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ABSTRACT PURPOSE: To demonstrate the feasibility of treating cervical cancer patients with MRI-guided 
brachytherapy (MRgBT) using 24 Gy in 3 fractions (F) versus a standard, more resource-intensive 
regimen of 28 Gy in 4F, and its ability to meet EMBRACE II planning aims. 
METHODS AND MATERIALS: A retrospective review of 224 patients with FIGO Stage IB–
IVA cervical cancer treated with 28 Gy/4F ( n = 91) and 24 Gy/3F ( n = 133) MRgBT between 
2016-2021 was conducted. Multivariable linear regression models were fitted to compare dosi- 
metric parameters between the two groups, adjusting for CTV HR and T stage. 
RESULTS: Most patients had squamous cell carcinoma, T2b disease, and were treated with 
intracavitary applicator plus interstitial needles (96%). The 28 Gy/4F group had higher CTV HR 

(median 28 vs. 26 cm 

3 , p = 0.04), CTV IR D 98% 

(mean 65.5 vs. 64.5 Gy, p = 0.03), rectum D 2cm3 

(mean 61.7 vs. 59.2 Gy, p = 0.04) and bladder D 2cm3 (81.3 vs. 77.9 Gy, p = 0.03). There were 
no significant differences in the proportion of patients meeting the EMBRACE II OAR dose 
constraints and planning aims, except fewer patients treated with 28 Gy/4F met rectum D 2cm3 < 

65 Gy (73 vs. 85%, p = 0.027) and ICRU rectovaginal point < 65 Gy (65 vs. 84%, p = 0.005). 
CONCLUSIONS: Cervical cancer patients treated with 24 Gy/3F MRgBT had comparable target 
doses and lower OAR doses compared to those treated with 28 Gy/4F. A less-resource intense 
fractionation schedule of 24 Gy/3F is an alternative to 28 Gy/4F in cervix MRgBT. © 2022 
American Brachytherapy Society. Published by Elsevier Inc. All rights reserved. 
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Introduction 

Brachytherapy is pivotal in the management of lo-
cally advanced cervical cancer. It escalates dose to the
cervix and paracervical tissues while differentially spar-
ing organs at risk (OARs) from high radiation doses,
significantly improving treatment outcomes ( 1–4 ). Signif-
icant advances have been made in brachytherapy tech-
niques, with radiation treatment planning evolving from
two-dimensional (2D) to 3D with the use of computed to-
mography (CT)/magnetic resonance imaging (MRI) guid-
ance ( 5 ). 

MRI-guided brachytherapy (MRgBT) and the use of
intracavitary applicators plus interstitial needles allows for
the prescribed dose to be personalized and adapted to the
residual disease at the time of brachytherapy ( 6 ). This has
hed by Elsevier Inc. All rights reserved. 
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permitted dose escalation from a total equivalent dose in
2 Gy-fractions (EQD2) of 80 −85 Gy 10 to 90 −95 Gy 10 to
the target while minimizing OAR dose ( 7 , 8 ). 

The Groupe Europeen de Curietherapie European So-
ciety for Radiotherapy & Oncology (GEC-ESTRO) and
International Commission on Radiation Units and Mea-
surements (ICRU) report 89 provide comprehensive rec-
ommendations on the contouring and treatment planning
for MRgBT ( 6 , 9 ). The recommended parameters for target
dose coverage include minimum dose to 98% of residual
gross tumor volume (GTV res D 98% 

), 90% high risk clini-
cal target volume (CTV HR 

D 90% 

), 90% of intermediate risk
clinical target (CTV IR 

D 90% 

) and 98% of CTV IR 

(CTV IR

D 98% 

) ( 6 , 9 ). Also, the recommended parameters for OARs
include the most heavily irradiated 0.1 cm 

3 , 1.0 cm 

3 , and
2.0 cm 

3 (D 0.1cm3 , D 1cm3 , and D 2cm3 ) of the rectum, sigmoid,
small bowel and bladder ( 6 , 9 ). The EMBRACE I (IntEr-
national study on MRI-guided BRAchytherapy in CErvi-
cal cancer) study has generated benchmarks for achievable
target and OAR doses for MRgRT ( 10 ). The ongoing EM-
BRACE II study further escalates the dose to targets while
de-escalating the dose to OARs by increasing the use of in-
terstitial needles ( 8 ). However, no particular brachytherapy
dose fractionation is recommended by GEC-ESTRO/ICRU
89/EMBRACE, and dose prescriptions have generally fol-
lowed institutional guidelines. 

