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Abstract

Brachytherapy (BT) for locally advanced cervical cancer is vital for optimal outcomes. There is heterogeneity in
brachytherapy treatment practice for cervical cancer across India. In an attempt to standardize various processes involved
in cervical cancer brachytherapy, the expert members of the Indian Brachytherapy Society (IBS) developed a document re-
lated to radiation therapy treatment of cervical cancer with special emphasis on brachytherapy. The guidelines are based
on high quality clinical evidence, expert opinion and consensus wherever evidence was lacking. The document provides
a guide for external beam radiation and details of all the processes involved in high-dose-rate (HDR) brachytherapy in-
cluding patient selection, preparation, principles and technique of BT applications, target and normal tissue definition,
dose prescriptions, BT planning, reporting parameters, common complications of BT and their management, scope for
research, etc. In summary, we present here practical tips and tricks, recording and reporting of cervical cancer brachyther-
apy, which can be implemented in various clinical environments and forms the basis of this report.
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allows delivery of high doses to the tumor, and is the cor-

Purpose . . s
P nerstone for optimal clinical outcomes and toxicities.

Cervical cancer is the second most common malig-
nancy, constituting approximately 17% of worldwide
cancer incidence and 8.4% of overall cancer incidence in
India [1]. Moreover, more than two thirds of them pres-
ent at advanced stage [2].

Radio(chemo)therapy forms the primary curative
treatment modality for locally advanced cervical cancer
[3]. Radiotherapy consists of external beam radiotherapy
(EBRT) with concurrent weekly platinum-based radio-
sensitizing chemotherapy and brachytherapy (BT). BT,
being a highly conformal form of radiation technique,

There are various guidelines for treatment of cervical
cancer including brachytherapy [4,5]. These guidelines
are primarily designed and applicable for the western
world and are of limited value in low and middle-income
countries (LMICs) including India. Moreover, LMICs
have a unique ethnic and cultural background, disease
patterns, health care systems and access to treatment fa-
cilities [6]. Also, inadvertent/suboptimal hysterectomy
for benign causes and incidental diagnosis of cervical
cancer is not uncommon. These situations pose a major
challenge for further management. The treatment practic-
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es are generally influenced by regional differences in cul-
tural and socioeconomic factors, availability of resources
and expertise, improvements in knowledge and technol-
ogy, etc., resulting in highly heterogeneous patterns of
care [7,8]. In an attempt to streamline further manage-
ment and improve the patient care with an intention to
improve the clinical outcome, we proposed to work on
guidelines to suit these clinical situations. The majority
of the centers in India, currently, practice high-dose-rate
(HDR) brachytherapy for cervical cancers [9]. We pro-
pose here the guidelines for HDR brachytherapy for cer-
vical cancers.

Material and methods

A panel of Indian Brachytherapy Society members
with a special interest in the management of cervical
cancer and brachytherapy was constituted. All experts
are from major institutions with a relatively large num-
ber of cervical cancer patients (> 50-100 per year) being
treated and involved in establishing standards for radio-
therapeutic management of cervical cancers in India. The
scope of this report was to review, discuss and propose

some practical recommendations to ensure minimum
standards of radiotherapy with special emphasis on
brachytherapy treatment for cervical cancers in India.
The process involved defining important steps, thorough
literature review and discussion, and guidelines consti-
tuted based on available evidence and its relevance to In-
dian settings. Consensus recommendations were formed
for the spectrum of clinical practice. Guidelines were also
formed for the sections with limited literature based on
consensus recommendations provided by the expert pan-
el. The scope for research in sections with limited litera-
ture was also identified and mentioned in the respective
section when applicable.

Results

Below are the guidelines and recommendations for
cervical cancer management with special emphasis on
brachytherapy.

Pre-treatment and staging workup

Once the diagnosis of cervical cancer is confirmed with
histopathological evaluation, all patients should undergo
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Fig. 1. Clinical drawing for 3 dimensional documentation of disease
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a complete blood count, renal function tests, liver functions,
coagulation parameters, and chest radiograph as part of the
assessment of general status and fitness for therapy.
Thorough clinical examination, under anesthesia if
warranted, for mapping and proper documentation of
local disease topography should be mandatory. Figure 1
and 2 show an example of a clinical drawing which can be
utilized for disease mapping and objective documentation
in terms of extent of disease involving cervical lips, vagi-
na, parametrium, etc., with different color codes/patterns
and measurements in various directions. Apart from con-
ventional dimensions (height, width and thickness) the
width in relation to the central canal/external os is intro-
duced as the near maximum distance (NMD). It is the dis-
tance between the external os (surrogate for cervical canal)
and the lateral most extent of parametrial disease on each
side (right and left NMD) which can be documented clini-
cally/clinico-radiologically. This represents the symmetry
of disease in relation to the cervical canal and assists in
deciding the brachytherapy application more efficiently.
The clinical drawing has been adopted and modified
based on the European study on magnetic resonance im-
age-based adaptive brachytherapy in locally advanced

cervical cancers (EMBRACE) research protocol (www.
embracestudy.dk), Gynaecology group - Groupe Eu-
ropéen de Curiethérapie European Society for Therapeu-
tic radiology and oncology (Gyn GEC-ESTRO) guidelines
and International Commission on Radiation Units and
measurements report number 89 (ICRU 89) recommen-
dations [10,11,12]. This drawing should be utilized for
documentation of disease at diagnosis, and at the time of
each brachytherapy session.

