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Abstract

Background and purpose: Chemoradiotherapy (CRT) followed by a brachytherapy (BT) boost is the standard of
care for patients with locally advanced or recurrent gynecological cancer (LARGC). However, not every patient is suit-
able for BT. Therefore, we investigated the feasibility of an MR-guided SBRT boost (MRg-SBRT boost) following CRT of
the pelvis.

Material and methods: Ten patients with LARGC were analyzed retrospectively. The patients were not suitable for
BT due to extensive infiltration of the pelvic wall (10%), other adjacent organs (30%), or both (50%), or ineligibility
for anesthesia (10%). Online-adaptive treatment planning was performed to control for interfractional anatomical
changes. Treatment parameters and toxicity were evaluated to assess the feasibility of MRg-SBRT boost.

Results: MRg-SBRT boost was delivered to a median total dose of 21.0 Gy in 4 fractions. The median optimized PTV
(PTV,p0 size was 43.5ccm. The median cumulative dose of 73.6Gy,, was delivered to PTV,,. The cumulative median
D2ccm of the rectum was 63.7 Gy; bladder 72.2 Gy; sigmoid 65.8 Gy; bowel 59.9 Gy (EQD2;). The median overall treat-
ment time/fraction was 77 min, including the adaptive workflow in 100% of fractions. The median duration of the
entire treatment was 50 days. After a median follow-up of 9 months, we observed no CTCAE > °Il toxicities.

Conclusion: These early results report the feasibility of an MRg-SBRT boost approach in patients with LARGC, who
were not candidates for BT. When classical BT-OAR constraints are followed, the therapy was well tolerated. Long-term
follow-up is needed to validate the results.
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the management of patients with non-metastasized
recurrent gynecological cancer remains a challenge. If
chemoradiotherapy followed by BT boost has not been
performed before, this could be a treatment option
to prevent extensive surgical resection, such as pelvic
exenteration.

Even though the utilization of a sequential BT boost
improves the outcomes in patients with locally advanced
or recurrent gynecological cancer (LARGC) [2-4], not
every patient is suitable for a BT boost due to the extent
or localization of the tumor, bone infiltration, infiltration
of the pelvic wall or adjacent organs, or in multimorbid
patients, who cannot undergo anesthesia.

As an alternative, the application of a stereotactic body
radiotherapy (SBRT) boost delivered with cone beam
computed tomography (CBCT) as image guidance and a
linear accelerator (LINAC) has been performed in previ-
ous studies [5, 6]. However, due to the reduced soft tissue
contrast, it remains challenging for the radiation oncolo-
gist to differentiate between tumor and normal tissue
based on CBCT. As it is important to deliver high doses
to the high-risk clinical target volume (HR-CTV) while
sparing critical organs at risk (OAR), the use of high pre-
cision radiotherapy becomes indispensable.

Magnet resonance imaging (MRI) provides superior
soft tissue contrast compared to CBCT. MRI-guided lin-
ear accelerators (MR-Linac) have incorporated an MRI
scanner into a radiation therapy delivery system, allow-
ing an improved visualization of gynecologic tumors and
OAR [7, 8]. Online MR-guided radiotherapy (MRgRT)
also provides the opportunity to adapt the treatment
plan to interfractional anatomical changes and monitor
intrafractional motion [9-11], making this method a con-
siderable option for patients with LARGC, who are not
eligible for BT. In the present study, we investigated the
feasibility and safety of an MRg-SBRT boost following
EBRT.

Methods

Patients

Ten consecutive patients with non-metastatic LARGC
and ineligibility for BT were treated between 03/2020 and
03/2021. The median age at the beginning of treatment
was 56 years (range, 33—82 years). Five patients (50%) had
recurrent cervical cancer, 2 patients (20%) had a locally
advanced cervical cancer, and 3 patients (30%) had locally
advanced recurrent vaginal cancer.

BT eligibility was assessed for all patients by an expe-
rienced brachytherapist specialized in gynecological
tumors. In the setting of recurrent disease, a biopsy was
obtained before the treatment. The decisions for the
treatment approach was made by an interdisciplinary
tumor board. Patients underwent MRI and FDG-PET/
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CT and gave informed consent prior to therapy. The
patients were not suitable for BT due to: extensive infil-
tration of the pelvic wall alone in 10%, extensive infiltra-
tion of other organs/structures (urethra, rectum, sigma,
ureter, pelvic floor, and bladder) in 30%, and both infiltra-
tion of the pelvic wall and adjacent organs in 50% (Fig. 1).
The BT boost could not be performed in one patient
(10%) due to ineligibility for anesthesia and multiple
comorbidities. Patient characteristics are summarized in
Table 1. This retrospective analysis was approved by ethic
committee of the LMU Munich on record number EK
20-291.