External beam fractionation schedules typically range
from 45 −50.4 Gy in 25 −28F. However, there are a
variety of brachytherapy fractionation schedules used
around the world, including 24 Gy/3F, 28 Gy/4F, 27.5
Gy/5F and 30 Gy/5F ( 11–16 ). Of these, 28 Gy/4F is
the most common MRgBT fractionation regimen with
mature outcomes data ( 11 , 14 , 16–18 ). There are limited
data on the other regimens, including a less resource-
intensive 3-fraction regimen of 24 Gy/3F and its abil-
ity to meet EMBRACE II planning aims. MRgBT is ex-
tremely resource intensive compared to other image-guided
brachytherapy methods for cervical cancer and strategies
to maximize efficiency and improve patients’ access are
needed. 

Prior to implementing 24 Gy/3F clinically, we had con-
ducted planning exercises where cases treated with 28
Gy/4F were reoptimized for 24 Gy/3F, and found that the
optimized 24 Gy/3F doses were clinically acceptable and
dosimetrically similar to the 28Gy/4F plans. Examining
real cases treated with 24 Gy/3F is important since sim-
ply ‘scaling’ or dropping a fraction from 28 Gy/4F does
not provide an optimized plan for 24 Gy/3F. Further, MR
images acquired for 28 Gy/4F may not reflect the change
in target volume/anatomy observed with 24 Gy/3F. The
objective of this study was to demonstrate the clinical fea-
sibility of a less resource-intensive MRgBT fractionation
(24 Gy/3F), and compare target and OAR dosimetry of
patients with locally advanced cervical cancer treated with
28 Gy/4F and its ability to meet the EMRACE II planning
aims. 
Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally 
MRI-guided brachytherapy, Brachytherapy, https:// doi.org/ 10.1016/ j.brachy.2022
Methods and materials 

The retrospective study was approved by the institu-
tional research ethics board with waiver of informed con-
sent. 

Patients 

Consecutive patients with International Federation of
Gynecology and Obstetrics (FIGO) 2018 Stage IB–IVA
intact cervical cancer treated with definitive (chemo) ra-
diation between January 2016 and July 2021 were retro-
spectively identified. Our institution implemented MRgBT
in 2008 with EMBRACE I constraints, interstitial tech-
nique in 2014, and EMBRACE II constraints by January
2016, and therefore the study cohort was restricted to pa-
tients treated after January 2016 to reduce bias. Patients
with FIGO 2018 Stage IVB disease; histologies other than
squamous cell carcinoma, adenocarcinoma or adenosqua-
mous carcinoma; those who were treated with palliative
intent; and those who did not receive brachytherapy were
excluded ( n = 7). A total of 224 patients met the inclusion
criteria. 

Staging investigations included a detailed clinical his-
tory, physical examination, computerized tomography (CT)
scan of the chest, abdomen and pelvis, and magnetic reso-
nance imaging (MRI) of the pelvis to characterize the gross
tumor. An FDG-PET scan was performed in the setting of
suspicious and/or indeterminate nodes or distant metastasis
on CT/MRI. 

Treatment 

CT and MRI simulations for external beam radiother-
apy (EBRT) planning were performed for all patients. The
dataset was imported into the treatment planning systems
for target and OAR volume delineation based on consen-
sus guidelines and the EMBRACE II protocol ( 19 ) us-
ing Pinnacle v9.6, (Phillips Medical System, Madison, WI)
before fall 2018 and RayStation v6-8 (RaySearch, Stock-
holm, Sweden) since fall 2018. The EBRT dose prescrip-
tion was 45 Gy/25F. Prior to the fall of 2018, involved
nodes were boosted sequentially using intensity-modulated
RT, and after the fall of 2018 to 55.0 −57.5 Gy/25F us-
ing simultaneous integrated boost with VMAT. Patients re-
ceived weekly concurrent cisplatin 40 mg/m 

