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MRI-guided adaptive brachytherapy in locally advanced
cervical cancer (EMBRACE-I): a multicentre prospective
cohort study
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Summary

Background The concept of the use of MRI for image-guided adaptive brachytherapy (IGABT) in locally advanced
cervical cancer was introduced 20 years ago. Here, we report on EMBRACE-I, which aimed to evaluate local tumour
control and morbidity after chemoradiotherapy and MRI-based IGABT.

Methods EMBRACE-I was a prospective, observational, multicentre cohort study. Data from patients from 24 centres
in Europe, Asia, and North America were prospectively collected. The inclusion criteria were patients older than
18 years, with biopsy-proven squamous cell carcinoma, adenocarcinoma, or adenosquamous carcinoma of the uterine
cervix, The International Federation of Gynecology and Obstetrics (FIGO) stage IB-IVA disease or FIGO stage IVB
disease restricted to paraaortic lymph metastasis below the L1-L2 interspace, suitable for curative treatment.
Treatment consisted of chemoradiotherapy (weekly intravenous cisplatin 40 mg/m2, 5-6 cycles, 1 day per cycle, plus
45-50 Gy external-beam radiotherapy delivered in 1-8-2 Gy fractions) followed by MRI-based IGABT. The MRI-based
IGABT target volume definition and dose reporting was according to Groupe Européen de Curiethérapie European
Society for Radiation Oncology recommendations. IGABT dose prescription was open according to institutional
practice. Local control and late morbidity were selected as primary endpoints in all patients available for analysis. The
study was registered with ClinicalTrials.gov, NCT00920920.

Findings Patient accrual began on July 30, 2008, and closed on Dec 29, 2015. A total of 1416 patients were registered in
the database. After exclusion for not meeting patient selection criteria before treatment, being registered but not
entered in the database, meeting the exclusion criteria, and being falsely excluded, data from 1341 patients were
available for analysis of disease and data from 1251 patients were available for assessment of morbidity outcome. MRI-
based IGABT including dose optimisation was done in 1317 (98-2%) of 1341 patients. Median high-risk clinical target
volume was 28 cm3 (IQR 20-40) and median minimal dose to 90% of the clinical target volume (D,,,) was 90 Gy (IQR
85-94) equi-effective dose in 2 Gy per fraction. At a median follow-up of 51 months (IQR 20-64), actuarial overall
5-year local control was 92% (95% CI 90-93). Actuarial cumulative 5-year incidence of grade 3—-5 morbidity was 6-8%
(95% CI 5-4-8-6) for genitourinary events, 8-5% (6-9-10-6) for gastrointestinal events, 5-7% (4-3-7-6) for vaginal
events, and 3-2% (2-2—4-5) for fistulae.

Interpretation Chemoradiotherapy and MRI-based IGABT result in effective and stable long-term local control across
all stages of locally advanced cervical cancer, with a limited severe morbidity per organ. These results represent a
positive breakthrough in the treatment of locally advanced cervical cancer, which might be used as a benchmark for
clinical practice and all future studies.

Funding Medical University of Vienna, Aarhus University Hospital, Elekta AB, and Varian Medical Systems.
Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction
Combined chemoradiotherapy and brachytherapy is the
treatment of choice in locally advanced cervical cancer.!
Despite increasingly sophisticated techniques for
delivering external-beam radiotherapy (EBRT), brachy-
therapy remains a crucial element of treatment for
optimal local control and long-term survival.>*

About two decades ago, MRI was introduced for the
planning of brachytherapy in locally advanced cervical

cancer, and a new adaptive target concept was designed
taking into account the topography of the primary tumour
at diagnosis and the substantial regression often observed
during EBRT and concomitant chemotherapy.** When
image-guided adaptive brachytherapy (IGABT) was
introduced, clinical evidence for the safety of this approach
was scarce.’ In small tumours and those that have
responded well to chemoradiotherapy, dose adaptation
to a three dimensional (3D) target can result in dose
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Research in context

Evidence before this study

We searched PubMed for reports published in English between
Jan 1, 2000, and June 1, 2020, using the search terms “image
guided adaptive brachytherapy” (IGABT), “MRI”, “cervical
cancer”, “local control”, “overall survival”, and “prospective
clinical study”. No study fulfilling these criteria was identified.
The clinical evidence so far is based on several retrospective
patient cohort studies pointing to improvement of local control
and reduction of severe morbidity by IGABT in locally advanced
cervical cancer, with only few variations in treatment and
outcomes. Additionally, international recommendations have
been published on the concept and reporting of IGABT (Groupe
Européen de Curiethérapie European Society for Radiation
Oncology [GEC ESTRO] recommendations, International
Commission of Radiation Units report 89).

