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Roadmap



Learning objectives

• Brachytherapy basics.

• Brachytherapy for non gynaecological sites.

• Gynaecological brachytherapy.



Brachytherapy – basics



• Brachy (βραχύς (brakhús) means “short” in
Greek.

• The term was first used in 1901 by Henri-
Alexandre Danlos and Eugène Bloch, who
received a radioactive sample from Marie
Sklodowska Curie and her husband, Pierre.
Danlos and Bloch were attempting to treat lupus
and used it first to treat tuberculosis.

Brachytherapy – early days

https://en.wikipedia.org/wiki/Henri-Alexandre_Danlos



• On September 15, 1903, Margaret Abigail 
Cleaves used Radium brachytherapy for the 
treatment of cervical cancer.

• In 1905, Robert Abbe from St. Luke Memorial 
Hospital, New York, performed the first radium 
implant following the excision of tumor in 1905. 

• Urologist Octave Pasteau and radium therapist 
Paul-Marie Degrais also began treating prostate 
cancer with intracavitary radium in 1909.

Brachytherapy – early days

https://en.wikipedia.org/wiki/Margaret_Cleaves
https://en.wikipedia.org/wiki/Robert_Abbe



EBRT vs BT



• Conforms best to irregular tumor 
volumes.

• Avoids geographical miss - moves 
with the tumor.

• Rapid dose fall off – Inverse Square 
Law.  
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Advantages of BT : Dosimetric

Adapted from Nag, S.



• Moderate to extremely hypofractionated RT.

• Center of tumor (hypoxic / radio-resistant area) actually receives much 
higher biological dose.

• Significantly shortens overall treatment time – mitigating accelerated 
population.

• HDR is better than LDR.

Advantages of BT : Radiobiologic

To determine the total physical dose, when both EBRT 
and HDR BT are administered, it is imperative that we 

convert HDR and EBRT doses to EQD2 (equivalent 
dose in 2 Gy per fraction) and summate. 



Conclusions

For image-guided cervix cancer treatments, both IMRT and IMPT seem to be inferior to BT. 



Brachytherapy – types

By dose rate

• HDR – >12 Gy/hr
• MDR – 2 – 12 Gy/hr
• LDR – 0.4 – 2 Gy/hr
• VLDR – 0.01 – 0.3 

Gy/hr

• PDR – > 12 Gy/hr in 
multiple pulses

By source 
placement

• Intracavitary
• Interstitial
• Intraluminal
• Plesiotherapy

• Surface mould
• Contact

• Using electrons

By loading / 
control

• Manual loading
• Preloading
• Afterloading

• Remote loading
• Afterloading



Brachytherapy – sources



Brachytherapy evolution



Gosta  Forssell
Stockholm  System

Claude Regaud
Paris System

Margaret Todd
W.J. Meredith

Manchester 
 System

Edith Quimby
Quimby  System

R. Paterson & 
 H.M. Parker
Manchester  

System

B .Pierquin &
 A. Dutreix
Paris  System

Intracavitary systems Interstitial systems

The “systems”

Adapted from Joarder, R.



Modern Brachytherapy

HDR remote 
afterloading

3D cross sectional 
imaging

Advanced applicators
Computer based 

planning / optimization

Image guided (based) 
brachytherapy



Brachytherapy in different cancers



Summary of sites of Brachytherapy

• Brain gliomas (I-125, Ir-192 implants)

• Head and Neck cancers
• Nasopharynx (Intraluminal, ILRT)

• Oral / Oropharyngeal / Nodal (ISRT)

• Esophagus (ILRT)

• GI (Intra-op)

• Bronchus (ILRT)

• Breast
• APBI or Boost (ICRT / ISRT / Electrons)

• IMN (ILRT)

• Biliary (ILRT)

• Prostate (ISRT)
• Permanent implant / HDR
• Radical / Boost

• Anal canal (ISRT)