Concurrent chemoradiotherapy

EBRT of the pelvic (80%) and paraaortic lymphatics (20%)
was applied using a volumetric modulated arc therapy
(VMAT) technique and a dose per fraction of 1.8 Gy to
a total dose of 45.0 Gy. A simultaneous integrated boost
(SIB) to the primary tumor was given in 4 patients with
a total dose of 50.0-55.0 Gy in 25 fractions, while 2
patients received a sequential boost to the primary tumor
with a total dose of 10.0-16.0 Gy in 2.0 Gy per fraction.
Moreover, a SIB to positive lymph nodes was given in 3
patients to a total dose of 55.0-57.5 Gy in 25 fractions.
Nine patients (90%) received concurrent chemotherapy
with cisplatin 40 mg/m? weekly, with a median of 5 cycles
(range: 4-5 cycles), while carboplatin AUC 2-3 weekly
was given in 1 patient due to chronic renal insufficiency
for 3 cycles. Treatment parameters of chemoradiotherapy
are summarized in Table 2.

MRg-SBRT boost

A diagnostic MRI of the pelvis was performed at the 4th
week of EBRT to assess early response to chemoradio-
therapy. The SBRT boost was performed using a 0.35 T
hybrid MR-Linac (Viewray Inc., Mountain View, CA).

Treatment simulation

Simulation of the MRg-SBRT boost was conducted a
week before the treatment. All patients were required to
empty the rectum (using an enema, if necessary). Scopol-
amine butylbromide (Buscopan) was given 30 min before
the simulation to reduce bowel movements and improve
the quality of MR imaging. We administered ultrasound
gel to dilate the vagina and allow a better visualization of
the vagina and tumor.

Patients were then immobilized in the supine posi-
tion with the arms parallel to the body or above the head
using a dedicated positioning device (MRI Wing step,
ITV, Innsbruck, Austria). The MRI surface receive coils
were located anteriorly and posteriorly to the patients.
The MRI scan was performed using true fast imaging
(TRUFI)-sequences in free-breathing (FB). A standard
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EQD2=750Gy,,

infiltration of the uterus, the right ovary and the rectum. She received a MR-guided SBRT boost to the PTV.
5 Gy and total dose of 20 Gy g.a.d (total EQD2=69.3Gy,). B 57 y/0 patient with the diagnosis of cT4 cervical cancer with infiltration of the rectum
and the pelvic floor. She was treated with a MRg-SBRT boost of 28 Gy in 4 fraction dose g.a.d to the PTV
EQD2 =83.9Gy,,. €47 y/o patients with recurrent cervical cancer that extended to the presacral region, through the sciatic foramen, with erosion
of the ileum bone and infiltration of sciatic nerve. The MRg-SBRT boost was performed with 20 Gy a 5 Gy g.a.d to the PTVop (126.73 ccm), total

Fig. 1 A-C A 33 y/o patient with recurrent cervical cancer extending from the recto-sigmoidal junction to the upper third of the vagina with

opt (131.35 ccm) with a single dose of

oot (89.97 ccm) resulting in a cumulative

planning CT was acquired subsequently using the same
patient positioning to obtain electron density informa-
tion. Both MRI and CT imaging were co-registered using
a deformable registration algorithm.

Target volume and organs at risk (OAR) delinea-
tion were adapted from the BT recommendations of
the Gynaecological GEC-ESTRO Working Group [12].
In case of primary cervical cancer, the high-risk clinical
target volume (HR-CTV) was defined as macroscopic
tumor and the remaining cervix [13]. In the recurrent
setting, we defined the HR-CTV as macroscopic tumor
and adjacent areas considered to contain microscopic
spread. The HR-CTV was expanded 5 mm isotropically
to generate the planning target volume (PTV). After-
wards, an optimized PTV (PTV,,) was obtained from
subtracting organs at risk (OAR) with a 3 mm isotropic
expansion from the PTV. We applied the currently rec-
ommended BT-constraints for OARs [14].

Treatment delivery

The aforementioned patient preparations were also
required prior to each treatment delivery. An MRI scan
was obtained thereafter using TRUFI-sequences. As part
of the daily online-adaptive workflow, we re-contoured
the target volumes and OARs to adapt for interfractional
changes. A new radiation plan was subsequently opti-
mized based on predefined constraints and current ana-
tomical variations.

During the treatment delivery, we monitored target
volume and OAR motion using continuous, real-time 2D
Cine MRI in a sagittal plane. We defined a gating bound-
ary contour by expanding the GTV 3 mm isotropically.
Using a deformable registration-based tracking algo-
rithm, the beam was gated automatically. The maximum
percentage of GTV, which is allowed to be outside the
boundary region, was 5%. Above this threshold, the sys-
tem stops the beam automatically [15].
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Table 1 Patients characteristics

No Age Diagnosis Reason for BT boost ineligibility Outcome after > 3 months after therapy

1 33 Recurrent cervical cancer Infiltration of the pelvic wall. Tumor extended from PD 6 months after therapy with distant metastasis
the recto-sigmoidal junction to the upper third of the
vagina with infiltration of the uterus, the right ovary
and the rectum

2 47  Recurrent cervical cancer Infiltration of pelvic wall, presacral region, through the PR
sciatic foramen. Erosion of the ilium and infiltration of
the sciatic nerve

3 56 Recurrent cervical cancer Infiltration of the urinary bladder wall. The tumor CR of local tumor. One lymph node metastasis
circumscribed the left ureter and extended to the inguinal right; outside radiation field
sigmoid

4 56  Recurrent cervical cancer Infiltration of the pelvic wall and left ureter CR

