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Abstract

Purpose: Clinical drawings are integral part of image-guided adaptive brachytherapy (IGABT) of cervical cancer.
It was used in EMBRACE study protocol as a useful tool. In our study clinical drawings from EMBRACE study were
modified to include scales in all the dimensions for more accurate representation of various tumor related volumes.
The aim of the present study was to understand patterns of tumor regression and relationship between gross tumor at
diagnosis (GTVD) and high-risk clinical target volume (CTV-Ty)/intermediate-risk clinical target volume (CTV-Tg)
in brachytherapy (BRT), using modified clinical drawings.

Material and methods: 42 cervical cancer patients, staged as FIGO IIB-IIIB according to EMBRACE study, were
enrolled. Advanced schematic 3D mapping diagram (3D-MD) in axial, coronal, and sagittal orientations, with a mea-
surement scale (grid with 10 mm distance) for precise assessment and documentation was applied (through MRI at
diagnosis and during brachytherapy). Dimensions, including height, width, and thickness as well as volumes (GTVD,

CTV-Ty and CTV-T}z) were compared both qualitatively and quantitatively.
Results and conclusions: We found qualitative and quantitative correlation of the dimensions of final CTV-Tyg
with initial GTVD. Meticulous mapping of tumor volumes can provide useful insights to CTV-Tyi volume during

brachytherapy.
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Purpose

With advances in Gynaecology (GYN) brachythera-
py applicators, more use of computerised tomography
(CT) and or magnetic resonance (MR) image guidance,
improved treatment planning and delivery systems, MR
image guided adaptive BT (IGABT) recommendations of
GYN GEC-ESTRO (Groupe Européen de Curiethérapie
and the European Society for Radiotherapy) working group,
three dimensional (3D) dose volume evaluation and re-
porting has been successfully implemented in practice
[1]. This includes large multi-centric prospective studies,
such as EMBRACE I/II (an international study on mag-
netic resonance imaging [MRI]-guided brachytherapy in
locally advanced cervical cancer) [2]. Pelvic examination
is vital for FIGO (International Federation of Gynecolo-
gy and Obstetrics) staging of cervical cancer. Historical-
ly, clinical examination findings have been documented
using many clinical drawings. Image-guided adaptive
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brachytherapy for cervical cancer is based on repetitive
gynecologic examinations (GE) and MR, to delineate and
distinguish the disease at cervix and adjacent regions for
delivering optimal tumoricidal doses. Clinical drawings
are an integral part of IGABT approach, and have been
widely adopted from the EMBRACE study protocol [3].
Clinical drawings provide semi-quantitative assessment
of the disease in terms of size and extension in various
directions, allow for immediate and quick assessment of
response to radiation, permits selection of brachytherapy
technique, and facilitate inter-observer comparison [4].
The EMBRACE clinical drawings were modified to in-
clude measuring scales in all directions for more accurate
representation of various tumor-related volumes, and
better understanding of target volumes during radio-
therapy treatment. Additional advantage of the modified
drawings is that dimensions of tumor or target can be
delineated on a single diagram, which helps to under-
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stand regression patterns of the tumor during radiother-
apy. Also, it may help to better understand BRT target
concepts and improve quality of BRT in cervical cancer
patients, in terms of efficient contouring and planning.
Moreover, it can have positive implications on contouring
in environments other than MR-based IGABT. The objec-
tives of the current study were to understand patterns of
tumor regression and relationship between gross tumor
volume at diagnosis (GTVD) and high-risk clinical tar-
get volume (CTV-TyR)/intermediate-risk clinical target
volume (CTV-T; volume at the time of BRT). A revised
EMBRACE clinical drawings were used, which may pro-
vide insights into patterns of regression.