2 with EBRT. 
MRI-guided brachytherapy started within approximately

one week of completing EBRT in most patients. All pa-
tients had a pre-brachytherapy MRI of the pelvis toward
the end of EBRT to characterize the residual disease and
help guide the selection of an appropriate MR-compatible
brachytherapy applicator. The choice of applicators and in-
terstitial needle placement were reviewed at weekly gyne-
cology radiation quality assurance rounds prior to each in-
sertion. MRgBT fractionation transitioned from 28 Gy/4F
( n = 91) to 24 Gy/3F ( n = 133) gradually between 2016 and
advanced cervical cancer patients treated with 3 versus 4 fractions of 
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2021 due to resource constraints (e.g., for inpatient beds,
especially during the COVID-19 pandemic) and to improve
patient experience (one less overnight stay with applicator
in place). Along with the selected applicator, interstitial
needles were used in most patients, with each patient typ-
ically undergoing two applicator insertions 1 week apart.
In the 28 Gy/4F cohort, two 7 Gy fractions were typically
delivered per each applicator insertion, 18 −24 h apart. In
the 24 Gy/3F cohort, two 8 Gy fractions were delivered
with the first applicator insertion, also 18 −24 h apart, and
a third fraction was delivered typically 1 week later with a
second applicator insertion. Patients remained in hospital
over night with the applicator in situ when two fractions
were delivered with one insertion. Applicator placement
was similar in both cohorts and most were performed un-
der general anesthesia. 

An MRI of the pelvis with the applicators in situ was
acquired before each fraction to verify applicator position,
and for treatment planning ( 20 ). As significant changes
in tumor and normal tissue anatomy can occur between
fraction 1 and 2, MRI was repeated just prior to frac-
tion 2 and all planning steps repeated for this fraction,
including repeat contouring, applicator and catheter regis-
tration and dose optimization ( 21 ). Targets and OAR delin-
eation followed the GEC-ESTRO and ICRU 89 recommen-
dations ( 22 ). The residual gross tumor volume (GTV res )
was defined as the residual macroscopic tumor at the
time of brachytherapy. The high-risk clinical target vol-
ume (CTV HR 

) included the GTV res, the entire cervix and
adjacent residual pathologic tissue. The intermediate-risk
clinical target volume (CVT IR 

) included the CTV HR 

plus a
safety margin, taking into account the initial GTV at diag-
nosis. The OARs were the sigmoid, rectum, small bowel,
bladder and ICRU rectovaginal (RV) point. 

Target and OAR contouring, treatment planning and
dose optimization were performed for each fraction in On-
centra Brachy v 4.3 - 4.6.1 (Elekta, Crawley, United King-
dom). At planning, it was assumed that the entire CTV HR 

,
relevant volumes of the sigmoid, rectum, small bowel, and
bladder received the full 45 Gy/25F EBRT dose. Planning
aims and dose prescriptions were based on the EMBRACE
II protocol (Supplementary Table 1). All treatment plans
were peer reviewed for quality assurance and to promote
team learning. 

Statistics 

Baseline tumor and treatment characteristics were sum-
marized using descriptive statistics, with mean ± standard
deviation (SD) and/or median (range) for continuous
variables, and frequency and percentage for categorical
variables. For group comparisons, Wilcoxon’s rank-sum
test and Fisher’s exact test were used for continuous and
categorical variables, respectively. To compare dosimetric
parameters between groups, univariable and multivari-
able linear regression models were fitted. Multivariable
Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally 
MRI-guided brachytherapy, Brachytherapy, https:// doi.org/ 10.1016/ j.brachy.2022
linear regression models were fitted with and without
adjusting for CTV HR 

volume and T category (potential
confounders); both unadjusted and adjusted p -values were
shown. Statistical analyses were performed in R version
4.0.2. All tests were two sided, and p -values < 0.05 were
considered to indicate statistical significance. 

Results 

Patient and treatment characteristics 

Between January 2016 and July 2021, a total of 91
patients with locally advanced cervical cancer received 28
Gy/4F and 133 received 24 Gy/3F MRgBT. Baseline tumor
and treatment characteristics are shown in Table 1 . The
most common histology was squamous cell carcinoma in
both groups (86%). The majority had T2b disease (62%).
The median tumor size at diagnosis in the 28 Gy/4F group
and 24 Gy/3F group were 4.7 cm (1.7 −8.4 cm) and 4.3
cm (0.4 −10.6 cm), respectively, p = 0.11. 

Radiotherapy dosimetry 

Figure 1 shows the dose distribution from representative
patients treated with 28 Gy/4F versus 24 Gy/3F. The 28
Gy/4F group had higher CTV HR 

volume (median 28 vs.
26 cm 

3 , p = 0.047). There were no significant differences
between those treated with 28 Gy/4F versus 24 Gy/3F in
histology, T category, FIGO stage and maximum tumor
size at diagnosis. The majority of patients were treated
with interstitial needles in addition to an intracavitary ap-
plicator (96%). There were no significant differences be-
tween those treated with 28 Gy/4F versus 24 Gy/3F in the
number of interstitial needles: median 4 (0 −21) versus 4
(0 −17), respectively ( p = 0.94). 

