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Centralization of MR image-guided adaptive brachytherapy for cervical
cancer in Austria: feasibility and outcomes
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Abstract

Purpose Magnetic resonance image-guided adaptive brachytherapy (MR-IGABT) is the standard of care for definitive
radiochemotherapy in locally advanced cervical cancer, but radiotherapy departments with sufficient case volume and
unrestricted access to MRI capacity remain limited. This study evaluated the feasibility and outcomes of a nationwide
Austrian model combining decentralized external-beam radiotherapy (EBRT) with centralized MR-IGABT.

Materials and methods This retrospective cohort study included patients with FIGO IB-IVA cervical cancer treated
between 2018 and 2022 who received EBRT * concomitant chemotherapy at external Austrian institutions and were subse-
quently referred to the Medical University of Vienna for brachytherapy. All patients received four fractions of MR-IGABT
with MRI-based target delineation according to GEC-ESTRO recommendations. Primary endpoints were local control
(LC) and overall survival (OS). Secondary endpoints included pelvic lymph node control (PLNC), recurrence-free survival
(RFS), and grade =3 morbidity requiring medical intervention.

Results Eighty-nine patients from nine institutions were analyzed. Median age was 52 years; 54% had T2b disease and
60% nodal involvement, including 17% paraaortic nodes. Median overall treatment time was 50 days, with a median
6.5-day interval between EBRT and brachytherapy. Combined intracavitary/interstitial brachytherapy was used in 87%,
with a median of six needles. The median CTVur D90 was 91 Gy EQD2. After a median follow-up of 36 months, the
estimated 3-year OS was 74%, LC 95%, PLNC 95%, and RFS 65%. Recurrences were predominantly distant. Grade >3
morbidity occurred in 26.1%.

Conclusion Centralized MR-IGABT within a nationwide referral network is feasible and enables guideline-conform,
high-quality cervical cancer treatment in a real-world setting.
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Introduction

Brachytherapy (BT) is an essential component of the treat-
ment of locally advanced cervical cancer. Major conceptual
and technical improvements [1, 2] over the past 20 years
have led to the development of MR image-guided adaptive
brachytherapy (MR-IGABT). MR-IGABT enables adapta-
tion of the brachytherapy dose according to the individ-
ual tumor extent, including the response to external ra-
diochemotherapy preceding BT, and to the patient-specific
spatial location of the surrounding organs. It has demon-
strated superior local control and overall survival and lower
toxicity in comparison to X-ray-based brachytherapy us-
ing applicator-related dose points. Based on the excellent
results of the EMBRACE study [3], the ESGO-ESTRO-
ESP guidelines [4] defined IGABT (preferably with MRI
as the imaging modality) as the standard of care in defini-
tive radiochemotherapy for locally advanced cervical can-
cer. However, despite this success story, implementation
of MR-IGABT is limited outside of radiotherapy depart-
ments with sufficient case volume and unrestricted access
to MRI capacity. Major obstacles to implementing MR-
IGABT are the required infrastructure [5, 6] and expertise
on the one hand, and the relatively low patient numbers in
centers without the respective specialization on the other.
Therefore, centralization of gynecologic brachytherapy ap-
pears to be key to pool resources and offer patients optimal-
quality care. Therefore, the Department of Radiation Oncol-
ogy of the Medical University of Vienna (MUV), as a ma-
jor pioneer in the field of MR-IGABT and leading center
of the EMBRACE studies, initiated collaboration regarding
MR-IGABT services with radiation oncology centers across
Austria in 2018. Herein, we present the feasibility and clin-
ical outcomes of the resulting MR-IGABT centralization in
locally advanced cervical cancer in Austria.

Materials and methods

This retrospective study was conducted at the Department
of Radiation Oncology of the MUV. Ethical approval was
obtained from the institutional ethics committee (EK Nr.
1489/2023). The study analyzed oncologic outcomes in pa-
tients with cervical cancer who had received external-beam
radiotherapy (EBRT) + concomitant chemotherapy at exter-
nal institutions in Austria and were subsequently referred
to the MUYV for brachytherapy between 2018 and 2022.
Eligible patients had histologically confirmed locally ad-
vanced cervical cancer of FIGO 2009 stage IB-IVa and
were treated with definitive radiochemotherapy and MR-
IGABT. Inclusion required completion of EBRT at an ex-
ternal clinic and delivery of brachytherapy at MUV within
the study period. Patients treated entirely at MUV or with
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synchronous malignancies or distant metastases at diagno-
sis were excluded.