Material and methods

Locally advanced cervical cancer patients, admitted
to the Medical University of Vienna and the TMH Mum-
bai, who had completed their treatment till March 2014,
were screened. Forty-two patients from the Medical Uni-
versity of Vienna (n = 28) and the TMH Mumbai (1 = 14),
with histologically proven cervical cancer and FIGO
stages 1IB-IIIB, who participated in the prospective EM-
BRACE study and completed their planned treatment,
were enrolled in the study. MRI pelvis taken at diagnosis
and during brachytherapy, along with schematic clinical
diagrams of gynecological examinations, with individual
tumor extensions and tumor dimensions as specified by
EMBRACE, were included in the analysis. Patients have
provided informed consents during their enrolment in
the EMBRACE trial for analysis and publication of their
treatments’ records. In TMH cohort, all patients under-
went diagnostic MRI (1.5 T, Signa, GE Systems) according
to specific protocol described earlier [5]. Vienna patients
underwent imaging using a 0.3 T open-type MR scanner
[6], and all these patients underwent MR planning. Stan-
dard target-related volumes (GTV, CTV-Ty, and CTV-
T according to GEC-ESTRO recommendations) were
contoured at the time of brachytherapy.

Clinical diagrams utilized for the EMBRACE study
[3] were modified to an advanced schematic 3D-mapping
diagram (3D-MD) in axial, coronal, and sagittal orienta-
tions, with a measurement scale (grid with 10 mm dis-
tance) for a precise assessment and documentation of
available volumetric information (through MRI at diag-
nosis and during brachytherapy). This 3D-MD had been
developed by the authors through iterative testing in clin-
ical settings to provide precise, reproducible, topograph-
ic, and quantitative information in one comprehensive
overview (Figure 1) [7]. In addition, it includes a table to
document tumor and target dimensions at various levels
at the time of diagnosis and brachytherapy (Figure 1). For
tumor mapping and subsequent comparison of volumes
at diagnosis and brachytherapy, only tumor dimensions
from MRI were plotted in 3D-MD.

Methodology of objective documentation
of the tumor and target dimensions

Magnetic resonance images at diagnosis and during
brachytherapy, with applicator in situ were utilized to

delineate the disease at diagnosis (GTVD) and target
volumes (CTV-Tyg and CTV-T|y ) during BRT. Mea-
surements of GTVD, CTV-Tyi and CTV-Tpy in terms of
width, thickness, and height, were plotted on the revised
clinical drawing to generate a schematic map. For the
width and thickness measurements, the utero-cervical
canal was taken as the central axis, and the external os
(surrogate for projection of BRT applicator) was consid-
ered as the reference point and origin. BRT-related vol-
umes were plotted in a superior direction from the origin
at 1 cm intervals, until all volumes were included. The
height of volumes was defined as the maximum longi-
tudinal extent, starting from the cervix towards fundus
of the uterus. Width was measured from axial and cor-
onal sections, in relation to the central axis bilaterally to
include parametrial infiltration, while the thickness and
height were measured on the sagittal section, assisted by
the axial images, with vaginal extension of tumor and
target not accounted.

Qualitative evaluation was performed based on the
drawings of all the 42 cases on individual maps. The
dimensions (height, width, and thickness) and volumes
(GTVD, CTV-Tyg, and CTV-TR) were compared and
correlated (n = 42). The width of CTV-Ty and dimen-
sions were not symmetrical on both sides (left and right)
from the central canal. Thereafter, another quantitative
analysis comparing widths with a particular side (right
or left) of GTVD with CTV-Ty and CTV-Ty at a height
of 0,1, 2, and 3 cm from os and near maximum distance
(NMD) (n = 84) was done. NMD is the distance between
external os (surrogate for cervical canal) and lateral
most extent of parametrial disease on each side, which
can be clinically/clinico-radiologically documented [7].
For each patient, NMD in relation to the cervical canal,
were documented, and resulted in two separate data
sets for right and left sides, in relation to the cervical
canal.

Results

The patients with FIGO stage IIB and IIIB, who under-
went MR-based IGABT procedure were analyzed. With
a mean age of 52 £9.3 years and as per FIGO (2009) stag-
ing, there were 22 stage IIB and 20 stage IIIB patients. All
datasets were available for the final analyses.

Qualitative outcomes

Dimensions of CTV-Tyg followed closely that of
GTVD, with some variations and exceptions. CTV-T
volumes were always closely overlapping CTV-Ty vol-
umes. In most of the cases, CTV-Tyi and CTV-T; were
encompassing GTVD volumes. In some patients, small
parts of GTVD were located outside CTV-Ty and/or
CTV-Tpg.

