACE. Limitation: the numbers for EMBRACE represent the status of clinical evidence available in 8/2015. For the final definition of the
assumed benchmark of EMBRACE I, the final mature EMBRACE I outcome (when available) has to be taken into account as baseline for both disease related outcome as well as

morbidity. Confidence intervals for the EMBRACE II hypotheses are explained in the text.

Based on retroEMBRACE 3y/5y

Based on EMBRACE I 3y Hypothesis EMBRACE II 3y

Local control

Overall 91%/89%
<30 cm® CTVpg 96%

>30 cm® CTVir 87%
Stage IB, 1A 98%/98%
Stage IIB 93%/91%
Stage III 79%[75%
Stage IVA 76%[76%
Nodal control (incl. para-aortic)

Overall 88%

NO and Stage [ + 11 93%

N1 and Stage IIl + IVA 83%
Pelvic nodal control

Overall 94%
Pelvic control (local + nodal)

Overall 87%/84%
Systemic control (excluding para-aortic failures)
Overall 83%79%
NO and Stage I + 11 90%

N1 and Stage III + IVA 74%
Cancer specific survival Consecutive ChT
Overall 81%/74%
NO and Stage [ +1I 90%/87%
N1 and Stage IIl + IVA 69%/57%
Overall survival Consecutive ChT
Overall 77%|67%
NO and Stage [ + 11 87%(82%
N1 and Stage IIl + IVA 64%/49%

Morbidity

Bladder CTCAE > G2
Bladder CTCAE > G3
Rectum CTCAE > G2
Rectum CTCAE > G3
Bowel CTCAE > G2
Bowel CTCAE > G3
Vaginal CTCAE > G2
Vaginal CTCAE > G3

91% 93%
96% 96%
88% 91%
95% 98%
90% 94%
88% 89%
87% 89%
84% 90%
91% 94%
79% 87%
89% 95%

90%
83% 86%
89% 91%
79% 79%
NA 85%]78%
NA 91%/88%
NA 76%/64%
NA 81%71%
NA 88%/83%
NA 71%/56%
26% 21%
7% 6%
11% 9%
2% 2%
17% 12%
5% 4%
27% (stenosis) 31% (all) 20% (stenosis) 24% (all)

4% (all) 3% (all)
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methodology developed within EMBRACE I for evaluating late, per-
sistent, substantial, treatment-related symptoms (LAPERS).
Interventions are based on the evidence and rationale previ-
ously described and imply a change of practice for EBRT,
brachytherapy and chemotherapy for many centres:

e Increased use of IC/IS brachytherapy

e Reduction of brachytherapy vaginal source loading

e Protocol for target and OAR contouring for EBRT and BT

o Adaptation of EBRT nodal elective CTV according to risk of nodal
and systemic recurrence

e Use of IMRT/VMAT and daily IGRT for EBRT delivery (45 Gy in
25 fractions to elective target volume)

e Use of simultaneous integrated boost for pathological lymph

nodes

Systematic application of concomitant chemotherapy

Reduction of overall treatment time

The general aims of the EMBRACE II study are:

e To systematically apply IMRT/VMAT with daily IGRT as well as
advanced IGABT in a prospective multi-centre setting

e To systematically implement an adaptive dose volume prescrip-
tion protocol for IGABT

e To increase the tumour and target dose in patients with a large
CTVyr and/or GTV,es at brachytherapy and to decrease the
tumour and target dose in patients with a limited size CTVyr
and limited or no GTV,.s at brachytherapy

e To decrease the EBRT and BT dose to the vagina

e To decrease the dose to adjacent OARs, particularly in patients
with limited size CTVygr

e To implement systematic contouring, prescription and reporting
for tumour and node -related EBRT CTVs, ITV, PTVs and OARs.

e To administer EBRT in different targets which are adapted to the
risk of nodal and systemic failure: to improve para-aortic and
systemic control in high risk patients and maintain lymph node
control in low risk and intermediate risk patients

e To decrease overall EBRT volume through reduced PTV margins,
appropriate target selection, systematic contouring and meticu-
lous treatment planning for IMRT/VMAT

e To administer concomitant chemotherapy to prescribed doses
in as many patients as possible, particularly in high risk patients

e To benchmark an outstanding level of local, nodal and systemic
control as well as survival with application of advanced EBRT,
brachytherapy and chemotherapy within a limited OTT

e To benchmark a low incidence of intermediate and major mor-
bidity as well as a high quality of life with application of
advanced EBRT, brachytherapy and chemotherapy

Besides these general aims, there are several specific aims
which refer to the prospective validation of dose -volume parame-
ters from the previous EMBRACE analyses, to explore and evaluate
dose-volume parameters for EBRT and to identify prognostic and
predictive factors for disease recurrence and morbidity.