• Soft tissue sarcomas 
• Intra-op vs Post op

• Non melanoma skin cancer

• Ocular plaque



Head and Neck Cancers



Head and Neck Cancers - Guidelines



HNSCC – Sites / Types / Indications



HNSCC – Basic steps
• Pre planning (imaging plus clinical examination)

• Anaesthesia

• Applicator placement (Paris principle – planar, volume implants)

• Target volume / OAR concepts
• GTV
• CTV (=PTV)
• OAR (skin except surface moulds, mucosa, bone)

• Dose prescription CTV D90 > 90%, V100 > 90%

• Optimization – geometric, dwell time, graphical

• Plan evaluation and QA
• Prescription dose, MCD
• Coverage of CTV (or CTV with margins), COIN 
• Hyperdose sleeve (200%, 150%), DNR, DHI 

• Manual check for catheter patency, maintenance and cleaning.



HNSCC – Examples



Esophagus



Esophagus ILRT

• Boost after EBRT / palliation of 
symptoms.

• Thoracic esophageal Ca without 
bronchial / tracheal involvement.

• Curative
• EBRT 50Gy; ILRT 10 – 16 Gy

• Palliative (stenosis, dysphagia, bleeding, 
pain)

• ILRT only 10 – 28 Gy



Breast



Breast Cancer Guidelines

Boost
APBI



APBI



Techniques
MammositeTM / ConturaTM

34Gy/10#

34Gy/10#

SAVITM



Interstitial Breast Brachytherapy

• CT / USG based pre planning (clips, seroma cavity)

• Anesthesia

• Open cavity (intra-op) vs Closed cavity (post-op)

• Marking out the tumour cavity

• Insertion of catheters (Paris principle, image guidance)

• Volume delineation (CTV, PTV, OAR – skin, rib, lung, heart)

• Applicator reconstruction 

• Dose prescription (3 – 4 Gy/#, bid, 6 hrs apart, APBI 
34Gy, Boost 10 – 16 Gy)

• Plan optimization

• Plan evaluation and QA

• Treatment delivery



Prostate



Prostate Cancer Guidelines



Prostate Interstitial Brachytherapy

• Pre-planning

• Anaesthesia

• Positioning with TRUS placement

• TRUS guided applicator insertion

• Imaging

• Applicator reconstruction

• Dose prescription

• Plan optimization

• Treatment delivery

• Indication :

Monotherapy / Boost after EBRT

• Dose rate

Permanent implant / HDR 



Prostate Interstitial Brachytherapy : Technique



Prostate Interstitial Brachytherapy : Doses

• HDR Monotherapy doses :
Low acute toxicity and high biochemical control rates but limited data.

34 Gy in 4 fractions.

36 – 38 Gy in 4 fractions.

31.5 Gy in 3 fractions.

26 Gy in 2 fractions.

• Dose rate
After 45Gy EBRT,

17 Gy in 2 fractions.

22 in single fractions.

15 Gy in single fraction.



Brachytherapy in 
Gynaecological Cancer



Radiotherapy for locally advanced Ca Cervix

EBRT (+CT) Brachytherapy



Advantages of BT : Cervix



Journey from 2D to 3D
The GYN GEC ESTRO I – IV recommendations



Journey from 2D to 3D
The Indian Brachytherapy Society recommendations



Brachytherapy steps / workflow

Preplanning
Brachy 

procedure
Imaging / 

delineation

Planning 
and 

evaluation

Treatment 
and removal

• Pre BT imaging 
/ clin exam

• PAC
• Applicator 

selection
• Imaging slot 

booking

• Anaesthesia
• Bladder / bowel
• Topography
• Applicator insertion
• Packing
• Fixation / stabilization

• MRI / CT
• Protocols
• Targets
• OARs
• Others

• Applicator reconstruction
• Standard Loading
• Optimization
• Dosimetry : LQ spreadsheet 

for EQD2s - recording

• Check and connect 
transfer tubes

• Treat
• Remove, inspect
• Post procedure 

treatment



Imaging and documenting 
disease





The parametrium on MRI

Courtesy of J. Dimoupoulos, P. Petric

R Para
L Para

Mesorectum



Parametrial / 
vaginal  invasion



Grey Zones Residual pathologic disease on MRI

EBRT + ChT

Courtesy of P. Petric



Issues for imaging – CT / MRI
• Blood tests – KFT, Electrolytes.