Cystoscopy and procto-sigmoidoscopy with or with-
out biopsy should be carried out if clinically indicated.

Magnetic resonance imaging (MRI) is the gold stan-
dard imaging for assessment of local disease extent (e.g.
parametrial and uterine extent). Trans-rectal ultrasonog-
raphy by an experienced radiologist may be useful in de-
tection of parametrial invasion.

For nodal disease, cross sectional imaging of the ab-
domen and pelvis, either MRI or computed tomography
(CT) is recommended for locally advanced disease to as-
sess pelvic and para-aortic nodal involvement. However,
positron emission tomography-computed tomography
(PET-CT) has higher sensitivity and specificity for detec-
tion of pelvic and para-aortic nodes as compared to CT/MR

Date: 27.05.2019
1D: 123

Cervical cancer: clinical evaluation

Xl Initial evaluation
O At brachy (fraction no. _)

NMD - near maximum distance |

Clinical examination findings: Vaginal disease:

3 x 3 x 7 cm infiltrative growth involving Ant: 0 cm
both lips of cervix, bilateral medial para- Post: 0 cm
metrium (left > right) vagina free, rectal RtLat: 0 cm
mucosa free LtLat: 0 cm

Imaging findings:

CECT scan - heterogeneously enhancing le-|
sion in uterine cervix, enlarged left internal
iliac node 1.5 cm %1.5 cm. No distant mets

FIGO stage
:

ABC

Post

Signature

Fig. 2. An example of clinical drawing for 3 dimensional documentation of disease
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although the evidence is evolving [13]. Hence, PET-CT
may be considered for pelvic and para-aortic nodal as-
sessment subject to availability and affordability. Ultra-
sonography by an experienced radiologist can be an ef-
fective alternative to identify gross pelvic and paraaortic
nodes and the status of the kidney in settings where cross
sectional imaging is not feasible/available.

The final clinical International Federation of Gyne-
cology and Obstetrics (FIGO) staging, after evaluation
of local disease nodal disease, kidney status, and rectal/
bladder mucosal invasion, should be documented. In ad-
dition to FIGO, TNM stage is encouraged for better un-
derstanding of primary and nodal disease.

External beam radiotherapy

The goal of external beam radiotherapy (EBRT) is to
deliver a dose of 45-50 Gy at 1.8-2.0 Gy per fraction to
gross disease and the potential subclinical disease includ-
ing pelvic lymph nodal with or without para-aortic nod-
al regions. Four-field box technique (conventional or 3D
conformal radiotherapy) to adequately cover the target is
recommended. An additional nodal and/or parametrial
boost can be considered when indicated, preferably with
newer delivery techniques. When intensity-modulated
radiation therapy (IMRT) technique is used in cases of an
intact uterus, it should be combined with a strict image
guidance protocol to account for organ motion.

Chemotherapy

Concurrent weekly cisplatin acts as radio sensitizer
and has shown overall survival benefit [3]. Chemother-
apy should preferably start on day 1 or 2 of EBRT and
at least 5 cycles should be delivered [14]. Cisplatin given
(40 mg/m?) weekly along with adequate hydration and
antiemetics, after ensuring adequate creatinine clear-
ance and hematologic parameters, is the drug of choice.
Patients not suitable for concomitant cisplatin chemo-
therapy should be evaluated for alternatives including
carboplatin, 5-fluorouracil, etc. by a medical oncologist
although the data on their use are limited. Alternatively,
patients may be offered radiation therapy alone.

Brachytherapy

Brachytherapy should be an integral part of cura-
tive radiotherapy treatment. Brachytherapy significantly
improves survival as compared to any alternative treat-
ments [15,16].

Patient eligibility

Every attempt should be made to perform the BT ap-
plication and treatment. In patients where BT is not fea-
sible, EBRT boost preferably with highly conformal tech-
niques (IMRT/stereotactic RT) may be considered after
appropriate counseling regarding inferior outcomes [17].

Patient preparation and counseling

The patient has to be explained about the procedure
including risks and benefits involved, emphasizing the

need for brachytherapy for an optimal outcome. The pa-

tient should be counseled about possible adverse events.

Informed consent should be obtained prior to the proce-

dure.

Patient preparation for BT includes:

* preparation of skin and perineum including shaving
and antiseptic vaginal douches,

* bowel preparation to ensure the recto-sigmoid is
empty,

* appropriate management of co-morbidities,

* use of low-molecular-weight heparin (LMWH) once
per day or low-dose unfractionated heparin (UFH)
three times per day may be considered to prevent
postoperative venous thromboembolism in high risk
patients [18].