Added value of this study

To our knowledge, EMBRACE-! is the first prospective
multi-institutional observational cohort study using
MRI-based IGABT in addition to concurrent
chemoradiotherapy in locally advanced cervical cancer,
showing the clinical feasibility of the combined treatment.
Effective dose coverage could be reached in the target while
sparing organs at risk through adjustment of IGABT
application technique (intracavitary and interstitial needles)
and multiparametric three dimensional treatment planning.
EMBRACE-I provides mature and high-quality clinical
outcome data showing a high rate of local control across all
stages greater than ever reported before. This improvement

de-escalation with the potential risk of local recurrence. By
contrast, in large and poor-responding tumours (still large
after chemoradiotherapy), IGABT allows dose escalation to
the target through the use of combined intracavitary and
interstitial techniques, but this strategy leads to larger
volumes being treated with high radiation doses,”® which
could increase severe morbidity.

Therefore, IGABT was introduced with caution, initially
with limited optimisation of the dose distribution for
exclusively intracavitary implants, which were later
supplemented with interstitial needles to treat more
extensive tumours.’ Several single-centre series,*" a non-
randomised French study using CT guidance,” and a
large retrospective multicentre series (RetroEMBRACE)
using mainly MRI guidance,” showed the safety and
feasibility of IGABT in routine practice with clinically and
statistically significant improved local and pelvic control
and reduced morbidity.

Here, we report the mature overall findings of the
IntErnational study on MRI-guided BRAchytherapy in
CErvical cancer (EMBRACE-I), which, to our knowledge,
was the first large-scale prospective study of MRI-based
IGABT for locally advanced cervical cancer. The study
was based on recommendations published by the
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was associated with a high rate of pelvic control and overall
survival. Severe late morbidity (eg, grade =3) was limited per
organ site and endpoint.

Implications of all the available evidence

The results of EMBRACE-I provide the clinical evidence for
MRI-guided IGABT as being the new gold-standard IGABT of
locally advanced cervical cancer to be implemented across the
world, replacing the traditional two dimensional point A concept.
EMBRACE-I entails a comprehensive system for collecting
information on patient, tumour, and treatment parameters,
associating these with disease outcome and morbidity, and quality
of life. The high level of local and pelvic control with limited severe
morbidity and favourable overall survival will serve as a platform
for future studies focusing on nodal and systemic control, which
are the barriers for improved disease control and survival. IGABT,
as practiced in EMBRACE-I, has become the new standard of care
in Europe according to the recommendations of the European
Society of Gynaecologic Oncology, the European Society for
Radiotherapy and Oncology, and the European Society of
Pathology. Findings from EMBRACE-I| were the basis for the
ongoing interventional prospective multicenter EMBRACE-I|
(NCT 03617133) study, in which specific planning aims and
dose-volume constraints are enforced. The EMBRACE | results
are also being increasingly used as a reference in many centres
worldwide and in clinical studies reflecting clinical, biological,
and technical parameters of importance for further optimising
the therapeutic ratio for chemoradiotherapy and IGABT in
locally advanced cervical cancer.

Groupe Européen de Curiethérapie European Society
for Radiation Oncology (GEC-ESTRO),** which provided
the basis of the International Commission on Radiation
Units and Measurements (ICRU) report 89." The aims
of EMBRACE-I were: (1) to introduce MRI-based IGABT
in locally advanced cervical cancer in an international
multicentre setting; (2) to present reference material of
treatment parameters; (3) to investigate the effects of
MRI-based IGABT on disease and late morbidity for
patients with locally advanced cervical cancer treated
with definitive chemoradiotherapy followed by MRI-
based IGABT allowing for variations in technique and
dose; and (4) to provide a benchmark for clinical
outcome with MRI-based IGABT in a large patient
population.

Methods

Study design and participants

EMBRACE-I was a prospective, observational, multi-
centre cohort study done at 24 centres in Europe, Asia,
and North America. Reporting on key patient, disease,
treatment, and outcome parameters and standardised
target volume definition* and dose-volume reporting’ for
MRI-based IGABT were mandatory, whereas the
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brachytherapy dose prescription was according to
institutional practice and was observational.

Eligibility criteria were biopsy-proven squamous cell
carcinoma, adenocarcinoma, or adenosquamous carci-
noma of the uterine cervix, The International Federation
of Gynaecology and Obstetrics (FIGO) stage IB-IVA
disease or FIGO stage IVB disease restricted to paraaortic
lymph metastasis below the L1-L2 interspace, suitable for
curative treatment including MRI according to the study
protocol, and age 18 years or older. Exclusion criteria were
other primary malignancies except carcinoma in situ of
the cervix and basal cell carcinoma of the skin, metastatic
disease beyond the para-aortic region (L1-L2); previous
pelvic or abdominal radiotherapy; previous total or partial
hysterectomy; combination of preoperative radiotherapy
with surgery; patients receiving brachytherapy only;
patients receiving EBRT only; patients receiving neo-
adjuvant chemotherapy; contraindications to MRI;
contraindications to brachytherapy; active infection or
severe medical condition endangering treatment delivery;
and pregnant, lactating, or childbearing potential without
adequate contraception.

Written, informed consent was obtained from all
patients. The study protocol was approved by local ethics
committees in participating centres.

Procedures

Pelvic MRI (with T2-weighted spin-echo sequences) and
gynaecological examination at diagnosis were mandatory
for local tumour staging. Abdominal CT and chest x-ray
were required for nodal staging and exclusion of distant
metastasis. Thoracic CT, PET-CT, and pelvic or paraaortic
lymphadenectomy were optional.