37 Recurrent cervical cancer Infiltration of the pelvic floor, ureter, paravaginal region  CR

and sigmoid

6 70  Recurrent vaginal cancer Infiltration of the pelvic floor CR

7 43 Recurrent vaginal cancer Contact with rectosigmoid junction and left ovary PR

8 63  Recurrent vaginal cancer Infiltration of the urethra CR

9 57 1stdiagnosis of cervical cancer Infiltration of the pelvic floor and rectum (cT4) CR

10 82  1stdiagnosis of cervical cancer not suitable for anesthesia PD, distant metastases 7 months after therapy

PD progressive disease, PR partial remission, CR complete remission

Table 2 Treatment parameters

Treatment parameters

Median (range)

EBRT

Dose of pelvic irradiation

SIB to primary tumors (n=4)

Sequential boost to the primary tumor (n=2)

Total dose of primary tumor and pelvic/paraaortic lymphatic pathways
SIB to positive lymph nodes (n=3)

Concurrent chemotherapy with cisplatin 40 mg/m? weekly (n=9)
Concurrent chemotherapy with carboplatin AUC 2 weekly (n=1)
MR-guided SBRT boost

Dose per fraction

45.0 Gy in 25 fx
50.0-55.0 Gy in 25 fx
10-16 Gy in 2 Gy/fx
450 Gy (45.0-55.0 Gy)
55.0-57.5 Gy

5 cycles (4-5 cycles)

3 cycles

52 Gy (40-7.0 Gy)

Total dose 21.0 Gy (8.0-28.0 Gy)
HR-CTV 35.2ccm (12.1-111.75 ccm)
PTVopt 435 ccm (24.2-131.35 ccm)
Net beam on time/fraction 5.6 min (1.53-11.67 min)

Overall treatment time/fraction
Rectum D2ccm (EQD2;)
Bladder D2ccm (EQD25)
Sigmoid D2ccm (EQD25)

Bowel D2ccm (EQD25)
Combined treatment (EBRT + MR-guided SBRT boost)
Cumulative total dose (EQD2,)
Rectum D2ccm (EQD2,)
Bladder D2ccm (EQD25)
Sigmoid D2cecm (EQD25)

Bowel D2ccm (EQD25)

Overall treatment time (OTT)

77 min (44.0-89.5 min)
17.6 Gy; (1.5-24.9 Gys)
254 Gy; (5.1-35.2 Gys)
174 Gy, (0.3-24.9Gy5)

11.6 Gy; (0.3-23.6 Gys)

73.6 Gy (69.3-83.9 Gy, ()
63.7 Gy; (51.5-72.6 Gy,
72.2 Gy; (59.7-83.6 Gy,
65.8 Gy (43.9-69.0 Gy,
59.9 Gy, (47.7-70.0 Gy,
50 days (39-56 days)

)
)
)
)

Fx fractions
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Biologically equivalent doses in 2 Gy per fraction
(EQD2) were applied to sum up the total dose from
EBRT and the MRg-SBRT boost. EQD2 of normal tissue
was calculated with «/B=3 Gy and EQD2 of tumor was
obtained with a/B =10 Gy.

Statistical analysis

Patient demographics were calculated using descrip-
tive statistics as absolute and relative frequencies. Treat-
ment parameters and toxicity were evaluated to assess
the feasibility of MRg-SBRT boost. Statistical analyses
were done with IBM SPSS Statistics, Version 26 (IBM,
Armonk, New York, USA).

Results

Treatment parameters

The MRg-SBRT boost was delivered every other day
(g.a.d). The median of applied fractions was 4 (range:
2—4 fractions). The median dose per fraction was 5.2 Gy
(range: 4.0-7.0 Gy) and median total dose was 21.0 Gy
(range: 8.0-28.0 Gy). The median HR-CTV volume
was 35.2 ccm (range, 12.1-111.75 ccm) and the median
size of PTV,,, was 43.5 ccm (range: 24.2-131.35 ccm).
The cumulative total dose of the combined treatment
(EBRT + MR-boost) of the PTV,,, was in median 73.6 Gy
(range: 69.3-83.9 Gy EQD2,,). The rectum received a
cumulative median D2ccm of 63.7 Gy, (range: 51.5-72.6
Gy,) and the median cumulative D2ccm of other OARs
were as follows: 72.2Gy; (range: 59.7-83.6Gy,) for blad-
der; 65.8Gy; (range: 43.9-69.9 Gys;) for sigmoid; and
59.9 Gy, (range: 47.7-70.0 Gy;) for bowel. The median
net beam on time/fraction was 5.6 min (range: 1.53—
11.67 min), and the median overall treatment time/frac-
tion was 77 min (range: 44.0-89.5 min), including the
adaptive workflow which was applied in 100% of frac-
tions. The median duration from the beginning of EBRT
to the last SBRT fraction was 50 days (range: 39-56 days).
All treatment parameters are summarized in Table 2.