General and specific hypotheses are formulated for the feasibil-
ity of the various interventions (IGABT, IMRT, chemotherapy) and
for major endpoints (disease, morbidity, quality of life). The major
hypotheses are included in Table 1, while a comprehensive list of
EMBRACE II hypotheses can be found in the EMBRACE II protocol
(see Appendix A).

Patient inclusion

All patients with biopsy proven squamous cell carcinoma, ade-
nocarcinoma or adeno-squamous carcinoma of the cervix, FIGO

stage IB-IVA (and nodal status according to TNM as NO and N1)
in whom definitive radio-chemotherapy with curative intent is
planned are eligible for the study. Patients must be suitable for
treatment with IMRT with IGRT and MRI-based IGABT and >5
cycles of cisplatin. Patients with para-aortic metastatic nodes
(stage IVB) to the level of L2 are also eligible, but patients with fur-
ther dissemination are not.

Treatment

All patients will receive EBRT with concomitant chemotherapy
and brachytherapy. Summation of EBRT and brachytherapy doses
will be performed by calculation of a biologically equieffective
dose in 2 Gy per fraction (EQD2) using the linear-quadratic model
with o/B = 10 Gy for tumour effects and o/ = 3 Gy for late normal
tissue damage. The repair half time is assumed to be 1.5 h. The
maximum OTT (including both EBRT and brachytherapy) is 50
days.

External beam radiotherapy

EBRT must be delivered as IMRT or VMAT (volumetric modu-
lated arc therapy). The dose is 45 Gy in 25 fractions over 5 weeks.
Daily image guidance is mandatory with couch correction accord-
ing to bony structures. The definition of primary tumour targets is
CT and MRI-based with an initial GTV, HR and LR CTV-T (Fig. 2). An
individualised ITV-T is recommended based on patient anatomy
and target motion on multiple pre-treatment EBRT MR and (PET)
CT imaging. CT or MRI-based nodal Target (CTV-E) is defined
according to risk of nodal spread - “Small Pelvis”, “Large Pelvis”
or “Large Pelvis + Para-aortic” (Table 2 and Fig. 3). The overall
CTV-E/ITV-T to PTV margin is 5 mm. Involved nodes are boosted
using SIB to reach a total EBRT plus BT dose of 60 Gy EQD2 [69].
A coverage probability planning approach is recommended for
nodal boosting, which delivers 90% of the prescribed dose to the
edge of the nodal PTV to reflect the locational probability of the
nodal GTV during EBRT [68,74]. For PTV45 coverage, the aim is
for 95% of the volume to receive 95% of the prescribed dose. This
allows 5% of the PTV45 to be slightly underdosed to allow for nor-
mal tissue sparing. For the various OARs (contoured according to
protocol), several DVH parameters, classified as soft planning aims
and hard dose constraints, have been specified for treatment plan-
ning (Table 3).