Quantitative evaluation

Tables 1-3 show in detail the results. The mean + SD vol-
ume of GTVD, CTV-Ty, and CTV-Tjz was 50.7 5.7 cm?®,
55.3 £36.3 cc, and 98.6 +51.1 cc, respectively. Pearson’s cor-
relation coefficient values (r) for CTV-Ty and CTV-Tj
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Fig. 1. Advanced schematic mapping diagram (3D-MD) in axial, coronal, and sagittal orientations, with a measurement scale
(grid with 10 mm distance). A table indicates tumor/target (bilateral) dimensions at various levels at the time of diagnosis
and brachytherapy, obtained from respective MRI. In this study, a qualitative and quantitative correlation between volumes
of GTVD and CTV-Tyy acquired through MRI were analyzed. The schematic diagram, apart from information on MR images,
also summarizes the findings of gynecological examinations. A typical case (stage IIIB) is mapped to illustrate qualitative final

results that were available for evaluation

MR — GTV at diagnostic MRI (GTVD); HR — CTV-T,5; IR — CTV-T; Date of diagnosis MRI — date of MRI done before any treatment; Date of brachy — date of
first brachytherapy; Para — parametrium; Status (diag. MR) — status of parametrium on MRI finding at diagnosis; Status (diag. gyn.) - status of parametrium
from gynecological exam at diagnosis; Status (brachy. gyn.) — status of parametrium from gynecological exam during first brachytherapy. Values 1, 2, and
3 indicate status of parametrium according to the EMBRACE stucly; MRI clinical combined information — schematic diagram and table combines maximum
information obtained from MR images and also status of parametrium from gynecological examination.

volumes with GTVD were 0.66 and 0.64, respectively, with
each correlation value significant (p = 0.00). The r-values
(p-values) for height, width, and thickness between GTVD
and CTV-Tyy at first brachytherapy was significant, show-
ing values of 0.66 (0.00), 0.45 (0.003), and 0.47 (0.002), re-
spectively. The correlation between GTVD and CTV-T; for
height, width, and thickness was similar with r (p value)
of 0.56 (0.00), 0.48 (0.001), and 0.49 (0.001), respectively.
The correlation between CTV-Tyi and CTV-T, in all three
dimensions of height, thickness, and width, approached 1.

The median ratio of width of GTVD/CTV-Tyy and
GTVD/CTV-Tg were 1.1 (range, 0.8-2.6) and 0.8 (range,
0.6-1.9), respectively. Similar values were achieved for
thickness, with 1.2 (range, 0.5-2.7) and 0.9 (range, 0.5-1.7)
for GTVD/CTV-Tyr and GTVD/CTV-Ty, respectively
(Table 1).

The patients were additionally categorized into vari-
ous groups, based on volumetric classification of GTVD
and CTV-Ty in FIGO stage IIB and IIIB cervical cancer pa-
tients treated by IGABT, as reported by Jastaniyah et al. [4].
The patients were classified into groups as follows (num-
ber of patients): group 1 = 2, group 2 =1, group 3 =0,
group 4 = 9, group 5 = 29, group 6 =1 (total, n = 42).
Statistical correlation was done for groups 4 and 5, since
other groups had very few patients. There was a signifi-
cant correlation (correlation coefficient; p = 0.00) between
width of GTVD, and CTV-Tyi and CTV-T} (Table 2).

The dimensions of width in one direction (hence: 1 pa-
tient = 2 observation) from the central canal/tandem at
levels from 0 cm to 3 cm were taken for analysis, and
these dimensions were compared at these levels and at
NMD (n = 84) (Table 3). The correlations of maximum
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Table 1. Quantitative description of the volumes and dimensions of GTV at diagnosis (GTVD), high-risk clini-
cal target volume (CTV-T,z), and intermediate-risk clinical target volume (CTV-Tg) during first brachytherapy.