Outcomes

With a median follow-up of 9 months (range,
8-19 months), a complete response (CR) was observed in
6 patients (60%), while local control was reported for 9
patients (90%). One of the 6 patients with CR developed
inguinal lymph node metastases outside the radiation
field within 12 months after the end of the MRg-SBRT
boost. The patient received a salvage radiation treat-
ment of the right inguinal lymphatic pathways with SIBs
to lymph node metastases and is currently with no evi-
dence of disease. Partial remission was seen in 2 patients,
while a progression was reported in 2 patients: 1 patient
developed distant metastases to mediastinal lymph
nodes 7 months after the treatment, without locoregional
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recurrence; while 1 patient developed a local progression
in the pelvis as well as distant metastasis within 6 months
after therapy. These two patients were treated with sal-
vage systemic therapy. Patient outcomes are described in
Table 1.

Toxicity

Toxicities were reported according to the Common Ter-
minology Criteria for Adverse Events (CTCAE) v. 5.0. At
the end of pelvic EBRT, diarrhea CTC"I was reported in
3 patients (30.0%), proctitis CTC’I in 2 patients (20.0%),
pollakisuria CTC’I in 2 patients (20.0%), dysuria CTC"I-
II in 6 patients (60.0%), nycturia CTCI-II in 5 patients
(50.0%), urinary urgency CTC°I-II in 4 patients (40.0%),
and dermatitis CTC’I-II in 2 patients (20.0%). No adverse
events > grade III were observed. There were no worsen-
ing of aforementioned acute toxicities after MRg-SBRT
boost.

More than 3 months after MRg-SBRT boost, we
observed CTC’I nycturia (40%), CTC°I dysuria (30%),
and CTC’I urinary urgency (30%) as the most common
side effects. Toxicities are summarized in Table 3.

Discussion

In the present analysis we reported the early results of
patients LARGC, who were ineligible for a sequential BT
treatment and alternatively treated with an MRg-SBRT
boost.

To date there are limited studies, which investigated
the role of an EBRT boost in patients ineligible for BT.
Barraclough et al. analyzed 44 patients with cervical can-
cer, who were not suitable for BT and therefore received
a conventionally fractionated EBRT boost subsequently
to pelvic irradiation. The EBRT boost was delivered with
a total dose of 15.0-25.0 Gy in 8-10 fractions, resulting
in a cumulative dose of 54.0-70.0 Gy. Even though late
grade 3 toxicity was only seen in 2% of patients, recur-
rent disease was reported in 48% of the patients after a
2.3 year follow-up. The high recurrence rate was due
to insufficient dose coverage in the large boost volume
(median: 228 ccm) and dose limitations of the rectum,
bladder and small bowel [16].

Other retrospective studies reported their experience
on using SBRT to mimic BT in patients with LARGC,
ineligible for BT. SBRT could be advantageous over con-
ventionally fractionated EBRT, because of its ability to
deliver higher dose to the tumor, and reduce the dose
exposure of OAR at the same time. Guckenberger et al.
evaluated the outcome of an SBRT boost after 50.0 Gy
whole pelvic radiation in patients with LARGC. The
SBRT boost was delivered with a total dose of 15.0 Gy
in 3 fractions. There were no OAR dose exposure data
regarding DO0.1 ccm, Dlcem, and D2 cem of the rectum.
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Table 3 Acute toxicity during and 3 months after EBRT followed by MRg-SBRT boost, according to Common Terminology Criteria for

Adverse Events (CTCAE) v. 5.0

Toxicity Acute > 3 months after SBRT
Gradell Gradelll Grade > Il Gradel Gradelll Grade >l
Diarrhea 3 1
Proctitis 2 1
Pollakisuria 2 1
Dysuria 5 1 3
Nycturia 5 4
Urinary urgency 4 3
Urinary incontinence 1 1
Vaginal discharge 4 2
1

Dermatitis 1 1

It was assumed the parts of the rectum receiving a higher
dose in SBRT, were also fully exposed to EBRT of the pel-
vis. Despite the excellent local control rate of 81% after
3 years, grade> 3 late sequelae were reported in 25%.
Among 16 patients, 10.5% patients developed grade 4
intestinovaginal fistulae and 5.3% patients developed
grade 4 small bowel ileus after a median follow-up of
22 months. Patients, who developed grade 4 intestino-
vaginal fistulae, received a higher dose to the rectum
(Dpax 80—100 Gy EQD2;). Other factors that caused the
high rate of toxicities were large target volumes (median
PTV volume: 92 ccm), and the invasion of the pelvic wall
in most of the patients [17].

Another more recent study from Albuquerque et al.
analyzed 15 patients with locally advanced cervical can-
cer (LACC), who were unable to receive BT and were
treated with a SBRT boost. A total dose of 28.0 Gy in
4 fractions was delivered to the PTV. The median PTV
volume was 139 ccm, which was larger than the median
PTV volume in the present study. The rectum received a
median total dose of 90.6 Gy (D2ccm, EQD2,), which was
much higher compared to our study. Similar to Gucken-
berger et al., they also reported 26.7% grade >3 toxici-
ties, mostly rectal ulcers or rectovaginal fistulae related to
patients with very large tumors. Two of these patients
(13%) died from sepsis and bleeding after refusing colos-
tomy [18]. Comparable rates of grade 2-3 toxicities were
reported by Kubicek et al. despite a smaller boost volume
[6].