Patients were staged according to a modified FIGO
2009 classification—patients with hydronephrosis
detected by imaging were classified as FIGO IIIB and
patients with paraaortic lymph node metastases detected
by imaging or lymphadenectomy as FIGO IVB. Baseline
morbidity assessment was done using the Common
Terminology Criteria for Adverse Events version 3.”

Treatment comprised EBRT to the pelvis with
concomitant chemotherapy followed by IGABT based on
MRI and gynaecological examination at diagnosis and at
brachytherapy. Paraaortic radiotherapy was applied in
case of paraaortic nodal involvement or in patients
considered at high risk for paraaortic nodal recurrence at
the discretion of the treating physician.' Inguinal
radiotherapy was used for pathological inguinal nodes or
lower third involvement of the vagina, or both. Permitted
EBRT techniques were 3D conformal radiotherapy,
intensity-modulated radiotherapy (IMRT), or volumetric
arc therapy (VMAT) with CT-based treatment planning;
opposed fields and midline blocks were not allowed. The
EBRT dose was 45-50 Gy in 1-8-2 Gy fractions. EBRT
boosts to pathological lymph nodes were encouraged,
parametria or pelvic side wall boosts up to 60-65 Gy
were allowed. Concomitant chemotherapy was weekly

intravenous cisplatin 40 mg/m2, 5-6 cycles, 1 day per
cycle. Neo-adjuvant or adjuvant chemotherapy was not
permitted.

MRI-based treatment planning with the applicator in
place was mandatory for at least the first application and
subsequent applications could be CT-planned with
consideration of the previous MRI information. Any
MRI-compatible applicator type was permitted; use of
combined intracavitary and interstitial techniques was
optional. Target volume definition and reporting were
according to Gynaecological (GYN) GEC-ESTRO recom-
mendations (eg, high-risk clinical target volume [CTV,;])
and contouring of organs at risk was mandatory as well
as dose volume reporting (eg, minimal dose to 90% of
the clinical target volume [D,y,], minimal dose to the
most exposed 2 cm3 of the respective organ [D; _.]).**
Individual dose optimisation was encouraged to balance
dose to target versus organs at risk. Dose optimisation
was defined as point A (left or right) being different from
the (institutional) planning aim (ICRU 89; appendix
p 1).* The equi-effective dose in 2 Gy per fraction (EQD2)
from EBRT and brachytherapy was calculated using an
a/f of 10 Gy for tumour (EQD2,) and 3 Gy for organs at
risk (EQD2,), and a half-time for sublethal damage repair
of 1.5 h for pulsed dose rate brachytherapy*” The
maximum overall treatment time (EBRT plus brachy-
therapy) was limited to 50 days. The intention was to stay
below the standard threshold of 56 days to improve
outcome.”

Patients were assessed clinically with gynaecological
examination every 3 months in the first year, every
6 months in the second and third year, and annually
thereafter. Pelvic MRI was mandatory at 3 months and
12 months. Additional imaging and laboratory or physical
examinations were done at the discretion of the treating
physician. Imaging (mainly MRI, CT, or PET-CT), but not
pathological examination, was mandatory for confirmation
of any recurrence and additional gynaecological exami-
nation for local recurrence (appendix p 1). Morbidity was
assessed longitudinally and scored at each follow-up until
a disease event (recurrence or metastasis) or last follow-up
using The Common Terminology Criteria for Adverse
Events (version 3).

Data were collected in a web-based database with
electronic case report forms. Before beginning patient
accrual, all participating centres had to pass a dummy
run procedure” involving submission of complete 3D
datasets on two patients of planning CT for EBRT with
target volumes and dose distribution, MRI at diagnosis,
and planning MRI at brachytherapy with applicator,
target volumes, and dose distribution. Data for each
patient were checked for completeness and plausibility
by the study office. These checks included evaluation of
all entered patient, tumour, treatment, imaging, and
outcome parameters. In case of implausible data, the
centre was contacted by the study office for clarification
and data were subsequently re-checked. Adherence to the
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follow-up schedule was monitored and completion or
update of follow-up forms was requested, if necessary
(appendix p 1). All disease and major morbidity
(grade 3-5) events were reviewed to confirm correct
classification of disease events and reason of death, and
the correct documentation and grading of morbidity
events. In case of uncertainties, the centre was contacted
by the study office for individual case discussion
(appendix p 1).

Outcomes

Due to the direct effect of brachytherapy on the primary
tumour and surrounding organs, local control and late
morbidity were selected as primary endpoints. Local
control was defined as absence of any recurrent or
progressive disease in the cervix, parametria, uterine
corpus, and vagina. Late morbidity was defined as any
morbidity at 3 months or longer after the end of treatment.

Pelvic control, nodal control, disease-free survival,
overall survival, and quality-of-life were secondary
endpoints. Overall survival was not selected as a primary
endpoint because it is known to be influenced by nodal
and systemic control. Primary and secondary outcomes
were assessed in all patients with available data.