Patient referral procedure

External centers were asked to send all relevant available
patient information (histology report, report of gynecolog-
ical examination, staging including [PET-]CT of abdomen
and chest, pelvic MRI) before the start of EBRT to MUV.
The indication for IGABT was checked, and appointments
for BT were scheduled according to the expected com-
mencement of EBRT with/without chemotherapy. If geo-
graphically feasible, patients were also asked to come to
MUV for a gynecologic examination prior to the start or at
the beginning of EBRT. Patients were admitted to the De-
partment of Radiation Oncology of the MUV’s ward 2 days
prior to the first scheduled MR-IGABT to perform preanes-
thetic clearance (blood work, X-ray of the chest, ECG) and
bowel preparation, to repeat MRI for treatment planning,
and to obtain written informed consent.

External-beam radiotherapy

External-beam radiotherapy was performed at the respec-
tive referring centers, which had agreed to follow the
EMBRACE 1II protocol [7] for EBRT and chemotherapy.
In short, treatment planning was based on MRI-defined
primary tumor volumes including internal target volumes
(ITV-T) to account for organ motion and risk-adapted elec-
tive clinical nodal target volumes (CTV-E) of the pelvis+
the paraaortic region + groin, with simultaneously integrated
boosts to affected lymph nodes. Planning target volumes
(PTV) were generated using standardized margins of 5 mm,
and IMRT/VMAT with daily IGRT was mandatory. Treat-
ment was delivered in 25 fractions of 1.8 Gy to 45 Gy to the
elective volumes and 55 or 57.5Gy to nodal boosts. Con-
comitant chemotherapy consisted of weekly cisplatin with
a dose of 40 mg/m? body surface area. The EBRT treatment
plans were sent to MUV for evaluation and dose summa-
tion. This evaluation included the prescribed and delivered
total dose, any additional boost doses, and target coverage.
The contours were not systematically reviewed in detail.
However, structured feedback was provided to the referring
centers when major deviations from the EMBRACE 1I
protocol were identified.

Brachytherapy

All patients underwent four fractions of MR-IGABT at
MUYV using HDR BT with an Ir-192 source. Target vol-
umes followed GEC-ESTRO definitions: residual gross
tumor volume (GTV.), high-risk clinical target volume
(CTVur), intermediate-risk CTV (CTVwr) [2]. Dose pre-
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scription aimed for a total of 290Gy EQD2 (a/B=10Gy) to
90% of CTVur (Dyg). Organ at risk (OAR; a/f=3Gy) soft
constraints for total dose according to the EMBRACE II
protocol [7] were as follows: bladder <80 Gy EQD?2, rec-
tum <65 Gy EQD2, and sigmoid and bowel <70 Gy EQD2.
Applicator type (intracavitary vs. interstitial hybrid) and
number of needles were documented.

Follow-up

All patients were offered follow-up (FU) at MUV. Standard
FU at MUV includes visits after 2 and 6 weeks for clini-
cal examination. Visits thereafter are scheduled at 3-month
intervals for the first 2 years, at 6-month intervals for the
third to fifth years, and at yearly intervals thereafter. Gyne-
cologic examination, morbidity assessment, and blood tu-
mor markers (SCC and CEA) are mandatory at every visit.
Pelvic MRI and thoracic+abdominal CT are performed
alternately, but at least every 12 months during the first
5 years and also yearly thereafter. Due to long traveling
distances from different regions within Austria, FU at local
referring or treating institutions was also possible. However,
all patients were requested to come for at least the 3-month
FU to assess complete remission and then once a year or in
the instance of suspicious findings. Referring centers were
asked to complete FU data of patients who were unable to
attend FU visits at MUV personally. Patients who did not
attend any FU at MUV or at their referring center were
called by phone to ask about possible side effects or recur-
rences.

Data management

Patient data were obtained from the hospital information
system. For parameters not available internally, standard-
ized data-request forms were sent to the referring centers.
Survival status was verified via Statistics Austria (last up-
date April 2026). Telephone follow-up was performed in
February 2024 for patients alive at last contact. All data
were pseudonymized before analysis.

Analysis

The primary endpoints were local control (LC), defined
as the time from the start of EBRT to local recurrence or
last follow-up, and overall survival (OS), defined as the
time from the start of EBRT to death or last follow-up.
Secondary (exploratory) endpoints included pelvic lymph
node control (PLNC); recurrence-free survival (RFS); and
morbidity requiring medical intervention, equaling toxicity
>grade 2 according to the Common Terminology Criteria of
Adverse Events (CTCAE; version 5). Logistical and clinical

feasibility were assessed using the overall treatment time
and CTVgr D90, respectively.