Brachytherapy

The primary imaging modality is MRI with the applicator in situ
which enables definition of the relevant volumes of interest
directly on the images for treatment planning including applicator
reconstruction (Fig. 2). Brachytherapy dose planning is based on a
prescription protocol for targets and OARs (Table 4). Planning aims
include dose and volume parameters for GTV,es, CTVygr, CTVig and
OARs as well as the dose to the recto-vaginal point. The heteroge-
neous brachytherapy dose distribution is exploited to adapt the
dose level to the burden of disease at diagnosis and at time of
brachytherapy. If the planning aims cannot be achieved, limits
for the final prescribed dose are defined for GTV es, CTVyg, CTVig,
point A, bladder, rectum, sigmoid bowel and vagina. Hard con-
straints must be fulfilled for 80-90% of the patients, and soft con-
straints should be fulfilled as often as possible. To achieve the
target and OAR constraints, IC/IS brachytherapy must be used in
at least 20% of patients in each centre (given a typical stage distri-
bution of ~20% IB, ~50% IIB, ~20% IIIB and ~10% others). The vagi-
nal dose should be de-escalated by reducing the loading of the
vaginal sources (ring or ovoids) as much as possible without com-
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Panel A: Targets for EBRT
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Fig. 2. Schematic diagram for EBRT and brachytherapy targets in cervical cancer, stage IIB bulky disease and good response after chemo-radiotherapy: coronal, transversal
and sagittal view. For further details see figure 3.3 and 9.6 in the EMBRACE II protocol adapted from figure 5.10 from ICRU report 89 [9]. Panel A: EBRT targets: large GTV-Tipit,
initial CTV-Tyg, and initial CTV-T;k. Panel B: Brachytherapy targets: limited GTV-T,.s (residual GTV), adaptive CTV-Tyg, and CTV-Tjg (GTV-Tjp;; plus margins around the CTV-

Tyxr)- Maximum width, thickness and height of the adaptive CTV-Tyy are indicated.

promising CTVyr and CTVg coverage. Primary and secondary dose
planning aims for the vaginal dose are listed in Table 5.

Chemotherapy

The standard chemotherapy regimen is weekly Cisplatin (40
mg/m2) unless chemotherapy is precluded by patient age, co-
morbidity and morbidity. The aim is to deliver a minimum of 5
cycles in at least 80% of patients, particularly in advanced disease.
Reduced chemotherapy dose per cycle is encouraged when the full
dose cannot be given.

Follow-up

Follow-up with gynaecological examination will occur at 6, 9,
12, 18, 24, 30, 36, 48 and 60 months after treatment. Pelvic MRI
+ para-aortic CT will be repeated at 12 months after treatment or
in case of suspected recurrence. Tumour and nodal remission will
be assessed as complete, uncertain complete, partial, stable or pro-
gressive disease at 3 months after treatment by gynaecological
examination and pelvic MRI * para-aortic CT. For uncertain remis-
sion, further imaging will be carried out at six months.

Morbidity, PRO and QoL will be scored at baseline and at each
follow-up visit. Morbidity will be scored by the physician using
the Common Terminology Criteria for Adverse Events (CTCAE
v3.0/4.0). PRO and QoL will be assessed according to the scoring
manual of the EORTC QoL study group.

Accreditation and quality assurance

Accreditation for each centre requires a positive evaluation by
the study coordinators of: (1) a compliance questionnaire docu-
menting clinical practice and infrastructure, (2) contouring and
dose planning, and (3) registration and submission of patient cases.
Centres that have previously contributed to EMBRACE I are
required to undergo the quality assurance (QA) procedure for
IMRT/IGRT. New centres must undergo QA for both brachytherapy
and IMRT/IGRT. A unique feature of the study is a continuous web-
based education programme developed for all study participants to
highlight and reinforce key aspects of the protocol in addition to
the annual workshops and EMBRACE meetings. This programme
is hosted on the Cambridge Cancer Medicine Online platform
(CCMO, ccmo.co.uk) and includes a contouring tool (the Adden-
brooke’s Contouring Tool, ACT) with bespoke functionality for
self-learning, workshops and accreditation.
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Table 2

Risk groups for defining the elective clinical target volumes for lymph nodes and corresponding nodal targets defining the radiation field extensions.

Risk Group Definition EBRT lymph node regions
LN
Low Risk Tumour size < 4 cm “Small Pelvis”

(LR LN) AND stage IA/IB1/I1I1A1 internal iliac

AND NO

external iliac

AND squamous cell carcinoma obturator
AND no uterine invasion presacral
Intermediate  Not low risk “Large Pelvis”
Risk No high risk features Nodes included in “Small Pelvis” and common iliac region (including the aortic bifurcation)
(IR LN) In addition:
e Inguinal in case of distal vaginal involvement
e Mesorectal space in case of mesorectal nodes and advanced local disease
High Risk Based on nodal pathology: >1 pathologic node at “Large Pelvis + Para-aortic”

(HR LN) common iliac or above OR >3 pathologic nodes

Nodes included in “Large Pelvis” and para-aortic region with the upper border of CTV at the

level of renal veins (usually incl. L2), and at least 3 cm cranial of the highest pathological node
in case of para-aortic nodes]

high

“intermediate

low

- — -

Fig. 3. Schematic Diagram for lymph node elective CTVs based on risk of lymphatic
spread, “Small Pelvis”, “Large Pelvis”, “Large Pelvis + para-aortic”. The risk groups
are defined in .