Pearson’s correlation r-value and p-value are shown whenever applicable

n=42 GTVD CTV-Tig CTV-Tpe GTVD/CTV-Tg GTVD/CTV-Ty
Mean +SD Mean +SD Mean +SD Mean +SD Mean +SD
(median; range) (median; range) (median; range) (median; range) (median; range)
[r (p-value)] [r (p-value)]
Volume (cm?3) 75.7 £50.8 55.3 +36.3 98.6 £51.1 1.7 +1.6 0.9 +0.6
(64.8; 9.7-227.0) (44.3; 12.3-163.0) (87.1; 23.0-231.0) (1.3; 0.3-9.9) (0.7; 0.2-4.0)
[0.66 (0.00)] [0.64 (0.00)]
Height 47.5 +13.1 45.3 +10.8 54.8 £11.3 1.1+0.2 0.9 +0.2
(mm) (46.5; 22.0-75.0) (44.5; 30.0-70.0) (53.5; 39.0-80.0) (1.0; 0.6-1.8) (0.9; 0.9-1.4)
[0.65 (0.00)] [0.56 (0.00)]
Width 60.9 #11.9 55.1+11.6 69.4 £12.9 1.1+0.3 0.9 +0.2
(mm) (62.0; 41.0-90.0) (54.5; 35.0-83.0) (68.5; 44.0-94.0) (1.1;0.8-2.6) (0.8; 0.6-1.9)
[0.45 (0.003)] [0.48 (0.001)]
Thickness 46.2 +13.4 39.3 £10.8 48.1 £10.9 1.2 +0.4 1.0+0.3
(mm) (42.0; 20.0-92.0) (39.0; 19.0-62.0) (47.0; 25.0-71.0) (1.2; 0.5-2.7) (0.9; 0.5-1.7)
[0.47 (0.002)] [0.49 (0.001)]

Table 2. Dimensions of target volumes of patients classifying in group 4 and group 5 according to EBRT re-

sponse according to Noha et al. study

Group4,n=9 Group 5, n =29
Large tumors with moderate response Poor response
GTVD CTV-Tyr CTV-Tjg GTVD CTV-Tyg CTV-Tjg
Mean £SD Mean +£SD Mean +SD Mean £SD Mean +SD Mean £SD
(median; range)  (median; range) (median; range) (median; range) (median; range) (median; range)
[r, p-values] [r, p-values] [r, p-values] [r, p-values]
Volume (cm?3) 96.7 +40.1 45.7 £30.7 79.5 +41.5 73.7 £53.1 61.0 +37.9 109.4 +52.0
(79.0; 43.4-149.5)  (32.7;12.8-103.5) (68.4;23.0-149.8) (64.0;9.7-227.0) (48.0;18.0-163.7) (97.4; 38.4-231.0)
[0.68, 0.002] [0.65, 0.004] [0.74, 0.00] [0.75, 0.00]
Height 56.1.0 £11.4 44.6 +10.7 54.2 #11.5 46.0 £12.6 46.4 +10.9 55.7 +11.6
(mm) (56.0; 40.0-72.0)  (40.0;32.0-65.0)  (50.0; 40.0-75.0)  (45.0; 22.0-75.0)  (45.0; 30.0-70.0)  (55.0; 39.0-80.0)
[0.82, 0.00] [0.83, 0.00] [0.72, 0.00] [0.57, 0.00]
Width 65.0 +11.2 50.3 £10.2 64.3 +12.5 61.0 £11.8 57.6 £11.5 72.0+12.2
(mm) (67.0; 50.0-90.0)  (52.0; 35.0-64.0) (66.0; 46.0-86.0) (62.0; 44.0-90.0) (58.0; 40.0-83.0)  (72.0; 52.0-94.0)
[0.001, 0.99] [0.02,0.9] [0.65, 0.00] [0.61, 0.00]
Thickness 499 +8.8 35.8 +11.0 41.8 +8.7 45.9 +14.5 41.0 £10.2 51.0 +£10.6
(mm) (52.0;35.0-62.0) (36.0; 20.0-54.0)  (44.0; 25.0-54.0) (42.0;20.0-92.0)  (41.0; 24.0-62.0)  (5L.0; 31.0-71.0)
[0.54, 0.02] [0.638, 0.004] [0.51, 0.00] [0.61, 0.00]

width of CTV-Tyi and CTV-Ty; with that of GTVD were
0.41 (0.00) and 0.4 (0.00), respectively.