The brachytherapy dosimetric parameters for all patients
are shown in Table 2 and Fig. 2 . The 28 Gy/4F group had
higher CTV IR 

D 98% 

(mean 65.2 vs. 64.5 Gy, p = 0.03),
rectum D 2cm3 (mean 61.7 vs. 59.2 Gy, p = 0.04) and blad-
der D 2cm3 (75.7 vs. 73.2 Gy, p = 0.03) compared to the 24
Gy/3F group, respectively. There were no significant dif-
ferences between those treated with 28 Gy/4F versu. 24
Gy/3F in GTV res D 98% 

, CTV HR 

D 90% 

, sigmoid and small
bowel D 2cm3 . In the subgroup of patients treated with a
ring/tandem applicator, the 28 Gy/4F group also had higher
rectum D 2cm3 (mean 60.3 vs. 57.1 Gy, p = 0.008) and blad-
der D 2cm3 (74.7 vs. 70.7 Gy, p = 0.003). There were no sig-
nificant differences between those treated with 28 Gy/4F
vs. 24 Gy/3F using the ring/tandem applicator in GTV res 

D 98% 

, CTV HR 

D 90% 

, CTV IR 

D 98%, sigmoid and small bowel
D 2cm3 (Supplementary Table 2). 

The proportion of patients meeting EMBRACE II
dose limits by treatment regimen is shown in Table 3 .
There were no significant differences in the proportion of
patients meeting the EMBRACE II dose limits between
28 Gy/4F and 24 Gy/3F respectively: GTV res D 98% 

> 90
advanced cervical cancer patients treated with 3 versus 4 fractions of 
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Table 1 
Baseline tumor and treatment characteristics 

Characteristic Full cohort ( n = 224) 28 Gy/4F ( n = 91) 24 Gy/3F ( n = 133) p value 

Histology, n (%) 0.33 
Squamous cell carcinoma 193 (86) 77 (85) 116 (87) 
Adenocarcinoma 26 (12) 10 (11) 16 (12) 
Adenosquamous 4 (2) 3 (3) 1 (1) 
Mixed (squamous cell carcinoma and adenocarcinoma) 1 (0) 1 (1) 0 (0) 

T category, n (%) 0.12 
T1b 35 (16) 8 (9) 27 (20) 
T2a 22 (10) 11 (12) 11 (8) 
T2b 139 (62) 60 (66) 79 (59) 
T3a 3 (1) 1 (1) 2 (2) 
T3b 14 (6) 8 (9) 6 (5) 
T4a 11 (5) 3 (3) 8 (6) 

FIGO 2018 stage 0.21 
IB 24 (11) 5 (5) 19 (14) 
IIA 18 (8) 10 (11) 8 (6) 
IIB 74 (33) 32 (35) 42 (32) 
IIIA 1 (0) 0 (0) 1 (1) 
IIIB 7 (3) 4 (4) 3 (2) 
IIIC 89 (40) 37 (41) 52 (39) 
IVA 11 (5) 3 (3) 8 (6) 

Maximum tumor size on MRI at diagnosis, cm 0.11 
Mean (SD) 4.6 (1.6) 4.8 (1.6) 4.5 (1.6) 
Median (Min,Max) 4.4 (0.4,10.6) 4.7 (1.7,8.4) 4.3 (0.4,10.6) 

Year 0.001 
2016 28 (12) 26 (29) 2 (2) 
2017 36 (16) 32 (35) 4 (3) 
2018 33 (15) 21 (23) 12 (9) 
2019 48 (21) 11 (12) 37 (28) 
2020 54 (24) 1 (1) 53 (40) 
2021 25 (11) 0 (0) 25 (19) 

Applicator type 0.001 
Ring/Tandem 120 (54) 69 (76) 51 (38) 
Template 52 (23) 18 (20) 34 (26) 
Venezia 43 (19) 2 (2) 41 (31) 
Mixed 
Ring/Tandem + Venezia 6 (3) 1 (1) 5 (4) 
Template + Ring/Tandem 1 (0) 1 (1) 0 (0) 
Template + Venezia 2 (1) 0 (0) 2 (2) 

Interstitial needle use, n (%) 215 (96) 86 (95) 129 (97) 0.49 
Maximum Needles used, n 0.94 

Mean (SD) 5.3 (3.9) 5.2 (4.0) 5.3 (3.9) 
Median (Min, Max) 4 (0,21) 4 (0,21) 4 (0,17) 