Sub-studies
Vaginal morbidity sub-study

A study on vaginal morbidity was initiated within EMBRACE I
and continues accrual within EMBRACE II. In a prospective longitu-
dinal design, dosimetric and treatment parameters will be corre-
lated with detailed information on vaginal morbidity (including
3-dimensional mapping of symptoms) and linked to patients’
reports on vaginal symptoms, sexual functioning and psychosocial
impact. In addition, the impact of regular vaginal dilatation on the
vaginal adhesions, length and width will be evaluated.

Translational tissue-based research

Molecular studies within selected EMBRACE I centres indicate
that expression of hypoxia gene signature [75], stemness-related

proteins, and epithelial mesenchymal translation markers are
prognostic factors in cervix cancer. Furthermore, HPV subtype,
integration site and activity of infection may be associated with
metastatic potential and response to treatment. Immune response
has been found to predict metastatic risk and response to therapy.
The recently published results of The Cancer Genome Atlas study
revealed distinct molecular subtypes with differences in methyla-
tion, copy number variation and upregulated resistance pathways
[76], and results of the BioRAIDS study are awaited [77].

A multicentre pilot study using selected immunohistochemistry
markers is currently being planned in a subset of EMBRACE I
patients. One of the goals of this translational tissue-based initia-
tive is to build a network for further translational collaboration
within the EMBRACE group.

In EMBRACE II, informed consent for collecting additional
biopsy and blood will be obtained and research will focus on vali-
dating biomarkers of distant metastasis, local and nodal recurrence
in this unique prospective cohort of locally advanced cervical can-
cer patients treated with a state of the art uniform protocol. Contri-
bution to this sub-study is optional and participating centres can
choose different levels of participation. The basic level involves
supplying paraffin-embedded tumour tissue while the higher level
includes frozen tissue, blood and plasma. In a subset of patients,
both tissue and imaging biomarkers will be available. In addition,
translation research into late effects of OARs will be initiated.

Bio-imaging

The EMBRACE II study will also implement an imaging sub-
study (Appendix B, IQ-EMBRACE protocol), which will evaluate
the value of multiparametric quantitative MR imaging as biomar-
ker for identifying patients at increased risk of local, nodal and sys-
temic recurrence. The baseline MRI examination in these patients
will include quantitative imaging for assessing quantitative T2,
the apparent diffusion coefficient (ADC) from diffusion-weighted
MRI and tracer kinetic model parameters from dynamic contrast-
enhanced (DCE-) MRI. To ensure consistent quantification between
participating centres, a QA procedure, consisting of imaging of cal-
ibration phantoms with the proposed sequences for the study, will
be carried out in each centre prior to inclusion of the first patient.