Pelvic control was defined as absence of any local or
nodal recurrence or progression in the pelvis. Nodal
control was defined as absence of any recurrent or
progressive nodal disease in the pelvic, inguinal, or
paraaortic region. Disease-free survival was defined as
absence of any disease event or death from any cause.
Overall survival was defined as absence of death from
any cause.

Quality-of-life results will be presented separately due
to their complexity.**

Statistical analysis

Accrual of 600 patients was planned according to the
study protcol. This estimation was based on the estimated
feasibility of accrual from the major contributing centers
within a certain period. The initial aim was extended to
more than 1300 patients due to the limited number of
disease events to achieve a higher number in the order of
100 events, which allows for reliable multivariable testing
of up to ten predictive or prognostic factors.””* Further-
more, such extension of patient accrual allows for high
precision in estimating actuarial incidence.

Medians and IQRs were calculated for metric variables
(age, dose parameters, and CTV,, volume) and absolute
and relative frequencies were calculated for categorical
variables (histology, FIGO stage, nodal status, and
treatment characteristics).

Morbidity was reported as absolute number of events
and patients (crude incidence) and actuarial cumulative
incidence rates for grade 3-5 morbidity, for geni-
tourinary tract, gastrointestinal tract, vagina, fistula,
overall (genito-urinary, gastrointestinal, and vaginal),
and by FIGO stage.

www.thelancet.com/oncology Vol 22 April 2021

Disease events were reported by location (local, nodal
[inguinal, pelvic, paraaortic], and systemic) and were
registered at first recurrence and evaluated overall and by
FIGO stage. A post-hoc analysis was done for comparison
of outcomes by nodal status at diagnosis by FIGO stage.
Time-to-event intervals were calculated from the date of
diagnostic biopsy until the respective event. Patients
without events were censored at the date of last follow-up.
For time-to-event outcomes, the probability of a patient
remaining event-free within a given time period was
calculated using the Kaplan-Meier method. CIs were
defined as 95% for actuarial estimates. Time-to-event
curves were compared between groups using the log-rank
test. The cumulative incidence curves for local control,
pelvic control, and nodal control regarding death as a
competing event were calculated to evaluate sensitivity.

Patients lost to follow up were censored at the timepoint
when they were lost to follow-up. Monitoring of follow-up
appointments was done within the quality assurance
programme. Reminders to update and complete follow-up
forms were sent to the participating centers, if necessary.

Analyses were done with SPSS (version 26) and R
(version 3.5). The study was registered with ClinicalTrials.
gov, NCT00920920.

Role of the funding source

The sponsors had no role in study design, data collection,
data analysis, data interpretation, or writing of this
report.

Results

Patient accrual started on July 30, 2008, and closed on
Dec 29, 2015. The final analysis was based on data
updated as of July 15, 2019. A total of 1416 patients were
registered in the database. 21 patients were excluded for
not meeting patient selection criteria before treatment,
17 patients were registered but not entered in the
database, 34 patients met the exclusion criteria, and three
patients were falsely excluded with no data collected.
1341 patients were available for analysis of disease and
1251 for morbidity outcome (figure 1).

Information on MRI-defined adaptive brachytherapy
target volumes and dose-volume reporting was available
for 1329 (99-1%) of 1341 patients (three patients died
during treatment, and nine patients had no MRI at
brachytherapy). Individualised dose optimisation was
done for 1317 (98- 2%) patients. Patient characteristics are
summarised in table 1 and treatment characteristics are
described in table 2. Stage-related dose and volume
parameters for brachytherapy are shown in table 3.

The median follow-up was 51 months (IQR 20-64).
131 (9-8%) patients were lost to follow-up at 3 years and
in total 388 (28-9%) had no 5-year follow-up form
available (appendix p 2). 440 disease events were observed
in 331 (24-7%) patients: 98 local, 158 pelvic, 158 nodal
(pelvic, 83; paraaortic, 104; inguinal, 22; simultaneous
events at different sites included), and 184 systemic

541



Articles

542

1416 patients registered in the database

17 patients excluded for being registered but not entered in database
| because of missing information on patient, tumour,
and treatment characteristics

A 4

[y

399 patients entered in the database

21 patients excluded for not meeting protocol patient selection
criteria before treatment
10 had metastatic disease at diagnosis
5 had wrong histological subtype
4 had other types of cancer or previous
malignancies
1 previously treated with neoadjuvant chemotherapy
1 unknown

v

e

378 patients fulfilling inclusion criteria

34 patients met protocol patient exclusion criteria during treatment
27 did not receive brachytherapy
4 did not receive EBRT and brachytherapy
1 received anterior-posterior or posterior-anterior EBRT
| technique
1 received low-dose rate brachytherapy
1did not have MRI at diagnosis
3 patients falsely excluded by centres
(prolonged overall treatment time) and had no data collected

v

| 1341 included in disease outcome and survival analysis

—>| 90 patients excluded due to no available follow-up on late morbidity

A 4

| 1251 included in morbidity analysis |

Figure 1: EMBRACE-I trial profile
EBRT=external-beam radiotherapy.