Although the current National Comprehensive Can-
cer Network (NCCN) Guidelines for the treatment of
cervical cancer do not recommend SBRT as an appro-
priate routine alternative to BT [19], SBRT boost
might remain a salvage option in patients unable to
receive BT. In the current study, a combination of pel-
vic EBRT and MRg-SBRT boost was well tolerated with

encouraging early results. Due to superior soft tissue
contrast, the use of MR-guidance allowed for better
visualization of normal and tumor tissue compared to
CBCT. Gynecological cancers are well known to have
large inter-fraction movements due to different fill-
ing or surrounding organs [20]. The sequential MRIs
during the SBRT boost enables to adjust not only the
tumor and OAR volumes based on daily anatomy, but
also to capture inter-/ intrafraction movement, and to
re-optimize the treatment plan accordingly. Hence, we
were able to maximize dose to the target volume, while
sparing the OARs [21]. However, the authors would
like to emphasize that MRg-SBRT should never replace
the treatment of choice—which is and will remain
brachytherapy.

Regarding the tumor volume, we reported smaller
median PTVs than in the previous studies from Guck-
enberger et al. and Albuquerque et al. [17, 18], none-
theless the PTVs are comparable to other similar
studies [6, 22]. In order to preserve the OARs and pre-
vent high rates of toxicity, the median cumulative dose
to the PTV was lower than the recommendation in the
EMBRACE II protocol [14]. It has been reported in a
previous study, that the Dlccm, as well as D2ccm of
the rectal wall are predictive for chronic rectal toxicity,
moreover applying traditional dose multimodal con-
cepts of EBRT and BT resulted in acceptable late tox-
icities of 10-15% [23]. The results from the prospective
multicenter EMBRACE study showed that D2ccm of
the rectum < 65.0 Gy was correlated with less frequent
rectal morbidity [24]. Therefore, we followed all classi-
cal constraints from brachytherapy (EMBRACE II pro-
tocol) regarding rectum, bladder, sigmoid and bowel.
More than 3 months after the MRg-SBRT, we found
30% grade 1 dysuria, 40% grade 1 nycturia, 30% urinary
urgency, but no grade > 2 toxicities.
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With an early median follow-up of 9 months, we
observed a local control rate of 90% with 6 patients
with CR, 2 patients with PR, and 2 patients with PD.
The patient with a locoregional progression also devel-
oped distant metastases 6 months after the therapy.
She had the largest tumor volume among all patients
(PTV =131.35 ccm), with infiltration of the pelvic wall
and other adjacent organs. This finding is in accordance
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with Jjaz et al., who reported extension to the pelvic
wall as a negative prognostic factor for survival [25].
Some other retrospective studies analyzed the utiliza-
tion of a SBRT boost in patients ineligible for BT. There
were heterogeneous results in terms of toxicity and out-
come. Unknown tumor volume, different radiation tech-
niques and fractionation schedules make it difficult to
compare them to our results [5, 6, 17, 18, 22, 26-29]. A
summary of the current literature is described in Table 4.

Table 4 Summary of literatures on SBRT boost in patients ineligible for BT

Study Number of patients  Total dose of SBRT ~ Median Median Toxicity Outcome
and diagnosis boost/number of PTV follow up after > 3 months after
fractions (Gy/fx) (ccm) (months) therapy
Albuquerque et al. 15 LACC 28/4 139 n/a 26.7% G3 rectal ulcer/  2-yr LC 70.1%
(2019) fistula 2-yr PFS 46.7%
2-yr OS 53.3%
Kubicek et al. (2013) 3 recurrent cervical 25/5 92 14 18% acute G2 dysuria 3 patients died (2 with
cancer; and Gl toxicity recurrent cervical

4 LACC; 9% G3 late Gl-toxicity ~ cancer, 1 patient with

2 endometrial cancer; (rectal bleeding) LACQ)

2 vaginal cancer 1 patient had local
recurrence 3.5 years
after SBRT

Haas et al. (2012) 6 LACC 20/4 n/a 14 No toxicities No local recurrence
19.5/3
Molla et al. (2005) 9 endometrial cancer ~ 14/2 n/a 126 No > G3 acute toxici- 6% recurrence after
7 cervical cancer 20/5 ties 12.6 months
Late toxicities:
6% G3 Gl-toxicities
(rectal bleeding)
6% G1 abdominal
pain
38% G1 sexual toxicity
(vaginal dryness, syn-
echiae, dyspareunia)
Guckenberger et al. 16 recurrent cervical 15/3 92 22 10.5% G4 intestino- 3-yr OS 34%
(2010) cancer and endome- vaginal fistulae 3-yr LC81%
trial cancer 5.3% G4 small bowel
ileus
Kemmerer et al. (2013) 11 unresectable 30/5 n/a 10 No late toxicity 1-yr FFP 68%
endometrial cancer
(stage I-II)
Higginson etal. (2011) 5 (1 endometrial can-  20/5 n/a 11 20% G3 rectal bleed- 4 patients died. 1

cer, 2 vaginal cancer, 25/5 ing patient had no evidence

1 cervical cancer, 1 16/4 of disease

urothelial carcinoma)

Marnitz et al. (2013) 11 LACC 30/5 489 6 No G3 GU and GI No local recurrences
acute toxicity after 6 months
Ito et al. (2019) 6 LACC 19.5/3 n/a 17 No G3 toxicities 100% LC at last follow-
21/3 up
22.5/3 1 distant metastasis at
last follow-up
Our study (2021) 5 recurrent cervical 21.0/4 435 9 No G3 toxicities 6 CR
cancer 2 PR
2 LACC 2PD