Expected outcome and further prospects

The publication of the GEC-ESTRO recommendations more than
one decade ago was a significant step forward for reaching interna-
tional consensus on target definition and dose reporting in IGABT
in cervix cancer. Through worldwide spread in clinical practice
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Table 3
Dose constraints for EBRT for NO and N1 patients. This table is an update of table 9.4 of the EMBRACE II study protocol version 1.0.
No lymph node involvement Involved lymph nodes
Hard dose constraints  Soft dose constraints Hard dose constraints Soft dose constraints
PTV45 V42.75 Gy > 95% V42.75 Gy = 95% V42.75 Gy > 95% V42.75 Gy = 95%
Dmax < 107% Dmax < 107% for helper structure:
PTV45 - (PTV-N(#) + 1 cm)
ITV45 Dmin > 95% Dmin > 95%
CTV-HR + 10 mm Dmax < 103% Dmax < 103%
for helper structure:
CTV-HR + 10 mm - (PTV-N(#) + 1 cm)
PTV-N(#) D98% > 90% of prescribed LN dose D98% = 90% of prescribed LN dose
Dmax < 107% of prescribed LN dose
CTV-N(#) D98% > 100% of prescribed LN dose D50% > 102% of prescribed LN dose
Bowel Dmax < 105% V40Gy < 250 cm® Dmax < 105% When no para-aortic irradiation:
V30Gy < 500 cm® in regions outside 10-15 mm from PTV-N  V40Gy < 250 cm®
V30Gy < 500 cm®’
For para-aortic irradiation:
V40Gy < 300 cm®’
V30Gy < 650 cm®’
Sigmoid Dmax < 105% Dmax < 105%
in regions outside 10-15 mm from PTV-N
Bladder Dmax < 105% V40Gy < 60% Dmax < 105% V40Gy < 60%
V30Gy < 80% in regions outside 10-15 mm from PTV-N  V30Gy < 80%
Rectum Dmax < 105% V40Gy < 75% Dmax < 105% V40Gy < 75%
V30Gy < 95% in regions outside 10-15 mm from PTV-N  V30Gy < 95%
Spinal cord Dmax < 48 Gy Dmax < 48 Gy
Femoral heads Dmax < 50 Gy Dmax < 50 Gy
Kidney Dmean < 15 Gy Dmean < 10 Gy Dmean < 15 Gy Dmean < 10 Gy
Body Dmax < 107% Dmax < 107%
in regions outside 10-15 mm from PTV-N
Vagina (if not involved) Dpigs-2em < 5 Gy Dpigs-2em < 5 Gy
Conformality 1.10 (V43/Volume of PTV) 1.10 (V43Gy/Volume of PTV)
1.55 (V36Gy/Volume of PTV) 1.55 (V36Gy/Volume of PTV)
Transposed ovaries Dmean < 8 Gy Dmean < 5 Gy Dmean < 8 Gy Dmean < 5 Gy
Duodenum V55 <15 cm?® V55 <15 cm®

Percentages of 45 Gy unless stated otherwise for nodes.
Dmax and Dmin for MC plans based on D99.9% and DO0.1%.

" Soft constraints which can be used in the treatment plan optimisation. Values are based on DVH parameters of EMBRACE II patients entered in the study before June 2017.
The constraints are not supposed to be fulfilled in all patients, but by ~70-80% of the patients.

Table 4
Planning aims (soft constraints) and limits for prescribed dose (hard constraints) for treatment planning in EMBRACE II. The EQD?2 is calculated using o/p = 10 for targets, o,/p =3
for OAR and a repair halftime of 1.5 h. The total EQD2 include 45 Gy/25 fractions delivered by EBRT.

Target D90 CTVur D98 CTVur D98 GTVes D98 CTVir Point A
EQD2o EQD2o EQD210 EQD210 EQD240
Planning Aims >90 Gy >75 Gy >95 Gy >60 Gy >65 Gy
<95 Gy
Limits for Prescribed Dose >85 Gy - >90 Gy - -
OAR Bladder Dycms Rectum Dycm3 Recto-vaginal point EQD23 Sigmoid Dyems Bowel Dycms
EQD2; EQD2; EQD2; EQD25
Planning Aims <80 Gy <65 Gy <65 Gy <70 Gy <70 Gy
Limits for Prescribed Dose <90 Gy <75 Gy <75 Gy <75 Gy <75 Gy’

" For the sigmoid/bowel structures these dose constraints are valid in case of non-mobile bowel loops resulting in the situation that the most exposed volume is located at a
similar part of the organ.

[5-9], the guidelines have proven their broad acceptance and have an impact on outcome. There is now convincing evidence to
applicability in clinical practice. IGABT holds furthermore promises recommend use of advanced techniques such as IC/IS brachyther-
for economic gain [78]. However, a unified approach to contouring apy, IMRT and IGRT, and various targets for dose prescription.
and reporting does not imply unified treatment, and currently both These recommendations will be prospectively tested in the
EBRT and brachytherapy are administered using a wide variety of EMBRACE 1I study and are included in the upcoming “ESGO-
techniques and schedules. Emerging clinical results have demon- ESTRO-ESP Guidelines for the Management of Patients with Cervi-
strated that the different prescription schedules and techniques cal Cancer”.
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Table 5
Parameters and constraints for vaginal dose control.
Aim Priority