GTV res 
a. b , cm 

3 0.11 
Mean (SD) 6.7 (10.4) 8.5 (13.1) 5.5 (7.8) 
Median (Min, Max) 2.8 (0.0,88.5) 4.1 (0.0,88.5) 2.5 (0.0,44.5) 

CTV HR 
a , cm 

3 0.047 
Mean (SD) 29.2 (14.9) 31.8 (17.2) 27.4 (12.8) 
Median (Min, Max) 26.5 (8.7,106.3) 28.1 (9.9,106.3) 26.0 (8.7,71.1) 

CTV IR 
a , cm 

3 0.11 
Mean (SD) 58.7 (26.8) 62.2 (29.1) 56.2 (25.0) 
Median (Min,Max) 52.1 (21.9,167.2) 55.2 (23.1,167.2) 50.5 (21.9,129.0) 

Abbreviations: FIGO = International Federation of Gynecology and Obstetrics; CTV HR = high risk clinical target volume; 
CTV IR = intermediate risk clinical target volume; GTV res = residual gross tumor volume at brachytherapy; SD = standard deviation 

p values < 0.05 bolded 
a At first fraction of brachytherapy. 
b For those with residual GTV at brachytherapy. 

Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally advanced cervical cancer patients treated with 3 versus 4 fractions of 
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Fig. 1. Dose distribution from (a) a representative patient with FIGO Stage IIB cervical cancer treated with 28 Gy/4F, and (b) another representative patient 
with FIGO Stage IIB cervical squamous cell cancer treated with 24 Gy/3F. Magenta shaded contour = residual gross tumor volume at brachytherapy; Red 
shaded contour = high-risk clinical target volume; green shaded contour = intermediate-risk clinical target volume. (For interpretation of the references to 
color in this figure legend, the reader is referred to the Web version of this article.) 
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Table 2 
Brachytherapy dosimetric parameters. 

Dosimetric parameter Full cohort (n = 224) 28 Gy/4F ( n = 91) 24 Gy/3F ( n = 133) p value Adjusted 
p value a 

GTV res D 98% 

0.13 0.64 
Mean (SD) 122.8 (40.2) 117.6 (33.3) 126.4 (44.0) 
Median (Min, Max) 110.3 (80.3,320.2) 107.7 (80.3,249.2) 111.2 (86.8,320.2) 
Missing 25 10 15 

CTV HR D 90% 

0.12 0.078 
Mean (SD) 91.6 (3.0) 91.9 (3.6) 91.3 (2.4) 
Median (Min, Max) 91.6 (76.3,98.9) 92.3 (76.3,98.9) 91.4 (85.0,98.6) 

CTV IR D 90% 

0.0027 < 0.001 
Mean (SD) 71.3 (3.1) 72.0 (3.0) 70.8 (3.0) 
Median (Min, Max) 71.4 (60.6,80.2) 71.9 (60.6,80.2) 70.9 (62.2,78.2) 

CTV IR D 98% 

0.096 0.031 
Mean (SD) 64.8 (3.1) 65.2 (3.3) 64.5 (3.0) 
Median (Min, Max) 64.7 (55.7,78.9) 65.0 (55.7,78.5) 64.5 (56.5,78.9) 

Rectum D 2cm3 0.0021 0.035 
Mean (SD) 60.2 (6.1) 61.7 (5.8) 59.2 (6.0) 
Median (Min, Max) 59.7 (46.7,74.9) 61.5 (50.0,74.8) 58.7 (46.7,74.9) 

Sigmoid D 2cm3 0.16 0.21 
Mean (SD) 61.2 (6.7) 62.0 (6.5) 60.7 (6.8) 
Median (Min, Max) 61.8 (46.3,77.9) 63.8 (47.5,72.2) 61.1 (46.3,77.9) 

Small Bowel D 2cm3 0.52 0.55 
Mean (SD) 54.9 (6.8) 55.2 (7.2) 54.6 (6.5) 
Median (Min, Max) 53.6 (43.7,73.1) 55.1 (43.7,73.1) 53.4 (44.2,72.2) 

Bladder D 2cm3 0.004 0.034 
Mean (SD) 74.2 (6.5) 75.7 (5.6) 73.2 (6.9) 
Median (Min, Max) 74.8 (53.6,88.2) 75.7 (61.7,88.2) 74.3 (53.6,87.7) 

ICRU RV 0.088 0.52 
Mean (SD) 61.3 (7.6) 62.4 (7.1) 60.4 (7.9) 
Median (Min, Max) 59.9 (48.3,121.2) 60.8 (51.6,85.8) 59.4 (48.3,121.2) 
Missing 45 11 34 