Anesthesia

Every BT application should preferably be performed
under anesthesia. Anesthesia allows cervical canal dil-
atation and adequate relaxation of the pelvic floor and
vaginal muscles for adequate vaginal packing and a re-
producible brachytherapy application at every fraction
[19]. General and spinal anesthesia are equally effective.
A patient with high risk features and not suitable for gen-
eral/spinal anesthesia or in centers with limited access to
anesthesia facilities, conscious sedation (e.g. with fentan-
yl with/without midazolam) or para-cervical block may
be considered [20,21].

Principles and technique of brachytherapy application

A thorough pelvic examination must be done to as-
sess and document the extent of residual disease and vag-
inal capacity to decide on the optimum size of the vaginal
ovoids/ring/cylinders. This step is extremely important
as this guides the selection of appropriate BT application
technique, which depends on the topography of the re-
sidual disease at the time of BT.

To guide for appropriate BT technique, the topogra-
phy of residual disease at the time of BT may be classified
into the following categories:

* In patients with intact uterus:

- no residual disease,

- residual disease limited to cervix,

- residual disease at cervix limited to medial parame-

trium and/or upper vagina,

- residual disease extending into distal parametrium

and/or lower vagina;
* In post-hysterectomy patients with vault disease, the
residual disease at the time of BT can be classified into:

- no residual disease,

- residual disease confined to central vault,

- residual disease at vault extending into paracolpos/

parametrial tissue.

Depending on the categories defined above, appro-
priate BT techniques may be utilized which may be cate-
gorized into:

* intracavitary brachytherapy (ICBT),
* combined intracavitary and interstitial brachytherapy

(Icrs),

* interstitial brachytherapy (ISBT).

Journal of Contemporary Brachytherapy (2019/volume 11/number 4)


https://www.ncbi.nlm.nih.gov/pubmed/20308664
https://www.ncbi.nlm.nih.gov/pubmed/20091664
https://www.ncbi.nlm.nih.gov/pubmed/19896180
https://www.ncbi.nlm.nih.gov/pubmed/6821861
https://www.ncbi.nlm.nih.gov/pubmed/2004942
https://www.ncbi.nlm.nih.gov/pubmed/23849695
https://www.ncbi.nlm.nih.gov/pubmed/27733271
https://www.ncbi.nlm.nih.gov/pubmed/11878659
https://www.ncbi.nlm.nih.gov/pubmed/9869225
https://www.ncbi.nlm.nih.gov/pubmed/26207117

IBS guidelines for cervical cancer brachytheropy

297

Various commercially available BT applicators and
their physical and dosimetric properties for different BT
techniques are given in Table 1 (Figure 3).

Intracavitary brachytherapy

Intracavitary brachytherapy is recommended if there
is no residual disease, or residual disease at the cervix or
limited to the medial parametrium and/or upper vagina.
It primarily consists of placement of an applicator in uter-
ine and vaginal cavities in the vicinity of target tissues
(residual disease, uterus, parametrium, adjacent vaginal
mucosa) by using uterine tandem and various vaginal

source carriers such as ring/ovoids/cylinders. The use
of vaginal applicators depends on the residual disease in
the vagina; the upper vagina is usually well covered with
ring/ovoid systems and for extensive vaginal residual
disease beyond the upper vagina, vaginal cylinders are
preferred.

The general principles of standard ICBT procedures
are as follows:

The patient is positioned in lithotomy position fol-
lowed by antiseptic painting and draping. The bladder is
catheterized using a Foley catheter and a Foley bulb is in-
stilled with 7 cc of radio-opaque dye if planned for radio-

Table 1. Brachytherapy applicators used for treatment of gynecological cancers

Intracavitary brachytherapy (ICBT) applicators

Tandem and ovoid (TO) or Fletcher suit (FS)
type applicator ICBT

Consists of uterine tube (central tandem) and 2 colpostats. Various angles of central
tandems and various sizes of colpostats are commercially available. It is a semi-fixed
applicator made of stainless steel or CT/MR compatible acrylic material or titanium
alloy

It is one of the most commonly used applicators, designed to deliver adequate dos-
es to uterus/cervix, upper vagina (2-2.5 cm) and medial parametrium by a standard
pear-shaped dose distribution

Tandem and ring (TR) applicator — ICBT

Consists of uterine tube and a ring as vaginal source carrier. It is a fixed geometry
stainless steel or CT/MRI compatible applicator and has similar dose distribution
properties as those of the TO applicator. The ring provides an additional degree of
freedom to load the vaginal sources over the ovoids. However, there are no substan-
tial data to suggest the dosimetric difference between TO and ring applicator

Tandem with vaginal cylinders — ICBT

Consists of central tandem and vaginal cylinders available in various diameter sizes
Cylinders are used in cases of narrow conical vagina where ovoids/ring are difficult
to accommodate or in cases of residual disease extending beyond the upper vagina.
The dose distribution is cylindrical. As there is a single source channel, lateral throw
off of dose in to the parametrium is less as compared to ovoids/ring

Intracavitary and interstitial (IC + IS) applicators

TR with interstitial needles
(Vienna applicator) —IC + IS

It is based on a MRI compatible tandem with ring with an array of holes in the sur-
face of the ring for insertion of needles/tubes into the medial parametrium. Hence it
provides a template at the level of the vaginal fornices to insert needles/tubes into
the parametrium. These needles when loaded improve the lateral dose throw off by
another 1.5 cm to treat additional parametrium [20]