ICRU recto-vaginal point dose <65 Gy EQD2 (EBRT + brachytherapy) Primary
The ratio of vaginal TRAK and total TRAK <30-40% Secondary
Vaginal lateral dose points at 5 mm <85 Gy EQD2 (EBRT + brachytherapy) Secondary
Visual inspection of the 140% isodose Intruding as little as possible into vaginal tissue, and preferentially located within the applicator Secondary
PIBS - 2 cm When vagina is not involved: Dpigs_.acm < 5 Gy Secondary

While excellent local and nodal control is expected with current
state of the art treatment [22], 10-30% of patients will still develop
distant metastases depending on local and nodal stage. Currently,
results of adjuvant and neo-adjuvant chemotherapy are awaited
from the OUTBACK (NCT01414608) and INTERLACE
(NCT01566240) protocols, respectively. A real breakthrough for
preventing distant metastatic disease will require development
of novel targeted therapy, immunotherapy, vaccines or new appli-
cations of existing systemic agents. Translational research will
allow identification of predictive factors to select those patients
who will benefit from intensification of systemic therapy, and crit-
ical biological characteristics which can potentially be targeted
through specific drugs. EMBRACE II is organising prospective col-
lection of tissue to facilitate a translational research programme
across centres. Furthermore, as EMBRACE II aims for optimal deliv-
ery of chemo-radiotherapy based on the most advanced techniques
in order to achieve the best possible clinical results, it constitutes
an ideal consortium for implementation of additional study proto-
cols on new drugs or other systemic interventions in the future.

Advances in radiotherapy beyond EMBRACE II may include
application of MR guided EBRT or particle therapy which are
modalities currently growing in availability. With the MR linac fur-
ther margin reduction may be possible with a promise for reduc-
tion of morbidity [79]. Proton and carbon ion therapy may also
allow further reduction of normal tissue irradiation, particularly
bowel and bladder [80]. Carbon ion radiotherapy may be beneficial
for improving tumour and nodal control [81,82]. While proton
radiotherapy is mainly used for established indications at present,
there is room to develop clinical protocols for new indications
where a potential benefit may be expected, e.g. for morbidity end-
points [83,84].

IGABT requires volumetric imaging, preferably MRI, and the
availability of advanced IC/IS applicators. Lack of imaging scanners
and personnel are barriers to implementation in large parts of the
world and trans-rectal ultrasound (US) based IGABT may allow
IGABT to become more widely available. A successful IGRT and
IGABT programme requires multidisciplinary knowledge, experi-
ence and skills involving radiation oncology, medical physics, radi-
ology, anaesthesiology, psychology and nursing. Teaching and
training is crucial for high-quality IGABT [65]| and EBRT [85,86].
Many educational activities are already carried out through major
national and international societies (e.g. ESTRO, GOG, ABS, AROI,
IAEA). Examples include the ESTRO school (http://www.estro.org/
school) [87,88], workshops organised by Medical University of
Vienna (supported by Elekta, Stockholm, Sweden) and Aarhus
University Hospital (supported by Varian Medical Systems, Palo
Alto, CA, USA) as well as the Dutch QA project [89]. These pro-
grammes need to be sustained and further disseminated to make
advanced radiotherapy in cervix cancer available for as many
patients as possible in the western world and worldwide. The
EMBRACE II study group has developed a web-based training mod-
ule for IMRT, IGRT and IGABT (http://ccmo.co.uk). The purpose of
this module is to train departments to high performance in con-
touring and treatment planning before they embark on the accred-
itation process of EMBRACE II. Such teaching modules also have

potential to be further exploited beyond the EMBRACE II
participants.

Conclusion

The major current challenges in treatment of locally advanced
cervical cancer are (1) local control in advanced tumours, (2)
treatment-related morbidity and quality of life, (3) distant meta-
static spread with the para-aortic region being one of the most
common sites of distant failure, (4) selection of patients for addi-
tional systemic treatment. EMBRACE II will address these chal-
lenges through state of the art brachytherapy applicators,
advanced EBRT, increased administration of para-aortic irradiation
and systematic use of chemotherapy (>5 cycles) in an interna-
tional multicentre setting. The EMBRACE II study is expected to
further improve disease control, morbidity and QoL compared to
EMBRACE I and retroEMBRACE.
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