TRAK 0.0059 < 0.001 
Mean (SD) 0.0034 (8e-04) 0.0033 (7e-04) 0.0036 (8e-04) 
Median (Min, Max) 0.0033 

(0.0018,0.0062) 
0.0031 
(0.0018,0.0055) 

0.0035 
(0.0018,0.0062) 

CTV HR = high risk clinical target volume; CTV IR = intermediate risk clinical target volume; GTV res = residual gross tumor volume at brachyther- 
apy; ICRU RV = international commission on radiation units and measurements rectovaginal point; SD = standard deviation; TRAK = total reference 
air kerma. 

p values < 0.05 bolded. 
a Adjusted for CTV volume and T category in the multivariable linear regression models. 

Table 3 
Proportion of patients meeting EMBRACE II dose limits (hard cut-offs). 

Dosimetric parameter Full Cohort ( n = 224) 28 Gy/4F ( n = 91) 24 Gy/3F ( n = 133) p value 

GTV res D 98% 

> 90 Gy 189 (95) 74 (91) 115 (97) 0.094 
Missing a 25 10 15 
CTV HR D 90% 

> 85 Gy 217 (97) 86 (95) 131 (98) 0.12 
Rectum D 2cm3 < 75 Gy 224 (100) 91 (100) 133 (100) N/A 

Sigmoid D 2cm3 < 75 Gy 223 (100) 91 (100) 132 (99) 1.0 
Bladder D 2cm3 < 90 Gy 224 (100) 91 (100) 133 (100) N/A 

Small Bowel D 2cm3 < 75 Gy 224 (100) 91 (100) 133 (100) N/A 

ICRU RV < 75 Gy 174 (97) 76 (95) 98 (99) 0.17 
Missing b 45 11 34 

Abbreviations: CTV HR = high risk clinical target volume; CTV IR = intermediate risk clinical target volume; 
GTV res = residual gross tumor volume at brachytherapy; ICRU RV = international commission on radiation 
units and measurements rectovaginal point; TRAK = total reference air kerma 

a No residual GTV at brachytherapy. 
b Template cases where ICRU RV point harder to define. 

Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally advanced cervical cancer patients treated with 3 versus 4 fractions of 
MRI-guided brachytherapy, Brachytherapy, https:// doi.org/ 10.1016/ j.brachy.2022.11.005 
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Fig. 2. Box plot of dosimetric parameters. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version 
of this article.) 

 

 

 

 

 

 

 

Gy (91 vs. 97%, p = 0.094 for those with residual GTV);
CTV HR 

D 90% 

> 85 Gy (95 vs. 98%, p = 0.12); sigmoid
D 2cm3 < 75 Gy (100 vs. 99%, p = 1); rectum D 2cm3 <

75 Gy, bladder D 2cm3 < 90 Gy, small bowel D 2cm3 < 75
Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally 
MRI-guided brachytherapy, Brachytherapy, https:// doi.org/ 10.1016/ j.brachy.2022
Gy (100% for all); and ICRU RV < 75 Gy (95 vs. 99%,
p = 0.17). 

The proportion of patients meeting EMBRACE II plan-
ning aims is shown in Table 4 . There were also no signif-
advanced cervical cancer patients treated with 3 versus 4 fractions of 
.11.005 
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Table 4 
Proportion of patients meeting EMBRACE II planning aims. 

Dosimetric parameter Full cohort ( n = 224) 28 Gy/4F ( n = 91) 24 Gy/3F ( n = 133) p value 

GTV res D 98% 

> 95 Gy 167 (84) 67 (83) 100 (85) 0.70 
Missing a 25 10 15 

CTV HR D 90% 

> 90 Gy 180 (80) 74 (81) 106 (80) 0.86 
CTV HR D 90% 

> 90 Gy < 95 Gy 155 (69) 56 (62) 99 (74) 0.055 
CTV IR D 90% 

> 60 Gy 224 (100) 91 (100) 133 (100) N/A 

CTV IR D 98% 

> 60 Gy 212 (95) 87 (96) 125 (94) 0.77 
Rectum D 2cm3 < 65 Gy 179 (80) 66 (73) 113 (85) 0.027 
Sigmoid D 2cm3 < 70 Gy 212 (95) 87 (96) 125 (94) 0.77 
Bladder D 2cm3 < 80 Gy 184 (82) 72 (79) 112 (84) 0.38 
Small Bowel D 2cm3 < 70 Gy 219 (98) 88 (97) 131 (98) 0.40 
ICRU RV < 65 Gy 135 (75) 52 (65) 83 (84) 0.005 