Descriptive statistics were used to summarize patient,
tumor, and treatment characteristics. Categorical variables
were reported as absolute and relative frequencies, continu-
ous variables as mean + standard deviation, median, and in-
terquartile range (IQR). Survival outcomes were estimated
using the Kaplan—Meier method. Statistical analyses were
performed with IBM SPSS Statistics 29.0.2.0 (IBM Corp.,
Armonk, NK, USA).

Results

From 2018 to 2022, a total of 94 patients from 9 national
institutions (Linz, Vocklabruck, Hietzing, Krems, Wiener

Table 1 Patient, treatment, and outcome data. Data are presented

as n/N (%) unless otherwise stated. Percentages were rounded to
whole numbers; denominators reflect available cases where data were
missing.

Value n (%)

Patient and tumor characteristics

Cohort size 89

Median 52 (range 28-87)

Characteristic

Age at treatment initia-
tion, years

Histology Squamous cell carcinoma 73 (85); ade-
nocarcinoma 11 (13); adenosquamous

carcinoma 2 (2)

T1b2 6 (7); T2a 7 (8); T2b 48 (54); T3a 3
(3); T3b 18 (20); T4 6 (7)

Local tumor stage

Lymph node involve- 53 (60)
ment
Paraaortic lymph nodes 15 (17)

Treatment characteristics

Concomitant chemother- 84 (94)
apy

Combined intracavitary/
interstitial brachyther-
apy

Number of needles

Interval from EBRT to
brachytherapy, days

77 (87)

Median 6 (range 2-15)
Median 6.5 (IQR=6)

CTVhr, cm? Median 33 (IQR =25)
Overall treatment time, Median 50 (IQR=7)
days

Outcome

Median follow-up, 50 (OS), 36 (all other)

months

Grade =3 morbidity 23 (26)
requiring medical inter-

vention

Any recurrence 24 (27)

Recurrence pattern Residual disease 1 (1); local 3 (3); pelvic

nodal 4 (4); distant 16 (18)
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Fig.1 Median dose and in-
terquartile range for targets and 175
organs at risk
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Neustadt, Klagenfurt, Feldkirch, Graz, Donaustadt) and
abroad [n=3]) were referred for brachytherapy; 89 (95%)
had primary cervical cancer according to the inclusion cri-
teria and were available for analysis. Patient characteristics
can be found in Table 1. Median age at treatment initia-
tion was 52 years (range 28-87). The majority of patients
(54%) presented with stage T2b. Lymph node involvement
was detected in 60%, with 17% having positive paraaortic
nodes. Most tumors were squamous cell carcinomas (85%).

Fig.2 Kaplan—Meier estimate
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Feasibility of treatment

The median overall treatment time was 50 days (IQR=
7 [45-52]), and the median interval between EBRT and
brachytherapy was 6.5 days (IQR=6 [5-11]). The mean
CTVur was 40cm’® (median 33cm?; range 8.4-141cm?).
The median elective EBRT dose was 45Gy (range 45—
50.4Gy). The majority of patients (87%) underwent com-
bined intracavitary/interstitial brachytherapy; the median
number of needles was 6 (range 2-16). Concomitant
chemotherapy had been administered in 94% of the cases.
The median EQD2 D90 for CTVur was 91Gy (IQR=6

Overall survival
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[87-93]), and the median GTV D98 was 107Gy (IQR=17
[98-115]) EQD2. Median Dicm3 doses to organs at risk were
as follows: bladder 77 Gy (IQR=8 [73-81]), rectum 62 Gy
(IQR=10[57-67]), sigmoid 62 Gy (IQR= 11 [57-68]), and
bowel 59 Gy EQD2 (IQR=16 [52-68]; Fig. 1).

Fig.3 Kaplan—Meier estimate

Outcome

With a median follow-up of 50 months for OS and a me-
dian follow-up of 36 months for the other endpoints, the
estimated 3- and 5-year OS were 74% (95% CI: 64-83%)
and 69% (95% CI: 58-78%; Fig. 2), and 3-year estima-
tions for LC were 95% (95% CI: 89-99%; Fig. 3), for
PLNC 95% (95% CI: 89-99%), and for RFS 65% (95%
CI: 54-79%; Fig. 4). Recurrences predominantly occurred
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Fig.4 Kaplan—Meier estimate
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as distant metastases (Table 1). Only one patient had per-
sistent local disease.