The ratio of height, width, and thickness of GTVD
with CTV-Tyr and CTV-Ty, and the ratio of width of
GTVD with CTV-Tyy at 0, 1, 2, and 3 cm, and at NMD,
has been calculated by a simple boxplot for visual im-
pression of relationships (Figure 2). It shows that the ra-
tio of height and the total width of GTVD and CTV-Ty
obtained a value approaching 1 in many cases; however,
the interquartile range of values were wide. Therefore,
a definite relation could not be drawn. When considering
width on individual side, this range of variation between
GTVD and CTV-Tyy was still bigger.

Discussion

Clinical drawings and mapping of disease
at diagnosis and during BRT - interpretation
of the qualitative results

Here, we present a developed customized clinical
drawing for tumor mapping and documentation, which
is less prone to subjective errors. Dimensions of GTVD
in the drawing is based on incorporation of dimensions
of the disease at diagnosis. This objective validation of
GTVD mapping was proved by the fact that after the sche-
matic drawings done by the second author, independent
verification by the first author and the most senior author
of the manuscript found the dimensions acceptable. Ac-
cording to the GEC-ESTRO definition, pre-external beam
radiotherapy (EBRT) disease is qualified as CTV-T}, and
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Table 3. Analysis of one-sided width at 0, 1, 2, and 3 cm from os; 1 patient = 2 observations, n = 84

n =284 GTVD CTV-Tyr CTV-Tj Ratio of Ratio of
Width of GTV, Mean + SD Mean + SD Mean + SD GTVD/CTV-Tyg GTVD/CTV-T
HR-CTV, and (median; range) (median; range) (median; range) Mean + SD Mean + SD
IR-CTV from (mm) (mm) (mm) (median; range) (median; range)
central canal (mm) (mm)
0cm 23.2 +6.6 21.6 7.9 29.4 +8.0 1.2 +0.6 0.8 +0.3
(23.0; 10.0-42.0) (22.0; 5.0-41.0) (30.0; 7.0-50.0) (11;0.42-3.2) (0.8: 0.3-2.3)
lcm 274 £7.2 25.3 +6.6 324 +£7.2 1.1+0.4 0.9 +0.2
(26.0; 9.0-50.0) (25.0; 10.0-39.0) (31.0; 19.0-50.0) (1.1, 0.6-2.6) (0.8; 0.4-1.7)
2cm 26.4 +8.9 22.6 +8.2 29.8 +9.4 1.2 +0.5 0.9 +0.3
(26.0; 7.0-47.0) (21.5; 10.0-44.0) (29.0; 12.0-52.0) (1.2; 0.3-2.8) (0.9; 03-2.3)
3cm 241493 19.2 +8.4 25.6 £9.9 1.3 +0.6 1.0+0.4
(24.0; 7.0-45.0) (17.0; 7.0-43.0) (23.0; 11.0-51.0) (13;0.4-3.2) (0.9; 03-2.3)
NMD 30.5 +7.5 27.5+6.5 34.7 +7.1 1.1+0.3 0.9 +0.2
(30.0; 10.0-50.0) (26.0; 6.0-44.0) (34.0; 22.0-52.0) (1.1;0.4-2.8) (0.8; 0.3-1.9)

NMD — near maximum distance; os — cervical os; SD — standard deviation; GTV at diagnosis (GTVD), high-risk clinical target volume (CTV-Tz), and intermediate-risk

clinical target volume (CTV-Tg) during first brachytherapy
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Fig. 2. Boxplot of the ratio of height, width, and thickness of GTVD, and CTV-Ty as well as the ratio of width of GTVD and

CTV-Tigat0, 1,2, and 3 cm and of NMD, respectively

it harbors microscopic disease. In the recent years, CTV-
Tir was more often used for prescribing and reporting
a dose in IGABT. Nevertheless, CTV-T}; is documented
in IGABT and theoretically, it is a robust concept, which
embraces microscopic disease and aim to deliver a total of
60 Gy EQD, dose, as a minimum [8]. Therefore, its identi-
fication from pre-clinical gross volume (when MR during
brachytherapy is not available) could be helpful. A qual-
itative analysis of maps shows that in many cases, CTV-
Tyr and CTV-Ti overlaps GTVD with some deviations.
Further, the variations can be minimized after classifying
residual disease during BRT into various groups, based
on disease at diagnosis and response categorization.
Residual disease, to which BRT is adapted, is essen-
tially a function of two major disease characteristics, in-
cluding disease burden at diagnosis and response to ini-
tial chemoradiotherapy (CTRT). In fact, the importance
of these disease characteristics has been previously rec-
ognized and their impact, not only on local control but
also on overall survival (OS), has been acknowledged.
Three-dimensional tumor volume at diagnosis has