• Bowel prep.

• CT scan

• IV contrast – arterial phase.

• Dilute bladder contrast.

•  3mm slice cuts.

• MRI

• 1.5T.

• T2w FSE para. 

•  3mm slice cuts. Zero gap. Courtesy of Mahantshetty U and Ghosh P; 
Mahantshetty U et al IBS CT guidelines 2021, GEC ESTRO IV guidelines



Disease assessment time points

Dimopoulos et al 2006, Mary An et al 2006

60%

OTT < 50 days



Applicator selection



Category of BT     

HR CTVCT

Cervix Parametrium Vagina Uterine corpus

IBT No residual disease  

Or 

Residual disease 

confined to cervix

No residual 

disease 

No residual disease

Or 

Residual disease < 2cm 

of upper vagina

No residual disease

 Or 

Residual disease in 

proximal third of 

utero-cervical junction

IIBT Significant residual 

disease 

Proximal 

parametrial 

disease

Residual disease within 

upper one third 

Residual disease not 

beyond mid corpus

Table 1: Definition of four BT target categories according to assessment and restaging taking into 
account the pattern of residual disease at BT for CT based contouring of the adaptive HR CTVCT

Mahantshetty et al, Radiother Oncol 2021



Category of BT     

HR CTVCT

Cervix Parametrium Vagina Uterine corpus

IIIBT Significant residual 

disease

Distal / Up to 

pelvic wall 

parametrial 

disease

Residual disease in mid 

or lower third 

Residual disease into 

distal corpus / Up to 

fundus

IVBT Significant residual 

disease involving 

neighbouring organ 

wall/ mucosae 

(bladder/ rectum) 

Proximal 

parametrial 

disease

Residual disease within 

upper one third 

Residual disease not 

beyond mid corpus

Distal / Up to 

pelvic wall  

parametrial 

disease

Residual disease in mid 

or lower third 

Residual disease into 

distal corpus / Up to 

fundus

Table 1: Definition of four BT target categories according to assessment and restaging taking into 
account the pattern of residual disease at BT for CT based contouring of the adaptive HR CTVCT

Mahantshetty et al, Radiother Oncol 2021



Degrees of response

BT III BT I



Imaging modalities for each component

MRI Clinical CT* alone CT+ Clin + TRUS

GTVBT Excellent Poor Poor Good

Cervix Excellent Fair Good Excellent

Parametria Excellent Fair Good Excellent

Uterine corpus Excellent Poor Poor Fair

Vagina Good Excellent Good Excellent

* - with arterial phase IV contrast Adapted from Primoz Petric



Courtesy of  Daniel Berger and Primoz Petric

80% 20%

Applicator selection based on tumour topography



Applicator selection based on tumour topography

Courtesy of  Daniel Berger and Primoz Petric



Courtesy of  Daniel Berger and Primoz Petric

Advanced (hybrid) gyn applicators

IC + IS, ring / ovoid based



Courtesy of  Christine Haie Meder

Custom made applicators



Custom made applicators



Brachytherapy application



Instruments and applicators

Be prepared for bleeding



Brachytherapy application  protocol
• Anesthesia / deep sedation.
• Lithotomy position, Antiseptic dressing / draping.
• Clinical assessment on table.
• Bladder and bowel protocols.

• Empty vs full bladder
• Flatus tube

• Uterine sounding – length / version. TRUS guidance
• Dilatation of the uterine canal.
• Placement of the uterine tandem (longest, appropriately curved).
• Placement of vaginal ovoids or ring (largest) or template.
• Insertion of needles. No force, TRUS guidance.
• Securing applicators in place with one another.
• Avoiding tissue injury.
• Avoiding overzealous packing.
• Securing applicators to patient.
• Final check before imaging.