TO with interstitial needles
(Utrecht applicator) — IC + IS

On similar principles as the Vienna applicator for IC + IS, the Utrecht applicator has
holes in the ovoids to insert needles into the parametrium to improve coverage
beyond point A

Venezia applicator

Consists of central tandem, ovoids/two ring halves that can accommodate straight
or diverging interstitial parametrial needles and a detachable perineal template. The
applicator is designed for the treatment of advanced disease with involvement of lat-
eral parametrium with the modified ovoid/ring 2 halves system and/or lower vagina
or paracolpos with the perineal template

Interstitial templates

Syed-Neblett GYN Template

Consists of perineal template with provision for central vaginal cylinder and tan-
dem when required. The template provides an array of holes to insert needles/tubes
through the perineum in a butterfly shaped positions

Martinez Universal Perineal Interstitial
Template (MUPIT)

The device consists of an acrylic perineal template with a predrilled array of holes to
guide passage of straight and divergent needles, and the cylindrical obturator. Num-
ber of needles, depth of insertion, angle and positions of needles determine the dose
distribution characteristics and can be used to treat the desired target area in the
pelvis. The needles can be secured for individual movements with the help of screws
and a reinforcement plate
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Fig. 3. Commonly used gynecological brachytherapy applicators for cancer of cervix. A) Fletcher Suit applicator; B) Tandem
with ring; C) Tandem with cylinders; D) Vienna applicator; E) Syed-Neblett gynecological interstitial template; F) Martinez
Universal Perineal Interstitial Template (MUPIT); G) Utrecht applicator; H) Venezia applicator
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graph-based dosimetry or normal saline if planned for CT/
MR-based dosimetry. The catheter should be pulled down
so that the bulb rests against the trigone of the bladder and
secured by fixing the Foley catheter to the inner thigh by
a micropore. A fixed bladder protocol, which is reproduc-
ible and as mandated by the institution, should be chosen
and followed. A thorough examination under anesthesia
or sedation is done for disease mapping and documenta-
tion of dimensions should be done. The uterine cavity is
sounded and a uterine tandem of appropriate length and
angle with flange/stopper is inserted. It is recommended
to use the guidance of real-time ultrasonography (with
or without bladder filling) to ensure that the tandem is
placed in the uterine cavity so as to avoid uterine perfo-
rations [22]. The cervical canal is appropriately dilated be-
fore tandem insertion. Optimum ovoid/ring size should
be used without compromising vaginal packing. Adequate
vaginal packing (radio-opaque gauze for conventional ra-
diograph-based planning) is done anterior and posterior
to the ovoid/ring in an attempt to push the rectum and
bladder away from the high dose region. The rest of the
vaginal packing distally is done to stabilize the applicator
geometry. Care should be taken not to extend the vaginal
packing cranial to the ovoid/ring. Rectal separators can be
used alternatively for rectal packing. The packing should
be done appropriately and carefully to avoid any distur-
bance in the position and geometry of the applicator.

If the upper vagina is narrow and conical, tandem
with single ovoid BT application can be done [23]. How-
ever, if the residual disease in the vagina extends be-
yond the upper vagina, tandem-cylinder application or
an ovoid applicator with a vaginal cap is preferred. The
major limitation of tandem-cylinder ICBT application is
compromise in the dose to the medial parametrium by
virtue of poor lateral throw off of the isodose distribution
and higher doses to organs at risk. The applicator should
be secured with a T-bandage (Figure 4).

Combined intracavitary and interstitial
brachytherapy

Combined intracavitary and interstitial brachythera-
py is recommended if the residual disease at the cervix

|

extends into the parametrium beyond the medial third at
the time of BT. The principle of ICIS application includes
insertion of interstitial needles/tubes in addition to the
standard ICBT procedure. The needles/ tubes are inserted
through the array of holes in the ovoids/ring into the me-
dial parametrium, in parallel direction to the tandem [24].
If the residual disease extends into the lateral parametri-
um, then insertion of additional oblique needles/tubes in
the lateral parametrium can be attempted.

Usually 4/5 cm length of needle is inserted into the
parametrium from the surface of the vaginal applicators
(ovoid/ring). Commonly used applicators include the
Vienna applicator, Utrecht applicator, Venezia applica-
tor or Tandem with perineal template (Syed-Neblett or
MUPIT). Patient preparation and painting/draping and
the catheterization procedure are similar as described in
ICBT. After placement of the central tandem in the uterine
cavity and confirmation using US, the ring/ovoids with
the needles/tube preloaded is locked with the tandem.
The interstitial needles in desired positions are inserted
to a depth of around 4-5 cm from the surface of the ring/
ovoid. Needle channels should be numbered preferably
in clock-wise direction. Vaginal packing is done as ap-
plicable in order to fix the applicator and needle system
and a rectal tube is inserted to keep the rectum collapsed
(Figure 3).