shown to significantly impact outcomes, including OS,
in patients with advanced cervical cancers, unrelated to
FIGO stage [9-11]. The Vienna group has shown that it
is the volume of disease at diagnosis and the function of
response to CTRT, which determine brachytherapy man-
agement to a greater extent than FIGO staging [4].

While MRI remains the gold standard for contouring,
CTV-Tyy for 3D-IGABT, CT-based delineation of CTV-
Tyr may be applied in situations with limited imaging
resources [12]. Documentation and mapping of a disease
is a vital step in cervical cancer image-guided adaptive
brachytherapy. Studies from the Vienna group show that
incorporation of clinical findings during brachytherapy
to CT images during first brachytherapy session, increas-
es the assessment of CTV-Tyy;; [13]. Hegazy et al. reported
that to arrive at a clinically acceptable accuracy, such CT
contouring, needs to be always based on a comprehen-
sive 3D documentation of repetitive gynecological exam-
inations [12]. Summary of tumor dimensions may help
the physician to improve clinical examination during
brachytherapy and assist in appropriate BRT applica-
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tion. We acknowledge that BRT applicator can be defined
based on pre-BRT MRI; however, this is not feasible in
majority of the centers, where MRI units are not accessi-
ble. Ideally, it would be to perform real-time imaging for
applicator selection and MR imaging with BRT applicator
in place. Our study could help to improve existing BRT
environments, and improve quality of BRT practice in
a non-MRI environment during brachytherapy.

Quantitative analysis

The mean and median values of total width, thickness,
and height of GTVD follow that of CTV-Ty and CTV-
Tir. There was a significant correlation of height, width,
and thickness among GTVD, CTV-Tyg, and CTV-Tyg.
The correlation was strongest with height (Table 1), and the
ratio of GTVD/CTV-Tyy was 1.1 0.2, which could help to
presume that the height of the disease at diagnosis may
be taken as the height of HR-CTV during brachytherapy.
This is not true with other dimensions, including width
and thickness, possibly due to a significant deformation
of the anatomy as a response to external radiotherapy and
chemotherapy. Table 2 shows if the response of EBRT was
poor (group 5), the width of CTV-Ty was more consistent
with the width of disease at diagnosis. While for the group 4,
there was learning curve, which may require grouping as
well as more diligent assessment, particularly the width
and NMD's of right and left sides. There is a growing ex-
perience and current area of research, especially for alter-
nate imaging modalities other than MRI.

In Table 3 (n = 84), the maximum width in any di-
rection (right or left) of CTV-Ty and CTV-Ty; follows
GTVD, and when the mean or median value of the sam-
ples are considered, the standard deviations of such
mean values are high, ranging from 5 mm to 10 mm.
Therefore, the relation between width of CTV-Tyi and
GTVD was not predictable. It was understood that ex-
trapolation of CTV-Tyi and CTV-Ty; from GTVD needs
other complimentary imaging during BRT. Also, we feel
that if we were able to achieve a reasonable accuracy and
strong correlation between GTVD and CTV-Ty; in terms
of NMD's (right and left), this could assist in optimizing
treatment plans to achieve the best possible constraints of
CTV-T}g and possibly HR-CTV. NMD's are useful in de-
fining the disease extent into the parametria, which helps
to understand and refine total width of the tumor. Right
and left NMD’s in relation to the external os or uterine ca-
nal, provide better understandings of the involvement of
individual parametrium. This information is vital during
BRT to decide an appropriate BRT application, especially
intracavitary + interstitial type. The width of NMD can
also assist to define the adequacy of needle placement,
such as medial and/or lateral planes for needle insertion,
and help to reduce uncertainties associated with delinea-
tion of the width during BRT in a CT environment.