Missing 45 11 34 

CTV HR = high risk clinical target volume; CTV IR = intermediate risk clinical target volume; GTV res = residual 
gross tumor volume at brachytherapy; ICRU RV = international commission on radiation units and measurements 
rectovaginal point; TRAK = total reference air kerma 

a No residual GTV at brachytherapy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

icant differences in the proportion of patients meeting the
EMBRACE II planning aims, except fewer patients treated
with 28 Gy/4F met rectum D 2cm3 < 65 Gy (73 vs. 85%,
p = 0.027) and ICRU RV < 65 Gy (65 vs. 84%, p = 0.005).

Discussion 

While MRgBT is considered the gold standard inter-
nationally, it is extremely resource intensive compared to
other image-guided BT for cervical cancer, and strategies
to maximize efficiency without compromising patient out-
comes are needed. One strategy is to modify the dose-
fractionation while maintaining the planning aims. Our in-
stitutional practice evolved from 28 Gy/4F to 24 Gy/3F
due to resource constraints, with comparable target and
OAR dosimetric parameters between the two fractionation
regimens, demonstrating that moving to fewer fractions is
dosimetrically feasible and similar to four fractions for the
cervical cancer cases presenting at our institution. 

The comparable CTV HR 

D 90% 

is not unexpected as both
groups had similar use of combined intracavitary and in-
terstitial applicators, allowing for dose optimization to the
target. This result aligns with previous studies ( 23–25 ).
Patients in both cohorts had mean GTV res D 98% 

> 95
Gy and CTV HR 

D 90% 

> 90 Gy. Several mono-institutional
and multi-institutional studies from across the world have
shown a significant dose-volume effect relationship be-
tween CTV HR 

D 90% 

and local control, and that CTV HR

D 90% 

of about 85 −95 Gy 10 results in excellent local con-
trol, superior to historical series ( 14 , 26–29 ). Therefore, we
would expect that the local control rates of patients treated
with 28 Gy/4F and 24 Gy/3F at our institution should be
comparable and high. Though the mean CTV IR 

D 98% 

was
statistically lower in the 24 Gy/3F group, it was still within
the recommended EMBRACE II planning aim and the dif-
ference ( ∼1 Gy) is unlikely to be clinically significant. 
Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally 
MRI-guided brachytherapy, Brachytherapy, https:// doi.org/ 10.1016/ j.brachy.2022
Several studies have reported significant correlations be-
tween late bladder and rectal toxicity and D 2cm3 of the rec-
tum and bladder ( 30–34 ). In this study, the mean D 2cm3 of
the bladder (73.2 Gy 3 ) and rectum (59.2 Gy 3 ) were signif-
icantly lower by 3.4 Gy 3 and 2.5 Gy 3 respectively in the
24 Gy/3F group compared with the 28 Gy/4F group. Blad-
der D 2cm3 is correlated with cystitis, bleeding and fistula
( 32 , 35 , 36 ). Rectal D 2cm3 > 65 (to 75) Gy 3 is a good pre-
dictor for rectal toxicities such as bleeding, proctitis and
fistula in patients who undergo MRgBT ( 31 , 37 ), ( 16 , 36 ). In
this study, none of the patients’ rectum D 2cm3 exceeded 75
Gy 3, but fewer patients treated with 28 Gy/4F met rectum
D 2cm3 < 65 Gy 3 aim. Similarly, bowel and sigmoid D 2cm3

which correlate with toxicities such as diarrhea, bleeding,
fistula, and stricture were within the dose range as recom-
mended by the EMBRACE II. ICRU-RV point dose ˃ 65
Gy 3 has been shown to be associated with a higher risk of
Grade 2 vaginal stenosis ( 38 ). In this study, fewer patients
treated with 28 Gy/4F met ICRU-RV < 65 Gy 3 (65% vs.
84%, respectively). 