(table 3, appendix p 6). Overall, 363 (27-1%) patients
died: 281 (21-0%) due to disease progression, 12 (0-9%)
due to treatment-related toxicity with no evidence of
disease, 58 (4-3%) due to other reasons, and 12 (0-9%)
for unknown reasons.

The primary endpoint of actuarial overall 5-year local
control was 92% (95% CI 90-93; table 3, appendix p 2).
Actuarial 5-year local control per FIGO stage is shown in
table 3 and figure 2.

5-year pelvic control was 87% (95% CI 85-89), 5-year
nodal control was 87% (95% CI 85-89), 5-year overall
survival was 74% (72-77), and 5-year disease-free survival
was 68% (65-70; table 3, appendix pp 2-5).

Local control was similar across all FIGO stages
(p=0-31). However, significant differences were found
for disease-free survival and overall survival by FIGO
stage; p<0-0001; appendix pp 3—4).

The estimates for cumulative incidence of local, pelvic
and nodal control (the competing risk sensitivity analysis)

Patient cohort (n=1341)
Demographics
Age, years 49 (41-60)
Missing 0
Histology
Squamous cell carcinoma 1097 (81-8%)
Adenocarcinoma 192 (14-3%)
Adenosquamous carcinoma 50 (3-7%)
Missing 2(0-1%)
FIGO stage
1B1 124 (9-2%)
182 9 (8:9%)
1AL 38 (2-8%)
11A2 31(2:3%)
1B 693 (51-7%)
1A 13 (1-0%)
1B 190 (14-2%)
IVA 34 (2:5%)
IVB 98 (7:3%)
Missing 1(0-1%)
Nodal status
NO 641 (47-8%)
N1 699 (521%)
Missing 1(0-1%)
Data are median (IQR) or n (%). FIGO=The International Federation of
Gynaecology and Obstetrics.
Table 1: Baseline patient and tumour characteristics

had minimal variation when compared with the
Kaplan-Meier estimates (appendix p 7).

In total, 330 grade 3-5 morbidity events (genitourinary,
gastrointestinal, vaginal, fistulas) were observed in
183 (14-6%) of 1251 patients (table 4). The most common
grade 3-5 events (5-year actuarial cumulative incidence)
were fistulae (3-2%, 95% CI 2-2-4-5; 42 events), gastro-
intestinal stenosis (2-8%, 1-9—4-2; 26 events), gastro-
intestinal bleeding (2-2%, 1-4-3-4; 22 events), diarrhoea
(1-9%, 1-2-3-0; 20 events), ureteric strictures (2-9%,
2-1-4-2; 36 events), urinary incontinence (2-2%, 1-4-3-3;
24 events), urinary frequency (1-8%, 1-1-2-8; 19 events),
cystitis (1-3%, 0-8-2-3; 14 events), vaginal stenoses
(4-0%, 2-8-5-7; 36 events), and vaginal mucositis (1-4%,
0-8-2-3; 14 events). In our post-hoc analysis, fistulae
and ureteric strictures were more common in
203 patients with stage IIIA-IIIB cancer (17 fistulae,
10-2%, 95% CI 6-3-16-2; 20 wureteric strictures,
10-8%, 6-9-16-8%; n=31 patients) and in 34 patients
with stage IVA cancer (six fistulae, 18-6%, 7-8-40-6;
six ureteric strictures, 21-3%, 9-8-42-9; n=12 patients)
than in 1005 patients with IB1-1IB cancer with 11 fistulae
(1-3%, 0-7-2-5) and ten ureteric strictures (0-7%,
0-3-1-6; n=19 patients).

In our post-hoc analysis of outcomes by nodal status at
diagnosis, 5-year nodal control was 93% (95% CI 90-95)
in NO and 81% (77-84) in N1 patients. Disease outcome

www.thelancet.com/oncology Vol 22 April 2021
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by FIGO stage,,, and nodal status is provided in the
appendix (p 6).

Discussion

The EMBRACE-I cohort study provides large-scale
prospective clinical evidence of the feasibility and efficacy
of MRI-based IGABT in the treatment of locally advanced
cervical cancer and has generated benchmarks for typical
individual target volumes and achievable target doses for
MRI-based IGABT and for organs at risk, which can be
used as references for research and clinical audit. The
overall local control achieved across all stages (92%, with
a small 95% CI of 90-93) was unprecedented,®"?”
whereas the incidence of severe morbidity was limited
per organ (grade =3, 3-2-8-5%; grade =4 0-5-3-0%), but
considerable overall (grade =3, 18-4%; grade =4, 5-2%),
especially for patients with stage III-IVA disease.