There have been several attempts to evaluate and de-
fine methodologies for CT imaging contouring [13-15].
Similar attempts to use ultrasonography (USG) for de-
fining CTV-T|; were also published [12, 16, 17]. The exact
pre-EBRT documentation of disease, along with the use
of information from USG and CT scan, would help to im-

plement IGABT with more confidence in the centers with
less availability of MRI facilities. The present study and
this exercise of using clinical drawings were performed
to understand and evaluate correlation between pre-EBRT
tumor dimensions and BRT-related target volumes. In
IGABT processes, target contouring is associated with some
uncertainties depending on imaging planning performed.
These measures are significant steps towards reducing ma-
jor uncertainties related to non-MRI environment of IGABT
in cervical cancers patients. An example of use of clinical
drawings and significant correlation between MRI and
CT-based CTV-HR has been reported [18]. This was further
investigated and resulted in upcoming guidelines [7, 19].
Such meticulous schematic information collection and ex-
ercises can help to select BRT technique (intracavitary [IC]
alone/IC + interstitial [IS]), which would reduce uncertain-
ties related to contouring during BRT both for MRI and
non-MR imaging-based BT. Further, it would assist during
planning and plan evaluation by reducing contouring un-
certainties, especially in lateral edges of the target. Recently,
the use of modified drawings, NMD’s, and patterns of re-
gression information has been recognized as vital informa-
tion, and has been proposed in the recent IBS GEC-ESTRO
ABS recommendations for CT-based contouring in IGABT
for cervical cancer patients [20].

Nevertheless, further studies with larger cohort of pa-
tients and imaging sets are warranted to further validate
the use of modified clinical drawings.

In conclusion, the qualitative and quantitative anal-
ysis of using modified clinical drawings confirms the
correlation of CTV-Tyg with GTV at diagnosis in IGABT
environment for cervical cancer. Mapping of various vol-
umes related to cervical cancers during external beam
and brachytherapy on the modified clinical drawings,
provides important insights towards achieving a com-
prehensive and optimum IGABT approach, including ob-
jective response evaluation, appropriate BRT applicator
selection, objective target volume delineation, etc.

Funding

The project was conducted from research grants pro-
vided by Elekta Nucletron and ESTRO-TTG grant.

Disclosure

Department of Radiation Oncology at the Medical
University of Vienna receives financial and/or equip-
ment support for research and educational purposes from
Elekta (Nucletron B.V.) and Varian Medical Systems, Inc.

References

1. Potter R, Haie-Meder C, Van Limbergen E et al. Recommen-
dations from gynaecological (GYN) GEC ESTRO working
group (II): concepts and terms in 3D image based treatment
planning in cervix cancer brachytherapy - 3D dose volume
parameters and aspects of 3D image-based anatomy, radia-
tions physics, radiobiology. Radiother Oncol 2006; 78: 67-77.

2. Potter R, Tanderup K, and Kirisits C et al. The EMBRACE II
study: the outcome and prospect of two decades of evolution
within the GEC-ESTRO GYN working group and the EM-
BRACE studies. Clin Transl Radiat Oncol 2018; 9: 48-60.

Journal of Contemporary Brachytherapy (2021/volume 13/number 5)



518

Umesh Mahantshetty, Susovan Banerjee, Alina Sturdza, et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. https:/ /www.embracestudy.dk
. Jastaniyah N, Yoshida K, Tanderup K et al. A volumetric

analysis of GTVD and CTV-THR as defined by the GEC ES-
TRO recommendations in FIGO stage IIB and IIIB cervical
cancer patients treated with IGABT in a prospective multi-
centric trial (EMBRACE). Radiother Oncol 2016; 120: 404-411.

. Mahantshetty U, Swamidas ], Khanna N et al. Reporting and

validation of Gynaecological Groupe Euopeen de Curiether-
apie European Society for Therapeutic Radiology and On-
cology (ESTRO) Brachytherapy Recommendations for MR
image-based dose volume parameters and clinical outcome
with high dose-rate brachytherapy in cervical cancers: a sin-
gle-institution initial experience. Int | Gynecol Cancer 2011; 21:
1110-1116.