Interstitial brachytherapy

Interstitial brachytherapy is recommended in vault
cancers with residual disease at vault with significant
disease in the parametrium at the time of BT [25]. Com-
monly used templates for ISBT are MUPIT and Sy-
ed-Neblett or customized templates. Newer MRI com-
patible templates (e.g. Benidorm template) are also used
if MRI-based planning is considered [26]. The principles
of the ISBT procedure include thorough pelvic examina-
tion under anesthesia and implantation of radio-opaque
silver markers to mark the superior, central, and infe-
rior extent of the residual disease whenever feasible.
The length of the vagina is determined using the ob-
turator. With the obturator in the vagina and the tem-
plate against the perineum, stainless steel needles with

Fig. 4. Picture depicting T bandage (A), rectal tube (B) and rectal tube with applicator in situ (C)
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a trocar tip (18-20 cm length) are inserted through the
perineum into the desired target adequately using an
array of holes over the template. The number and posi-
tion of the needles are according to the stipulated depth
under digital rectal examination with or without trans-
rectal ultrasound guidance. Digital rectal examination/
trans-rectal ultrasound is used to ensure that the needles
are adequately placed in the desired target area and are
away from the rectal mucosa. A rectal tube is placed into
the recto-sigmoid to keep the rectum collapsed and con-
tinuously drain the mucous discharge throughout the
treatment. All the needles are secured in between the
two plates with fixation screws. The template assembly
is fixed to the perineal skin by stitches at the four corners
of the template. Adequate intra- and postoperative an-
algesia should be considered for all the brachytherapy
application procedures.

Imaging for treatment planning

Imaging after placement of the applicator provides
essential information regarding relative positions of the
applicator with respect to target and normal structures
and allows contouring of these structures and documen-
tation of the doses received by the target (point A or high
risk clinical target volume) and organs at risks (OAR).
Use of imaging is mandatory for treatment planning.
Orthogonal radiographs and cross sectional imaging
(CT/MRI) are among the imaging modalities that
have been widely used in planning for cervical cancer
brachytherapy. There is accumulating evidence for the
use of MR image-based brachytherapy with improved
outcomes and hence it can be considered as the preferred
method whenever available [27,28].

Orthogonal radiography: it is recommended to use
orthogonal radiographs as a minimum standard for cer-
vical brachytherapy imaging for planning after every ap-
plication. This allows evaluation of applicator geometry
and some basic dosimetry parameters, in particular for
the rectum/vagina and bladder.

Cross sectional imaging: cross sectional imaging to ac-
quire 3D image data set for volumetric planning and dose
recording should be performed whenever feasible.

MRI: MRI is the gold standard imaging for evaluation
and BT planning during cervical cancer radiotherapy. Use
of MRI during brachytherapy would help in accurate delin-
eation of the target and organs and hence provide a higher
degree of freedom for planning. Volumes related to target
can be defined using T2W non-contrast MRI sequences
(para-sagittal /sagittal, para-axial/axial and para-coronal/
coronal - fast spin echo or FSE sequence) that are acquired
preferably with the applicator in situ. For better under-
standing of the protocol, GEC ESTRO working group rec-
ommendations or ICRU 89 should be followed [12,29].

CT: CT can be used for planning as an alternative to
MRI. Use of the CT information, delineation of organs at
risk and evaluation of OAR-based dose-volume histo-
gram (DVH) parameters can be routinely done. However,
tumor-related target delineation is a major challenge and
remains an area of current research [30].

Also, there has been an increased interest in the use of
low cost technology imaging such as ultrasonography for
BT treatment planning. Further research and generation
of robust data using US in BT planning are warranted
[31,32,33].

Target and organs at risks definitions

Historically, the target volume for BT boost reflected
the gross disease at diagnosis including the whole uterus,
which was mainly based on the Institut Gustav Roussy
practice and experience. The concepts of target definition,
prescription and planning of brachytherapy for cervical
cancer have evolved over decades through various pre-
scription and dosimetric systems across the world. The
Manchester system-based point A (Figure 5) and vol-
ume-based prescription and planning developed by the
GEC-ESTRO working group, detailed in ICRU 89, are the
most widely accepted systems for target definition and
planning currently.

Fig. 5. Defining point A for tandem-ovoid (A), tandem-ring (B) and tandem-cylinder (C) applications (Al: left point A,
A2: Right point A, r = ovoid diameter)
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e Bladder

* CTV

e CTVyg

e GTV-T * Rectum

Fig. 6. Delineation of various structures on magnetic resonance images with applicator in situ. Gross tumor volume (orange),
high risk clinical target volume (red), intermediate risk clinical target volume (green), bladder (cyan), rectum (blue) in axial (A),

sagittal (B), and coronal (C) images can be noted

In orthogonal X-ray-based BT planning and point A
prescription, there is no established surrogate for target;
however, the NMDs when defined on radiographs may
serve as the surrogate. ICRU bladder and recto-vaginal
points are surrogates for bladder, rectum and vaginal
doses.