3 recurrent vaginal
cancer

LACC locally advanced cervical cancer, LC local control, PFS progression-free survival, OS overall survival, CR complete response, PR partial response, PD progress
disease, FFP freedom from progression, G gastrointestinal, GU genitourinary
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The current study inherits several limitations. A
longer follow-up is necessary, to rule out high grade
chronic toxicity and to obtain long-term outcomes.
Our cohort was small and heterogeneous, so that a
comparison between the efficacy of a SBRT boost and
BT is difficult. However, as high-dose levels to the HR-
CTV are very important for local control rates [30],
BT will always remain superior and the standard of
care [21]. Therefore, MRg-SBRT boost may serve as a
backup solution in selected patients, who are ineligi-
ble for BT. The current study revealed that MRg-SBRT
seems a safe therapeutic option and could be favorable
over CBCT-guided SBRT.

Conclusion

These early results report the feasibility of an MRg-SBRT
boost approach in patients with LARGC who were not
candidates for BT. When classical BT-OAR constraints
are followed, the therapy was well tolerated. However,
long-term follow-up is needed to validate the present
hypothesis.

Acknowledgements
Not applicable

Authors’ contributions

SC: design of the work. IH, SC: data acquisition, analysis, wrote manuscipt. SC,
IH, CE, RvB, PR, SS, LN, RB, MR, GL, CB, MN: interpretation of data, drafted the
work or substantially revised it, approved the submitted version, have agreed
both to be personally accountable for the author’s own contributions and to
ensure that questions related to the accuracy or integrity of any part of the
work. All authors read and approved the final manuscript.

Funding

The department of Radiation Oncology (LMU Munich) received research
grants from Viewray. SC has received speaker fees/travel support from Viewray.
CE received funding from the German Cancer Aid [Mildred Scheel-Stipendi-
enprogramm fur Krebsforschung, 2018 (57468956)]. All other authors declare
that they have no competing interests.

Availability of data and materials

The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request. Research data are stored in
an institutional repository and will be shared upon request to the correspond-
ing author.

Declarations

Ethics approval and consent to participate
The institutional review board approved this analysis and all patients signed
informed consent.

Consent for publication
Not applicable.

Competing interests
None.

Author details

'Department of Radiation Oncology, University Hospital, LMU Munich,
Marchioninistrasse 15, 81377 Munich, Germany. 2German Cancer Consortium
(DKTK), Partner site Munich, Munich, Germany.

Page 8 of 9

Received: 14 December 2021 Accepted: 31 December 2021
Published online: 15 January 2022

References

1. Potter R, Georg P, Dimopoulos JCA, Grimm M, Berger D, Nesvacil N,
et al. Clinical outcome of protocol based image (MRI) guided adap-
tive brachytherapy combined with 3D conformal radiotherapy with or
without chemotherapy in patients with locally advanced cervical cancer.
Radiother Oncol. 2011;100:116-23. https://doi.org/10.1016/j.radonc.2011.
07.012.

2. Charra-Brunaud C, Harter V, Delannes M, Haie-Meder C, Quetin P, Kerr
C, et al. Impact of 3D image-based PDR brachytherapy on outcome of
patients treated for cervix carcinoma in France: results of the French STIC
prospective study. Radiother Oncol. 2012;103:305-13. https://doi.org/10.
1016/j.radonc.2012.04.007.

3. Hille A, Weiss E, Hess CF. Therapeutic outcome and prognostic factors in
the radiotherapy of recurrences of cervical carcinoma following surgery.
Strahlentherapie Und Onkol. 2003;179:742-7. https://doi.org/10.1007/
500066-003-1100-6.

4. Haasbeek CJA, Uitterhoeve ALJ, van der Velden J, Gonzélez DG, Stalpers
LJA. Long-term results of salvage radiotherapy for the treatment of recur-
rent cervical carcinoma after prior surgery. Radiother Oncol. 2008;89:197-
204. https://doi.org/10.1016/j.radonc.2008.01.004.

5. Molla M, Escude L, Nouet P, Popowski Y, Hidalgo A, Rouzaud M, et al.
Fractionated stereotactic radiotherapy boost for gynecologic tumors: an
alternative to brachytherapy? Int J Radiat Oncol Biol Phys. 2005;62:118-
24. https://doi.org/10.1016/j.ijrobp.2004.09.028.

6. Kubicek GJ, Xue J, Xu Q, Asbell SO, Hughes L, Kramer N, et al. Stereotactic
body radiotherapy as an alternative to brachytherapy in gynecologic
cancer. Biomed Res Int. 2013. https://doi.org/10.1155/2013/898953.

7. Dirix P, Haustermans K, Vandecaveye V. The value of magnetic resonance
imaging for radiotherapy planning. Semin Radiat Oncol. 2014;24:151-9.
https://doi.org/10.1016/j.semradonc.2014.02.003.

8. Corradini S, Alongi F, Andratschke N, Belka C, Boldrini L, Cellini F, et al.
MR-guidance in clinical reality: current treatment challenges and future
perspectives. Radiat Oncol. 2019;14:1-12. https://doi.org/10.1186/
$13014-019-1308-y.