Twenty-three patients (26%) experienced grade =3 mor-
bidities requiring medical intervention. The most frequent
events were hydronephrosis (7%), anemia requiring trans-
fusion (6%), bladder toxicity (6%), vaginal stenosis (5%),
and vesicovaginal fistula (3%).

Discussion

This analysis with data from the majority of Austrian ra-
diotherapy departments suggests that centralization of MR-
IGABT for locally advanced cervical cancer is feasible and
results in oncologic outcomes comparable to those achieved
in prospective international trials [3]. With a 3-year local
control rate of 95% and overall survival of 74%, the present
data align closely with the landmark EMBRACE 1 study,
which reported 5-year local control rates of 92% and 5-year
overall survival of 74% in the entire cohort [3]. Importantly,
the outcomes presented here were achieved in a real-world
referral setting, in which EBRT was delivered across nine
institutions and brachytherapy centralized at a single ter-
tiary center. The high proportion of combined intracavi-
tary/interstitial applications (87%) was slightly higher than
in EMBRACE II (74%) [8], which reflects the advanced
stage distribution (30% T3/T4 tumors) and underscores the
need for specialist expertise concentrated within centralized
centers.

A comparable referral-based model was reported by Ben-
tahila et al., in which patients received EBRT in French
overseas territories and were referred to Gustave Roussy
for IGABT [9]. The 2-year local control rate was 94.6%,
supporting the feasibility of centralized brachytherapy, al-
though the median overall treatment time of 60.5 days high-
lighted the importance of early referral and structured co-
ordination.

Prolongation of the overall treatment time beyond
7-8 weeks has consistently been associated with infe-
rior local control [10] and overall survival [11] in cervical
cancer. In the present study, the median interval between
EBRT and brachytherapy was 6.5 days, and the median
overall treatment time was 50 days (IQR=7 [45-52]),
remaining within the recommended threshold of 56 days
[12], a benchmark emphasized in EMBRACE analyses
and formalized in the EMBRACE II protocol [7]. These
findings support the feasibility of structured coordination
between referring institutions and the brachytherapy center,
which was associated with maintenance of recommended
treatment timelines.

The EMBRACE 1 cohort, comprising 1341 patients
treated with IGABT between 2008 and 2015, demonstrated
a 5-year local control rate of 92%, pelvic control of 87%,
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cancer-specific survival of 84%, and overall survival of
74% [3]. In patients with FIGO stage IIB-IIIB disease,
5-year overall survival ranged between 65% and 80%,
depending on nodal status. The present 3- and 5-year over-
all survival of 74% and 69% therefore completely aligns
within the expected survival range of this stage distribution,
particularly considering that 60% of patients in our cohort
had nodal involvement and 17% paraaortic disease.

Direct comparison to EMBRACE 1 in terms of toxic-
ity (>G2: 14.6%) must be interpreted cautiously, as EM-
BRACE I toxicity reporting focused primarily on late mor-
bidity, whereas the current cohort included both acute and
late events. Moreover, the advanced disease burden and
real-world follow-up structure may partially explain the
observed differences. Nevertheless, the toxicity profile re-
mains within an acceptable range in view of the achieved
tumor control.

Consistent with EMBRACE I, where distant metastases
represented the predominant mode of failure despite excel-
lent local control [3], the present cohort had an estimated
3-year recurrence-free survival of 65%, with recurrences
mainly occurring distantly. This observation reinforces the
concept that modern MR-IGABT has largely optimized lo-
cal tumor control, and further outcome improvements will
likely depend on advances in systemic therapy rather than
additional local dose escalation. Recent guideline updates
from ESGO-ESTRO-ESP [4] emphasize the integration of
optimized radiochemotherapy as the backbone of treatment.

EMBRACE 1I further refined dosimetric aims, recom-
mending CTVir D902=90Gy EQD2 while maintaining
strict organ at risk constraints [7]. In the present cohort,
the median CTVyr D90 was 90.5Gy EQD2, and median
D2cm3 doses were 77 Gy for bladder, 62Gy for rectum,
62Gy for sigmoid, and 59Gy for bowel. These values
demonstrate adherence to EMBRACE II overall dose ob-
jectives despite decentralized EBRT delivery, underscoring
the robustness of centralized brachytherapy planning and
dose summation. However, the overall clinical outcome
in our cohort was less favorable than that reported for
EMBRACE 1I [13]. This suggests that while dosimetric
robustness was preserved, outcome differences are likely
influenced by additional factors such as patient and disease
characteristics, treatment duration, and the challenges of
coordinating multimodality treatment across institutions.