The EMBRACE-I study has served to validate the GEC
ESTRO and ICRU recommendations,*" which were
used for target selection, contouring of organs at risk,
and dose and volume reporting. The protocol adherence
was controlled through a dummy run®and a rigorous
individualised quality assurance programme. 98% of the
patients could be treated by IGABT on the basis of MRI
with individualised target and organ at risk contouring
followed by dose optimisation and multiparametric dose
prescription. As previously published, this strategy
resulted in 41% of the patients (with tumours that were
limited in size and well-responding) receiving a
significant decrease in volume and dose compared with
standard two dimensional brachytherapy,® while main-
taining excellent local control rates, thus alleviating
concerns that MRI-based IGABT might inadvertently
increase the risk of local recurrence. Local control rates
for stage IB-IIB disease are superior to historical series
using two dimensional point A-based brachytherapy.”
Pelvic control in stage IB1 is similar to the best results
from modern surgical series,** despite assumed
negative selection bias for stage IB1 patients undergoing
radiochemotherapy instead of surgery. In 21% of patients,
the treated volume was larger than for traditional point A
prescription to adequately cover large residual tumour at
time of brachytherapy.® For these tumours in particular,
many patients received interstitial needles in addition to
the intracavitary component, which could also explain
the little variation in delivered dose across stages despite
large variations in size or extent of IGABT target volumes.
Consequently, EMBRACE-I shows an absolute improve-
ment in local control or pelvic control in FIGO stage I1IB
disease of about 14-17% compared with values previously
reported with IGABT" and with two dimensional
brachytherapy.” This improvement in local control
observed in EMBRACE-I is probably due to the afore-
mentioned improvements in target contouring, implant
technique, and 3D treatment planning. However, 25% of
the patients still received less than 85 Gy EQD,to the
target volume (CTV,, Dy,,,) which could indicate potential
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Patient cohort (n=1341)

EBRT

Target volume
Pelvic
Pelvic plus paraaortic
Pelvic plus inguinal
Pelvic plus paraaortic plus inguinal
Missing

Technique
Three dimensional conformal
IMRT or VMAT
Missing

Dose to elective target volume, Gy
Missing

Chemotherapy

Concomitant chemotherapy
Cisplatin 40 mg/m’ weekly*
Other

No chemotherapy

Missing

Brachytherapy

Technique
Intracavitary
Combined intracavitary and interstitial
Missing

Dose rate
High
Pulsed
High and pulsed
Missing

CTV,, volume, cm®
Missing

EBRT plus brachytherapy

Cumulative CTV,, D, (EBRT plus brachytherapy), Gy (EQD2,,)
Missing

Overall treatment time, days
Missing

Cumulative bladder D, (EBRT plus brachytherapy), Gy (EQD2,)

2em®
Missing

Cumulative rectum D, (EBRT plus brachytherapy), Gy (EQD2,)

2em®
Missing

Cumulative sigmoid D, (EBRT plus brachytherapy), Gy (EQD2,)

2am’
Missing

Cumulative bowel D, (EBRT plus brachytherapy), Gy (EQD2,)

20w’

Missing

Cumulative rectovaginal point (EBRT plus brachytherapy), Gy (EQD2,)

Missing
Cumulative bladder point (EBRT plus brachytherapy), Gy (EQD2,)
Missing

1099 (82:0%)
204 (15-2%)
23 (1.7%)

12 (0-9%)
3(0-2%)

788 (58-8%)

550 (41-0%)
3(0-2%)

45 (45-46)
3(02%)

1265 (94-3%)

1228 (91-6%)

37 (2-8%)
72 (5-4%)
4(0-3%)

759 (56-6%)
577 (43-0%)
5(0-4%)

57-0%)
41.9%)
07%)
0-4%)
20-40)
0-4%)

764
562

(
(
10
(
(
(

5
28
6

85-94)
0-2%)
42-50)
0-4%)
69-83)
0-2%)
57-68)

90 (
(
(
(
(
(
(
(0-2%)
(
(
(
(
65 (
30
65 (

4
7
6
64 (59-69)
0-2%)
49-67)
0-2%)
5 (60-71)
2:2%)

57-76)
32 (2:4%)

0
3
6
5
6
3
2
3
4
3
58
3

Data are n (%) or median (IQR). IMRT=intensity-modulated radiotherapy. VMAT=volumetric-modulated arc therapy.

CTV,,.= high-risk clinical target volume. D,

'90%

=minimal dose to 90% of the clinical target volume. EBRT=external beam

radiotherapy. EQD2,,=equi-effective dose in 2 Gy per fraction of 10 Gy. D,,,.=minimal dose to the most exposed 2 cm® of
the respective organ. EQD2,=equi-effective dose in 2 Gy per fraction of 3 Gy. *634/1228 received =5 cycles.