9. Chin S, Eccles CL, McWilliam A, Chuter R, Walker E, Whitehurst P, et al.
Magnetic resonance-guided radiation therapy: a review. J Med Imaging
Radiat Oncol. 2020;64:163-77. https://doi.org/10.1111/1754-9485.12968.

10. Menten MJ, Wetscherek A, Fast MF. MRI-guided lung SBRT: present and
future developments. Phys Med. 2017;44:139-49. https://doi.org/10.
1016/j.6jmp.2017.02.003.

11. Kupelian P, Sonke J-J. Magnetic resonance-guided adaptive radiotherapy:
a solution to the future. Semin Radiat Oncol. 2014,24:227-32. https://doi.
org/10.1016/j.semradonc.2014.02.013.

12. Haie-Meder C, Pétter R, Van Limbergen E, Briot E, De Brabandere M,
Dimopoulos J, et al. Recommendations from Gynaecological (GYN)
GEC-ESTRO Working Group (1): concepts and terms in 3D image based
3D treatment planning in cervix cancer brachytherapy with emphasis
on MRl assessment of GTV and CTV. Radiother Oncol. 2005;74:235-45.
https://doi.org/10.1016/j.radonc.2004.12.015.

13. Potter R, Tanderup K, Kirisits C, de Leeuw A, Kirchheiner K, Nout R, et al.
The EMBRACE Il study: the outcome and prospect of two decades of
evolution within the GEC-ESTRO GYN working group and the EMBRACE
studies. Clin Trans| Radiat Oncol. 2018;9:48-60. https://doi.org/10.1016/j.
Ctro.2018.01.001.

14. Tanderup K, Potter R, Lindegaard J, Kirisits C, Juergenliemk-Schulz |,

De Leeuw A, et al. EMBRACE-II Protocol. EMBRACE Il Study Protoc v10
2015:0-132.

15. Rogowski P, von Bestenbostel R, Walter F, Straub K, Nierer L, Kurz C, et al.
Feasibility and early clinical experience of online adaptive mr-guided
radiotherapy of liver tumors. Cancers (Basel). 2021;13:1-11. https://doi.
org/10.3390/cancers13071523.

16. Barraclough LH, Swindell R, Livsey JE, Hunter RD, Davidson SE. External
beam boost for cancer of the cervix uteri when intracavitary therapy can-
not be performed. Int J Radiat Oncol Biol Phys. 2008;71:772-8. https://doi.
0rg/10.1016/}ijrobp.2007.10.066.


https://doi.org/10.1016/j.radonc.2011.07.012
https://doi.org/10.1016/j.radonc.2011.07.012
https://doi.org/10.1016/j.radonc.2012.04.007
https://doi.org/10.1016/j.radonc.2012.04.007
https://doi.org/10.1007/s00066-003-1100-6
https://doi.org/10.1007/s00066-003-1100-6
https://doi.org/10.1016/j.radonc.2008.01.004
https://doi.org/10.1016/j.ijrobp.2004.09.028
https://doi.org/10.1155/2013/898953
https://doi.org/10.1016/j.semradonc.2014.02.003
https://doi.org/10.1186/s13014-019-1308-y
https://doi.org/10.1186/s13014-019-1308-y
https://doi.org/10.1111/1754-9485.12968
https://doi.org/10.1016/j.ejmp.2017.02.003
https://doi.org/10.1016/j.ejmp.2017.02.003
https://doi.org/10.1016/j.semradonc.2014.02.013
https://doi.org/10.1016/j.semradonc.2014.02.013
https://doi.org/10.1016/j.radonc.2004.12.015
https://doi.org/10.1016/j.ctro.2018.01.001
https://doi.org/10.1016/j.ctro.2018.01.001
https://doi.org/10.3390/cancers13071523
https://doi.org/10.3390/cancers13071523
https://doi.org/10.1016/j.ijrobp.2007.10.066
https://doi.org/10.1016/j.ijrobp.2007.10.066

Hadi et al. Radiation Oncology (2022) 17:8 Page 9 of 9

17. Guckenberger M, Bachmann J, Wulf J, Mueller G, Krieger T, Baier K, et al.
Stereotactic body radiotherapy for local boost irradiation in unfavourable
locally recurrent gynaecological cancer. Radiother Oncol. 2010;94:53-9.
https://doi.org/10.1016/j.radonc.2009.12.004.

18. Albuquerque K, TumatiV, Lea J, Ahn C, Richardson D, Miller D, et al. A
Phase Il trial of stereotactic ablative radiation therapy as a boost for locally
advanced cervical cancer. Int J Radiat Oncol Biol Phys. 2020;106:464-71.
https://doi.org/10.1016/}.ijrobp.2019.10.042.

19. Bradley K, Crispens MA, Frederick P. NCCN Guidelines Version 1.2021
Cervical Cancer 2021.

20. van de Bunt L, Jurgenliemk-Schulz IM, de Kort GAP, Roesink JM, Tersteeg
RJHA, van der Heide UA. Motion and deformation of the target volumes
during IMRT for cervical cancer: what margins do we need? Radiother
Oncol. 2008;88:233-40. https://doi.org/10.1016/j.radonc.2007.12.017.