. Pétter R, Dimopoulos ], Georg P et al. Clinical impact of

MRI assisted dose volume adaptation and dose escalation in
brachytherapy of locally advanced cervix cancer. Radiother
Oncol 2007; 83: 148-155.

. Mahantshetty U, Gudi S, Singh R et al. Indian Brachyther-

apy Society Guidelines for radiotherapeutic management
of cervical cancer with special emphasis on high-dose-rate
brachytherapy. ] Contemp Brachytherapy 2019; 11: 293-306.

. Haie-Meder C, Pétter R, Van Limbergen E et al. Recommen-

dations from Gynaecological (GYN) GEC-ESTRO Working
Group (I): Concepts and terms in 3D image based 3D treat-
ment planning in cervix cancer brachytherapy with emphasis
on MRI assessment of GTV and CTV. Radiother Oncol 2005;
74: 235-245.

. Mayr NA, Yuh WT, Zheng ] et al. Tumor size evaluated by

pelvic examination compared with 3-D quantitative analysis
in the prediction of outcome for cervical cancer. Int | Radiat
Oncol Biol Phys 1997; 39: 395-404.

Narayan K, Fisher R, Bernshaw D. Significance of tumor
volume and corpus uteri invasion in cervical cancer patients
treated by radiotherapy. Int | Gynecol Cancer 2006; 16: 623-630.
Perez CA, Grigsby PW, Chao KS et al. Tumor size, irradiation
dose, and long-term outcome of carcinoma of uterine cervix.
Int | Radiat Oncol Biol Phys 1998; 41: 307-317.

Mahantshetty U, Naga P, Khadanga CR et al. A prospec-
tive comparison of computed tomography with transrectal
ultrasonography assistance and magnetic resonance imag-
ing-based target-volume definition during image guided
adaptive brachytherapy for cervical cancers. | Radiat Oncol
Biol Phys 2018; 102: 1448-1456.

Hegazy N, Potter R, Kirisits C et al. High-risk clinical target
volume delineation in CT-guided cervical cancer brachyther-
apy: Impact of information from FIGO stage with or without
systematic inclusion of 3D documentation of clinical gyneco-
logical examination. Acta Oncol 2013; 52: 1345-1352.
Viswanathan AN, Erickson B, Gaffney DK et al. Comparison
and consensus guidelines for delineation of clinical target vol-
ume for CT and MR-based brachytherapy in locally advanced
cervical cancer. Int | Radiat Oncol Biol Phys 2014; 90: 320-328.
Viswanathan AN, Dimopoulos J, Kirisits C et al. Computed
tomography versus magnetic resonance imaging-based con-
touring in cervical cancer brachytherapy: Results of a pro-
spective trial and preliminary guidelines for standardized
contours. Int | Radiat Oncol Biol Phys 2007; 68: 491-498.
Schmid MP, Nesvacil N, Potter R et al. Transrectal ultra-
sound for image-guided adaptive brachytherapy in cervix
cancer - an alternative to MRI for target definition? Radiother
Oncol 2016; 120: 467-472.

Banerjee S, Kataria T, Gupta D et al. Use of ultrasound in
image-guided high-dose-rate brachytherapy: enumerations
and arguments. ] Contemp Brachytherapy 2017; 9: 146-150.
Mahantshetty U, Naga Ch P, Khadanga CR et al. A prospec-
tive comparison of computed tomography with transrectal

19.

20.

ultrasonography assistance and magnetic resonance imag-
ing-based target-volume definition during image guided
adaptive brachytherapy for cervical cancers. Int | Radiat On-
col Biol Phys 2018; 102: 1448-1456.

Suneja G, Brown D, Chang A et al. American Brachythera-
py Society: Brachytherapy treatment recommendations for
locally advanced cervix cancer for low-income and middle-
income countries. Brachytherapy 2017; 16: 85-94.
Mahantshetty U, Poetter R, Beriwal S et al. IBS-GEC ESTRO-
ABS recommendations for CT based contouring in image
guided adaptive brachytherapy for cervical cancer. Radiother
Oncol 2021; 160: 73-84.

Journal of Contemporary Brachytherapy (2021/volume 13/number 5)