In MR image-based planning, T2 weighted images
are used to delineate the target and OARs (Figure 6). The
delineation of the target should include the gross tumor
volume at the time of brachytherapy (GTVj), high risk
clinical target volume (CTVyy), intermediate risk clinical
target volume (CTV|R) and bladder, rectum and sigmoid
as OARs according to GEC-ESTRO/ICRU 89 recommen-
dations. The outer wall of the organ is contoured routine-
ly and based on this DVH parameters such as for 2 cc
for the rectum and bladder can be generated routinely,
while extraction of the wall and DVH parameters are an
area of research [10,11]. For the transition from conven-
tional X-ray-based to 3D image-based brachytherapy,
many institutes continue point A-based prescription on
CT imaging and optimization is done for OARs, which

is acceptable. In addition, NMDs may also be defined on
either side of the tandem.

Target and normal tissue definitions are summarized
in Table 2 [12]. The target at BT on MRI should be guided
by clinical information of disease extent at diagnosis and
BT and pretreatment MRI (MRI done before any treat-
ment, i.e. before EBRT).

The target delineation in case of vault brachythera-
py is less well defined and there is a need for further re-
search on this subject. Currently, the target definition in
such settings is guided by the information derived from
clinical and imaging findings at the time of brachyther-
apy and guided by the implant geometry and catheters
(needles/tubes).

Applicator reconstruction

Applicator reconstruction is the process of defining
all the source channels on the brachytherapy planning
images. Errors in applicator reconstruction can lead to
geometric and dosimetric uncertainties [34]. Hence ap-

Table 2. Target and organs at risk definition in brachytherapy for cervical cancers (International Commission
on Radiation Units and Measurements (ICRU) report no. 89 can be referred to for a detailed description)

Imaging for planning

Defined target structures

Organs at risk

Orthogonal radiographs Point A

ICRU bladder and recto-vaginal points

Right and left near maximum distance points

if feasible

Computed tomography Point A

CTVyr.cr (To be delineated strictly by experi-
enced physician or in research setting)

Right and left near maximum distance points
encouraged for further research

ICRU bladder and recto-vaginal points

Bladder, rectum, sigmoid, bowel contouring and
documentation of dose volume parameters
(DO.lcm3’ chm3)

Point A
GTV,
TV,
CTVi

Magnetic resonance imaging

ICRU bladder and recto-vaginal points

Bladder, rectum, sigmoid and bowel contouring
and documentation of dose volume parameters
(DO.lcm3: D2cm3)

Right and left near maximum distance points
related to CTV g for further research
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plicator commissioning is a prerequisite for minimizing

errors during the applicator reconstruction process.

The applicator commissioning includes verification
of the (i) applicator geometry using phantom scans or
technical drawings, (ii) source path and dwell positions
by autoradiography or imaging of the source inside the
applicator.

Applicator commissioning is a prerequisite for a high
level of accuracy in the applicator reconstruction process.
The source positions are identified in relation to reference
points within or in relation to the outer surface of the ap-
plicator. The applicator geometry and source channel can
be assessed from phantom scans or from technical draw-
ings of the applicator. Reconstruction of the applicator
should be verified during applicator commissioning with
which the source path and the outer dimensions of the
applicator are verified in order to approve the applicator
for clinical use. Applicator commissioning also includes
an assessment and verification of selected dwell positions
by autoradiography or imaging of the source inside the
applicator (ICRU 89). The details of applicator commis-
sioning are described in the GEC ESTRO recommenda-
tions [12,35]. A short summary is provided here.

The applicator reconstruction can be classified into
two types:

1. Direct digitization when the source channels or mark-
er wires are visible in the images.

2. Library-based digitization in which fixed-geometry
applicators are merged with the patient images based
on fusion of reference points or by direct positioning
of the applicator shape into the images according to
visible structures of the applicator, such as parts of
the source path or the outer surface of the applicator.
For radiograph-based planning: Coded radiopaque mark-

ers placed in the source channel at the time of image ac-

quisition ease the process of applicator reconstruction with
acceptable accuracy. However, for ring applicators, or-
thogonal oblique images are preferred over anterolateral.

For CT-based planning: Visualization of the source chan-
nel without any markers is recommended while using CT
images, as the contrast of the source channel and the outer
surface of the applicator is adequate for direct digitization.
Alternatively, it is also possible to insert markers in the
source channels, which may be used as a guide during re-
construction; however, care must be taken that there are no
artefacts, which may hinder the reconstruction process, be-
cause e.g. the markers for radiograph-based planning pro-
duce strong artefacts and hence should be avoided during
CT image-based planning.

For MR image-based planning: Neither the source chan-
nel nor the applicator outer surface produces any signal on
MRI images. Hence, special MR markers are used which
produce an MR signal when inserted in the source chan-
nels during imaging. These markers are generally plastic
catheters filled with water/copper sulfate which are avail-
able commercially. Apart from verification of the source
path and dwell position during commissioning, suscep-
tibility image artefacts created by tip of the applicator/
titanium/ plastic tube should be characterized for the MR
scanner used for MR image-based BT planning [29,35,36].