21. Portelance L, Corradini S, Erickson B, Lalondrelle S, Padgett K, van der Leij
F, et al. Online magnetic resonance-guided radiotherapy (0MRgRT) for
Gynecological Cancers. Front Oncol. 2021;11:1-15. https://doi.org/10.
3389/fonc.2021.628131.

22. Marnitz S, Kéhler C, Budach V, Neumann O, Kluge A, Wlodarczyk W,
et al. Brachytherapy emulating robotic radiosurgery in patients with
cervical carcinoma. Radiat Oncol. 2013;8:2-9. https://doi.org/10.1186/
1748-717X-8-109.

23. Georg P, Pétter R, Georg D, Lang S, Dimopoulos JCA, Sturdza AE, et al.
Dose effect relationship for late side effects of the rectum and urinary
bladder in magnetic resonance image-guided adaptive cervix cancer
brachytherapy. Int J Radiat Oncol Biol Phys. 2012;82:653-7. https://doi.
0rg/10.1016/}ijrobp.2010.12.029.

24. Mazeron R, Fokdal LU, Kirchheiner K, Georg P, Jastaniyah N, Segedin
B, et al. Dose-volume effect relationships for late rectal morbidity in
patients treated with chemoradiation and MRI-guided adaptive brachy-
therapy for locally advanced cervical cancer: results from the prospective
multicenter EMBRACE study. Radiother Oncol. 2016;120:412-9. https://
doi.org/10.1016/j.radonc.2016.06.006.

25. ljaz T, Eifel PJ, Burke T, Oswald MJ. Radiation therapy of pelvic recur-
rence after radical hysterectomy for cervical carcinoma. Gynecol Oncol.
1998,70:241-6. https://doi.org/10.1006/gyno.1998.5093.

26. Haas JA, Witten MR, Clancey O, Episcopia K, Accordino D, Chalas E.
CyberKnife boost for patients with cervical cancer unable to undergo
brachytherapy. Front Oncol. 2012;2:1-5. https://doi.org/10.3389/fonc.
2012.00025.

27. Kemmerer E, Hernandez E, Ferriss JS, Valakh V, Miyamoto C, Li S, et al.

Use of image-guided stereotactic body radiation therapy in lieu of
intracavitary brachytherapy for the treatment of inoperable endometrial
neoplasia. Int J Radiat Oncol Biol Phys. 2013;85:129-35. https://doi.org/10.
1016/}.ijrobp.2012.02.058.

28. Higginson DS, Morris DE, Jones EL, Clarke-Pearson D, Varia MA. Stereotac-
tic body radiotherapy (SBRT): technological innovation and application in
gynecologic oncology. Gynecol Oncol. 2011;120:404-12. https://doi.org/
10.1016/j.ygyno.2010.11.042.

29. Ito K Kito S, Nakajima'Y, Shimizuguchi T, Ogawa H, Nihei K; et al.
Determining the recommended dose of stereotactic body radiotherapy
boost in patients with cervical cancer who are unsuitable for intracavi-
tary brachytherapy: a phase i dose-escalation study. Jpn J Clin Oncol.
2019;49:856-61. https://doi.org/10.1093/jico/hyz074.

30. Tanderup K, Fokdal LU, Sturdza A, Haie-Meder C, Mazeron R, van Limber-
gen E, et al. Effect of tumor dose, volume and overall treatment time on
local control after radiochemotherapy including MRI guided brachyther-
apy of locally advanced cervical cancer. Radiother Oncol. 2016;120:441-6.
https://doi.org/10.1016/j.radonc.2016.05.014.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field
Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/j.radonc.2009.12.004
https://doi.org/10.1016/j.ijrobp.2019.10.042
https://doi.org/10.1016/j.radonc.2007.12.017
https://doi.org/10.3389/fonc.2021.628131
https://doi.org/10.3389/fonc.2021.628131
https://doi.org/10.1186/1748-717X-8-109
https://doi.org/10.1186/1748-717X-8-109
https://doi.org/10.1016/j.ijrobp.2010.12.029
https://doi.org/10.1016/j.ijrobp.2010.12.029
https://doi.org/10.1016/j.radonc.2016.06.006
https://doi.org/10.1016/j.radonc.2016.06.006
https://doi.org/10.1006/gyno.1998.5093
https://doi.org/10.3389/fonc.2012.00025
https://doi.org/10.3389/fonc.2012.00025
https://doi.org/10.1016/j.ijrobp.2012.02.058
https://doi.org/10.1016/j.ijrobp.2012.02.058
https://doi.org/10.1016/j.ygyno.2010.11.042
https://doi.org/10.1016/j.ygyno.2010.11.042
https://doi.org/10.1093/jjco/hyz074
https://doi.org/10.1016/j.radonc.2016.05.014

	MR-guided SBRT boost for patients with locally advanced or recurrent gynecological cancers ineligible for brachytherapy: feasibility and early clinical experience
	Abstract 
	Background and purpose: 
	Material and methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Patients
	Concurrent chemoradiotherapy
	MRg-SBRT boost
	Treatment simulation
	Treatment delivery

	Statistical analysis

	Results
	Treatment parameters

	Outcomes
	Toxicity
	Discussion
	Conclusion
	Acknowledgements
	References