Data on a 3-fraction brachytherapy regimen are lim-
ited. In a prospective Phase 2 study, patients with locally
advanced cervical cancer underwent a single–application
multifractionated MRgBT, 9 Gy on Day 1 and two frac-
tions 7 Gy on Day 2 separated by a period of at least 6
h( 39 ). The planning aims were still achieved, despite the
dose fractionation as these patients were treated with a
combination of intracavitary/interstitial needles at MRgBT
( 39 ). Another prospective study that randomized 80 pa-
tients with cervical cancer to 24 Gy/3F versus 24 Gy/4F
reported comparable local control and toxicity rates, and
better patient compliance to lesser fractionation schedule
( 40 ). In a retrospective study, the dosimetric parameters
of 9 patients treated with single–application 24 Gy/3F or
22.5 −27.5 Gy/5F (twice daily) over 3 consecutive days
were similar to that of 28 Gy/4F treated over two sepa-
rate insertions, though the mucosal toxicities were higher
advanced cervical cancer patients treated with 3 versus 4 fractions of 
.11.005 
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in the single–application regimen ( 41 ). Similarly, a retro-
spective study reported that long-term treatment outcomes
of 282 patients treated with a median dose of 24 Gy at
point A in three insertions given weekly was comparable
to a larger number of fractions ( 42 ). This emphasizes the
importance of proper target contouring, implant technique,
and 3D planning techniques in achieving planning aims as
shown in other studies, rather than the dose per fraction
( 24 , 43 ). 

A three-fraction MRgBT regimen that yields similar
dosimetry and outcomes as a four-fraction regimen has
significant resource and patient implications. It results in
either one fewer procedure under anesthesia or overnight
inpatient stay with applicator in situ , thus decreasing pa-
tient pain and discomfort, reducing health risks to patients
(e.g., from deep vein thrombosis/pulmonary embolism, in-
fection), as well as freeing up valuable in-patient beds
and OR time. One less overnight inpatient stay is also as-
sociated with less potential post-traumatic stress disorder
(PTSD) ( 44 ). It also allows for resources that are needed
for a fourth MR-simulation, planning and treatment to be
saved, reducing costs. These were the reasons (in addi-
tion to the COVID-19 pandemic) that MRgBT fractiona-
tion transitioned from 28 Gy/4F to 24 Gy/3F at our insti-
tution. 

The main limitation of this study is its retrospective
nature and the biases associated with it. To control for
potential confounders when comparing dosimetry between
the 28 Gy/4F and 24 Gy/3F groups, multivariable linear
regression models were fitted adjusting for CTV HR 

vol-
ume and T category. Subgroup analysis on only patients
treated with the ring/tandem applicator (i.e., controlling for
applicator type) showed similar results as the entire cohort.
While there is some controversy regarding the validity of
the linear quadratic formalism at high doses per fraction, it
is universally used for calculating isoeffect doses for differ-
ent fractionation regimen and recommended by ICRU 89
( 22 ). While it is possible that the 24 Gy/3F group had more
favorable dosimetry for some OARs partly due to learn-
ing/experience over time, year was not significant for all
dosimetric values when added to the multivariable model
(data not shown). We had restricted the study cohort to
patients treated after 2016 to minimize potential bias, as
EMBRACE II constraints were already adopted at our in-
stitution by then and it was past the learning curve period
for interstitial technique (implemented in 2014). Intersti-
tial needles were used in almost all of the cases (with no
difference in utilization rate between the 28 Gy/4F and 24
Gy/3F groups), and therefore our results may or may not
be applicable to patients treated with intracavitary applica-
tors alone. Because of the shorter follow-up in the cohort
treated with 24 Gy/3F, local control and morbidity rates are
not reported here but will be when follow up matures. On
limited follow up to date, the local control and morbidity
rates of patients treated with 24 Gy/3F appear compara-
ble to those treated with 28 Gy/4F (data not shown). To
Please cite this article as: A.A. Scott et al. , Comparing dosimetry of locally 
MRI-guided brachytherapy, Brachytherapy, https:// doi.org/ 10.1016/ j.brachy.2022
the best of our knowledge, this is one of the first studies
that demonstrates clinical feasibility of 24 Gy/3F MRgBT
and systematically evaluates the dosimetric parameters of
patients with locally advanced cervical cancer treated with
28 Gy/4F versus 24 Gy/3F MRgBT. 

Conclusions 

MRI-guided adaptive brachytherapy represents a
paradigm shift in the management of patients with lo-
cally advanced cervical cancer. However, it is resource
intensive. Given that 24 Gy/3F is a less-resource intensive
fractionation schedule compared to 28 Gy/4F with com-
parable dosimetric parameters in this study, 24 Gy/3F is
a reasonable alternative to 28 Gy/4F in cervix MRgBT.
Clinical outcomes will be reported as follow up matures. 

Supplementary materials 

Supplementary material associated with this article can
be found, in the online version, at doi: 10.1016/j.brachy.
2022.11.005 . 
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