Source loading patterns, planning and optimization

The standard loading pattern for uterine and vag-
inal sources is essentially derived from radium loading
of the Manchester system, which is the most commonly
accepted system with vast clinical experience for cervi-
cal brachytherapy worldwide. With the advent of minia-
ture sources (*Ir), after loading techniques and stepping
source technology, the source loading can be simulated
to that of radium loading used in the Manchester system
so as to achieve a standard pear-shaped distribution. An
example of loading patterns for standard intracavitary
BT application (tandem-ovoids/ring) commonly used is
given in Table 3.

Orthogonal X-ray-based ICBT planning: This includes
standard loading patterns, normalization of the dose to
point A to achieve a standard pear-shaped distribution,
and evaluation of doses to ICRU recto-vaginal and blad-
der points. Doses delivered at NMDs, which represent
a near minimum dose on either side, may also be doc-
umented. Manual optimization of the dwell time and
dwell positions without major variations may be accept-
able. Re-application should be considered in case of unac-
ceptable geometry [12].

CT-based ICBT planning: The principles of loading and
planning remain similar to orthogonal X-ray-based ICBT
planning. Additionally, manual optimization to improve
DVH parameters to OARs may be performed. Extreme
care is needed during optimization, and deviation from
standard loading and pear shape of dose distribution
should be as minimal as possible. Optimization should not
compensate for poor applicator geometry. Re-application
should be considered in case of unacceptable geometry.

MR/CT image-based ICBT/ICIS planning: The planning
is initiated with standard ICBT loading, normalization to
point A, optimization to reduce doses to OARs and eval-
uation of doses to CTVy. Deviation from standard intra-
cavitary loading should be minimal and doses to point
A seldom less than 80% of the desired prescription. For
ICIS applications, adequate DVH parameters with stan-
dard ICBT planning should be achieved; subsequently,
the source positions in the needles/tubes should be ac-
tivated in relation to the target (CTVyR) and care should
be taken not to load in the region of the vaginal mucosa
(at least 5 mm beyond). Also, the dwell time in the nee-
dles should be in the range of 10-20% and definitely not
beyond 25% of the loading in the tandem or ovoid/ring.

Plan evaluation and documentation of various DVH
parameters should be based on GEC ESTRO/ICRU 89
recommendations.

Interstitial BT planning: CT imaging is usually per-
formed for template-based interstitial BT planning.
However, MRI-based planning may be performed if an
MR-compatible applicator is used. The BT planning is
primarily based on basic Paris system rules [37] for in-
terstitial BT including defining basal dose (BD) points,
normalization to these points and prescription to the ref-
erence isodose (e.g. 85% or 90% isodose). However, with
the use of a stepping source dosimetry system, the plan
is further optimized using geometric followed by manual
optimization. Graphical and volume-based optimizations
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Table 3. Example of standard loading pattern in tandem/ovoid and tandem/ring applicator

Tandem and ovoid applicator

Active dwell positions (2.5 mm spacing)

Ovoid 1.5and 2 cm 4 5 = = — _ _
nominal
. 2.5and 3 cm 4 5 7 = — _ _
diameter
Tandem 4.cm 1 3 7 10 13 - -
length
5cm 1 3 7 10 13 16 —
6cm 1 3 7 10 13 16 20

Tandem and ring applicator

Active dwell positions (2.5 mm spacing)

Ring 26 mm 4 6 10 21 23 25 27
nominal
. 30 mm 5 7 11 24 26 28 30
diameter
34 mm 7 9 13 28 30 32 34
Tandem 20 mm* 1 4 - - - - -
[ h
engt 40 mm 1 3 7 10 13 16" _
60 mm 1 3 7 10 13 16 20

*If the tandem length is 20 mm, then the ring dwell weights are decreased by 30%; *The dwell position of 16 is not loaded if the ring diameter is 26 mm

are not recommended. If performed, it should be done by
an experienced team only.

Radiation therapy dose prescription

The prescription depends on the EBRT and BT sched-
ules. The combined EBRT and brachytherapy dose is
generally expressed in terms of equivalent dose at 2 Gy
per fraction (EQD,) assuming a/ 8 of 10 Gy for tumor and
3 Gy for OARs. The dose effect curves to achieve opti-
mum local control rates and late effects are evolving.

Currently, a minimum dose of 75 Gy (range: 75-85 Gy)
EQD, to point A depending on the stage, or a minimum
dose of 85 Gy (range: 85-90 Gy) EQD, to target (CTVyr
Dy) should be delivered [38]. A balance between the
target and OAR doses should be made depending on
the stage and residual disease at BT. In patients with
extensive residual disease, the OAR doses may be com-
promised to achieve better target doses while reduction
in OAR doses may be attempted in patients with no re-
sidual disease. Recent literature suggests that the dose
constraints (measured as EQD,) for the ICRU bladder
point and ICRU recto-vaginal point (previously known
as ICRU rectal point) are 95 Gy and 65-70 Gy, respective-
ly. Similarly, in 3D planning 2 cm® doses for bladder and
rectum should be restricted to less than 95 Gy and 75 Gy,
respectively [39,40].