Table 2: Treatment characteristics
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Number CTV,, CTV,, Dy, Local  Pelvic Any Patients 5-year local 5-year pelvic  5-year 5-year overall
of volume, EQD2,,Gy failure failure failure dead(n) control control disease-free  survival
patients cm®* (n) (n) (n) (95% C1) (95% C1) survival (95% Cl)
(95% CI)
IB1 124 22(17-27) 91(87-95) 2 6 20 24 98% (94-100)  95% (87-98) 76% (67-83)  83% (75-89)
1B2 119 26(20-38)  89(84-93) 9 18 36 35 92% (84-96)  84%(75-90)  65% (56-73)  73%(64-81)
I1A1 38 23(14-31)  91(85-96) 3 4 6 7 91% (73-97) 88% (71-95)  75% (58-86)  80% (63-90)
I1A2 31 34 (24-42)  87(80-91) 3 6 10 8 89% (68-96)  77%(55-89)  65% (44-79)  74% (53-87)
1B 693 27(19-36) 90(86-95) 55 78 146 152 91%(88-93)  88%(85-90) 73%(69-76)  78%(75-82)
1A 13 30(24-35) 84(82-88) 0 0 2 3 100% 100% 76% (43-92)  76% (42-91)
1B 190 40 (30-56) 88(83-91) 15 24 61 78 92% (86-95)  86%(79-90) 59% (52-66)  64% (57-71)
IVA 34 57(39-89) 86 (78-89) 6 10 17 91% (75-97)  81%(62-91) 47%(28-63)  52% (33-68)
IVB 98 34 (22-47)  89(85-92) 8 16 40 38 89% (79-95) 81% (70-88)  48% (37-58)  61% (49-70)
Total 1341t 28(20-40) 90(85-94) 98 158 331 363f 92% (90-93)  87%(85-89) 68% (65-70)  74% (72-77)
Data are n, median (IQR), or Kaplan-Meier estimates (95% Cl). *Mean dose delivered over all fractions. tOne patient with unknown FIGO stage. FIGO=The International
Federation of Gynaecology and Obstetrics. CTV,,,= high-risk clinical target volume. D,,,.=minimal dose to 90% of the clinical target volume. EQD2,,=equi-effective dose in 2 Gy
per fraction of 10 Gy.
Table 3:CTV,,, volume, and dose and clinical outcomes according to FIGO,,,, stage

Actuarial estimates of local control (%)

Number at risk
(number censored)

IB1
1B2
IIA1
1IA2
1B
A
B
IVA
IVB

100 fT#

T HH | " ;H;EE‘
90+ [ i A FRANE
80
70+

FIGO stage
001 g A
— B2 — 1B
— 1AL — IVA
— lIA2 IVB
509, g
oL
T T T T T 1
0 12 24 36 48 60
Time since diagnosis (months)

124(0) 117 (6) 101 (21) 92 (30) 79 (43) 56 (66)
119 (0) 98 (18) 83(29) 73(39) 63 (49) 52(59)
38(0) 32(5) 27(8) 26(9) 24(11) 19 (16)
31(0) 26 (3) 22(7) 19(9) 15 (13) 11(17)
693 (0) 612 (61) 519 (130) 459 (183) 378 (262) 285 (354)
13(0) 10(3) 8(5) 7(6) 4(9) 4(9)
190 (0) 146 (34) 120 (56) 106 (70) 96 (80) 80 (96)
34(0) 28 (3) 22(9) 17 (14) 15(16) 12(19)
98(0) 78 (16) 62(30) 54(38) 39 (51) 28(62)

Figure 2: Kaplan-Meier estimates of local control and FIGO,,,, stage
FIGO=The International Federation of Gynaecology and Obstetrics.
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for further improvement. According to dose-response
models, 85 Gy EQD, is being used as hard dose constraint
in the ongoing EMBRACE-II study.”

To our knowledge, EMBRACE-I is the first prospective
multicentre study of locally advanced cervical cancer that
investigates treatment-related late morbidity and patient-
reported outcomes in parallel within a longitudinal design.

The EMBRACE Collaborative Group has previously
published morbidity crude and actuarial incidence and
prevalence for physician-reported and patient-reported
outcomes including quality of life.**** The overall and
major organ site-related severe morbidity data (grade =3)
presented here are based on prospective assessment of
multiple endpoints. This comprehensive spectrum of
gastrointestinal, genitourinary, and vaginal morbidity
findings compares favourably with retrospective studies
that are well recognised as underreporting morbidity
overall, particularly for the vagina.®** The actuarial over-
all incidence of severe gastrointestinal, genitourinary,
and vaginal morbidity in EMBRACE-I seems, however,
considerable. For a comprehensive understanding of
morbidity, prevalence of organ-associated morbidity
should be taken into account, and these, as previously
published, are low for EMBRACE I for organ-related
morbidity, with 2% or less for genitourinary and 2% or
less for gastrointestinal during follow-up”* which was
34 times lower than the actuarial incidence. When
comparing specific brachytherapy-associated grade 3 or
worse morbidity assessed in historical cohorts such as
fistula and ureteric strictures,?** these seem to be limited
in EMBRACE I (3-2%, 2-9%) and are especially low for
patients with stage I-II disease (1-3%, 0-7%). Severe
brachytherapy-related morbidity with IGABT is low and is
similar for other organ endpoints (eg, gastrointestinal
bleeding, urinary incontinence, vaginal obliteration)
despite the high doses delivered to the target. This outcome
is probably due to the improved dose adaptation achievable
with MRI-based planning, limiting dose to adjacent organs
atrisk. Fistulae and ureteric strictures remain a therapeutic
challenge in stage IIIA-IIIB (10-2%, 10-8%) and IVA
(18-6%, 21-3%), and appear to be related to tumour
extension at diagnosis.”