The present findings provide empirical support for cen-
tralized MR-IGABT networks in countries with distributed
patient populations and limited case numbers per institu-
tion and may also serve as a benchmark for larger countries
with a well-developed radiotherapy infrastructure. A key
prerequisite for achieving favorable outcomes in a central-
ized gynecological brachytherapy setting is close and well-
structured collaboration between the referring and treating
institutions. Ideally, patients should be discussed before the



Strahlentherapie und Onkologie

start of treatment, with coordinated treatment planning and
presentation in a multidisciplinary tumor board. To further
support patient-centered care and continuity, some centers
offered the possibility for patients to be accompanied by
their treating physicians from the referring hospital dur-
ing brachytherapy at the centralized center. MR-IGABT re-
quires MRI availability at each fraction, radiation oncolo-
gist expertise in GEC-ESTRO contouring, interdisciplinary
experience with interstitial techniques for implantation and
dose plan optimization, and competence in cumulative dose
calculation. In addition, dedicated medical physicists with
expertise in MR-based applicator reconstruction, treatment
planning, and image-guided quality assurance are essential.
A robust and meticulously quality-assured hypofractiona-
tion workflow is also required, including stable implant ge-
ometry, repeated MR verification, organ filling protocols,
and tightly coordinated treatment processes. Moreover, cen-
ters must have access to a broad range of complex appli-
cators for diverse clinical scenarios, as well as the abil-
ity to adapt the applicator choice and technique creatively
in nonstandard situations. Mastery and availability of tran-
srectal ultrasound during applicator insertion further sup-
port accurate placement, while optimized MR sequences
and radiotherapy-driven MR quality assurance are crucial,
particularly for MR-only brachytherapy workflows. Finally,
a complex infrastructure of operating room availability, ded-
icated nursing, specialized radiotherapy technicians, dedi-
cated anesthesiologists, and secure standardized data ex-
change between centers is necessary. In low-volume cen-
ters, maintaining this level of expertise and infrastructure
may be challenging. Centralizing cases within specialized
centers enables accumulation of procedural experience, pro-
tocol adherence, and systematic quality assurance. In ad-
dition, centralized treatment may have the potential to im-
prove resource utilization and may represent a cost-efficient
healthcare model. However, centralization may also have
unintended consequences, including erosion of brachyther-
apy expertise in nonspecialized centers and reduced expo-
sure to the technique for future generations. These potential
drawbacks highlight the need for network-based collabor-
ation, structured training pathways, and shared educational
initiatives.

This study has several notable strengths. First, it rep-
resents a nationwide real-world cohort including patients
referred from nine Austrian institutions, thereby reflecting
daily clinical practice beyond a single-center experience.
Second, follow-up was mature, with a median duration of
36 months, thus allowing meaningful assessment of inter-
mediate-term oncologic outcomes. Third, adherence to EM-
BRACE II dose objectives and systematic central dose sum-
mation ensured high-quality dosimetric consistency across
cases. Fourth, the high proportion of hybrid intracavitary/
interstitial applications supports the notion that technically

demanding procedures were feasible within a centralized
structure. Finally, the structured collaboration between de-
centralized EBRT centers and a single brachytherapy cen-
ter provides a practical and reproducible blueprint that may
serve as a model for other healthcare systems.

The retrospective nature of this study limits causal in-
ference, and referral and selection bias cannot be excluded.
Only patients who were successfully referred to and treated
at the central brachytherapy center were included, while
information on potentially eligible patients who were not
referred, declined referral, or were treated locally was
unavailable. In addition, some baseline characteristics, in-
cluding ECOG performance status, tumor size, and comor-
bidities, were not consistently available. Although EBRT
was recommended according to EMBRACE II standards,
heterogeneity between referring institutions cannot be fully
excluded. Toxicity was assessed retrospectively, partly
through referring centers or telephone follow-up, preclud-
ing a reliable distinction between acute and late events.
Some toxicities may also have reflected pre-existing or
tumor-related conditions. Follow-up duration remained
shorter than the 5-year EMBRACE benchmark. Nonethe-
less, the consistency of survival and local control outcomes
with prospective international data strengthens the validity
of the findings.

Conclusion

The Austrian model suggests that centralized brachytherapy
alongside decentralized EBRT is feasible and can achieve
high-quality, guideline-conform treatment and oncologic
outcomes consistent with international benchmarks in a na-
tionwide referral setting. This approach has the potential
to improve resource utilization and represents a feasible
model for national MR-IGABT networks.
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