Various HDR fractionation regimens have been used
for cervical cancer brachytherapy which range from 5 to
9 Gy per fraction prescribed at either point A or to the
CTVyR (Dg) at 1-2 fractions every week for a total of 2-6
fractions to achieve the planning aim of external radio-
therapy and brachytherapy [41]. It is recommended to
limit the dose per fraction to less than or equal to 7 Gy.
Higher doses (up to 9 Gy) per fraction or more frequent
(not more than 2 applications per week) [42] may be used

to respect the overall treatment time (OTT) of less than
56 days.

Overall treatment time for the combination of EBRT
* concurrent CT and fractionated HDR BT should not
exceed 8 weeks.

When an interstitial template is used for delivering
boost doses, the most commonly used dose prescription is
4 Gy per fraction for 4-6 fractions (16-24 Gy) prescribed to
the reference isodose volume depending on residual dis-
ease burden, OARs’ doses and institutional practice [25,43].

Reporting

BT prescription reporting should be as per ICRU

89 recommendations. Minimum standards (level 1) for

reporting are detailed in Table 4 [12]. Although level 1

reporting is recommended as a minimum standard of

reporting, it is encouraged to report advanced reporting
parameters as described in the ICRU 89 report. In addi-
tion to ICRU 89 recommendations, reporting of near min-
imum dose to near maximum distances (right and left) is
encouraged for further research.

Brachytherapy procedure related complications:

1. Perforation: Perforation during BT is commonly seen
as a false passage through the fornices, missing the
uterine canal or perforation through the wall of the
uterus or cavity. These are often missed on orthogo-
nal X-ray-based planning imaging, and reported liter-
ature suggests up to 15% perforation rates [22]. These
can be prevented by the use of real-time ultrasonogra-
phy (transabdominal US) intra-operatively during the
BT procedure. The perforations can also be identified
on cross sectional imaging done for BT planning. In
cases of perforations through the fornices or anterior/
posterior walls of the uterus, the BT should be aban-
doned and a procedure under US guidance is recom-
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Table 4. Recommended reporting parameters
in cervical cancer brachytherapy

1. FIGO/TNM stage

2. Baseline morbidity and QoL assessment

3. Schematic 3D documentation on a clinical diagram indicat-
ing dimensions (width, thickness, height) for:

e GTV at diagnosis

e GTV at brachytherapy

o CTVyg

o CTVg

» Near maximum distance (NMD): left and right

4. Dose reporting

* TRAK

* Point A doses: left and right

* Recto-vaginal reference-point dose

* Bladder reference-point dose

» Near minimum doses to NMD: left and right

* Dy, Dgg, Dgg for CTV g and CTV g

* Dg.1cm3 @nd Dyq3 for the bladder, rectum and sigmoid
(if volumetric imaging done)

5. Dose delivery pattern

* Absorbed-dose rate/dose per fraction

» Number of fractions

» Time between fractions

» Overall treatment time

* Total EQD, dose (EBRT + BT)

6. Source and dose calculation

» Radionuclide and source model

* Source strength

* Dose-calculation algorithm

mended. In cases where tandem perforation occurs
through the uterine cavity and fundus, brachythera-
py could be delivered by avoiding source loading at
the top of the tandem. These patients should undergo
close monitoring including abdominal girth charting
and treated with a course of antibiotics.

2. Bleeding: Bleeding from the tumor or procedure-re-
lated injury is encountered during the procedure or
removal of the BT application. In the majority of situ-
ations, the bleeding can be arrested with conservative
management including vaginal gauze packing and
antifibrinolytics (tranexamic acid). If there is consid-
erable blood loss, replacement is done by blood trans-
fusions. If the bleeding is due to a vaginal tear, repair
by suturing should be done under anesthesia.

3. Vaginal injuries: Vaginal injuries in the form of muco-
sal abrasions and tears related to the procedure may
be seen. The treatment includes repair of the tear by
suturing, avoiding BT treatments for 7-10 days and
antibiotic therapy.

4. Bladder/rectal/bowel injuries: These are very rare
and may require specialist surgeon care.

5. There is a lack of clinical data on brachytherapy-relat-
ed complications and their management and there is
a need for further research on this subject.

Follow-up

After the completion of planned therapy, response
evaluation is usually done after 3-4 months. Patients
with residual disease at the 1%t follow-up undergo
close follow-up over the next 2-3 months. Patients with
a complete response are reviewed every 3-4 monthly for
the first 2 years and 6 monthly until at least 5 years and
annually thereafter. Follow-up evaluation includes gen-
eral and pelvic examination, imaging when indicated
and investigations to document and manage late toxici-
ties if any. Further research to generate data to establish
the ideal method and frequency for follow-up is encour-
aged. Patients with recurrent disease usually need his-
tological verification and treatment offered depending
on the patient’s general condition and the patterns of
relapse.

In conclusion, brachytherapy is an integral part of
treatment for cervical cancers. With an aim to reduce the
heterogeneity in radiotherapy practices, we present here
a comprehensive guide on cervical cancer radiotherapy
with special emphasis on high dose rate brachytherapy.
The report is based on high quality evidence and consen-
sus opinion from national experts involved in treatment
of cervical cancers.
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