The low nodal failure rate in the pelvis alone (with-
out paraaortic failure) in node-negative (4%) and
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Actuarial 5-year cumulative incidence
of grade 3 or higher morbidity (95% Cl)

8-5% (6-9-10-6)

Grade 4 adverse events

Number of events 34 19

27 (22%) 16 (13%)
3-0% (2:0-4-3)

Number of patients

Actuarial 5-year cumulative incidence
of grade 4 or higher morbidity (95% Cl)

*15 vesico-vaginal, 10 recto-vaginal, 4 sigmoid-vagina, 13 other fistulas.

Gastrointestinal Genitourinary Vaginal Fistula* Overall
(gastrointestinal,
genitourinary, vaginal,
and fistula)
Grade 3 adverse events
Number of events 83 93 54 18 248
Number of patients 54 (43%) 59 (4:7%) 50 (4-0%) 13 (1-0%) 128 (10-2%)

6-8% (5-4-8-6)

1.0% (0-6-1-9)

Data are n, n (%), or actuarial cumulative incidence (95% Cl). Adverse events were classified according to the Common Terminology Criteria for Adverse Events,
version 3.0. Data were available for 1251 patients. Grade 5 events are not listed because they were not always allocated to a single organ system.
Eight gastrointestinal events, four genitourinary events, four fistulas, and five septic infections contributed to treatment-related death in 12 patients.

5:7% (4-3-7-6) 3:2% (2:2-4-5) 18:4% (16-0-21-2)

5 24 82
5 (0-4%) 21 (17%) 55 (4-4%)
0-5% (0-2-12) 21% (1-5-3-2) 5:2% (4-0-6-9)

Table 4: Grade 3-4 morbidity

node-positive (10%) patients underlines the efficacy of
nodal radiotherapy (appendix p 6). However, there
appears to be room for improvement of paraaortic nodal
control since two-thirds of nodal failures in node-positive
patients occurred in the para-aortic region with the
majority being outside the elective target volume.”
Increased use of prophylactic para-aortic irradiation in
high-risk node-positive patients is therefore under
investigation in the EMBRACE-II study.” Additionally,
intensification of nodal treatment through a simul-
taneously integrated boost might further decrease nodal
failures.”

Improved local control (and high nodal control) would
be expected to increase survival. However, the design of
EMBRACE I makes it difficult to evaluate the magnitude
of the effect. Historical comparisons of survival with
cohorts treated with two dimensional point A were
challenged by the introduction of concomitant chemo-
therapy about 20 years ago. However, compared with
previous results of IGABT® with a similar stage
distribution, the overall survival at 5 years has improved
in our study from 67% to 74%. Whereas differences in
local control by stage are not significant due to MRI-
based IGABT, there remains a significant difference in
overall survival between more limited stage (IB1-IIB)
and advanced stage (IIIB-IVA) disease, which might be
associated with limited nodal and systemic control.

The main limitation of EMBRACE 1 is the lack of an
unbiased direct comparator. Regarding the single-arm
study design, patient selection is considered as the main
source of potential bias. Baseline demographic and
tumour parameters indicate a typical distribution of these
characteristics for a cohort undergoing primary radio-
chemotherapy in high-income countries. A representative
number of advanced stages (IIIB, IVA, and IVB) is
included. The high rate of concomitant chemotherapy
delivered in EMBRACE-I could suggest some degree of

www.thelancet.com/oncology Vol 22 April 2021

patient selection compared with unselected consecutive
cohorts.*>* However, the inclusion and exclusion criteria
of EMBRACE-I are very similar to trials of concomitant
chemotherapy. Furthermore, the observational character
of EMBRACE-I (EBRT technique and dose, brachytherapy
performance and dose prescription according to
institutional practice) implies the potential for some
variations in EBRT and brachytherapy techniques and
doses by centre and over time within the frame of
the study protocol. However, for EMBRACE-I, these
variations have made it possible to investigate technique
and dose effects for the target and for organs at risk,
which is ongoing research.

MRI-based IGABT in combination with chemoradio-
therapy leads to positive local and pelvic disease control
and survival throughout all stages of locally advanced
cervical cancer, with limited severe organ-related
morbidity. These results compare favourably with
retrospective data from IGABT and data from the era of
point A-based two dimensional brachytherapy and might
be considered a positive development in the treatment of
locally advanced cervical cancer. The benchmarks for
target and organs at risk volumes and doses have been
used to develop an evidence based multiparametric
prescription model being prospectively investigated in
EMBRACE-II together with other improvements,
particularly for EBRT, such as new target concepts, image-
guided IMRT and VMAT, simultaneously integrated
boost for lymph node boosting, and more paraaortic
radiotherapy.” The next step is to identify patient-related,
disease-related, and treatment-related risk factors and
biomarkers for outcome to define risk groups, which can
be used for intensification of multimodality treatment
in high-risk patients and de-escalation of treatment
in low-risk patients (EMBRACE-III). MRI-based IGABT
represents a paradigm shift for the treatment of locally
advanced cervical cancer which affects clinical practice
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and should be used as guidance for future studies of
treatment for this type of cancer.
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