• Correct applicators, Appropriate fixation, No rotation.



Longest tandem, largest ovoids

Ideal application
Longest tandem
Largest ovoids
Perfect pear

Poor application
Shorter tandem
Largest ovoids
Flattened pear

Poor application
Longest tandem
Smaller ovoids
Narrowed pear



Optimal packing

Correct

Incorrect
Bladder excess dose 

Incorrect
Rectum excess dose 

Incorrect
Ovoids displaced 

Midline

Rectum

Bladder

Cervical tumour

Applicators



Target concepts



GYN GEC ESTRO concepts

GYN GES ESTRO recommendations 2005



GYN GEC ESTRO / ICRU 89 concepts

GTVB (GTV-Tres)

• Gross residual at 
the time of BT.

• Only visualized on 
MRI / clin exam. 

Not on CT.
• Usually central.
• To receive highest 

dose.

Priority 2

HRCTV (CTV-THR)

• GTVB + Entire cervix.
• Includes “grey 

zones”.
• Best visualized on 
MRI, possible on CT.
• Region of residual 

pathologic disease.
• To receive high 

dose.

Priority 1

IRCTV (CTV-TIR)

• HRCTV with margins 
(5 – 15 mm), must 

include GTVDiag.
• Requires imaging at 

diagnosis.
• Region of potential 

microscopic disease.
• To receive 

intermediate dose.

Priority 3



The target 
delineation 

process

At Diagnosis

At Brachytherapy

Courtesy of Dr. Primoz Petric



Different dose levels required to sterilize the three CTVs

Potential microscopic

LR CTV

Potential microscopic

LR CTV

GTV initial

C
a
n
c
e
r 

c
e
ll 

d
e
n
s
it
y

Bony Pelvic wall Bony Pelvic wall Mid-Pelvis

Cervix

Vascular 
compartment 

Vascular 
compartment 

Parametrium Parametrium

Microscopic
Microscopic

CTV IRCTV IR GTV residual

Residual Pathological Tissues

CTV HR



GTV res

CTV-IR 

CTV-HR

GTV diag HRCTV is almost always overdrawn on CT 
compared to MRI, especially cranially.



Mahantshetty U et al, R & O 2021



Brachytherapy dose gradient mimics disease

300%
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Organs At Risk



Contouring OARs

Pötter et al et al 2006; ICRU 83 Section 6.2

• The following organs are contoured (from at least 2 cm below the IR-CTV to 2 cm 
above the uterus):

– Bladder: Outer bladder wall including the bladder neck.

– Rectum: Outer rectal wall from the anal sphincter to the transition into the 
sigmoid.

– Sigmoid: Outer sigmoid wall from the recto-sigmoid flexure to at least 2 cm 
above the parametria and the uterus.

– Bowel loops: Outer contours of loops positioned within 3-4 cm to the uterus 
and applicator

• For specific endpoints, small sub-volumes (bladder trigone/neck, anterior rectal 
wall) may be contoured.



Rectovaginal reference point

Kirchheiner et al et al 2016; ICRU 83 Section 6.2

• The recto-vaginal reference point is 
positioned at the intersection level between 
tandem and the source positions in the 
ovoids or ring and 5 mm dorsal of the 
posterior vaginal wall on the axis 
perpendicular to the body axis. 

• Keeping the steep dose gradient of 
brachytherapy in mind, the 5 mm distance 
provides a more reliable dose estimate 
compared to points very close to or on the 
surface of the applicator.



Westerveld et al. R&O 2013;107:99-105.
Westerveld, et al. R&O 2016;120:420-7.

ICRU/GEC ESTRO Report 89, 2016.

Brachytherapy

Bladder V
a
g

in
a

Small Bowel

PIBS+2

PIBS

PIBS-2

Tandem axis

2
 c

m
2

 c
m

Posterior Inferior Border of Symphysis (PIBS) Points

PIBS +2 
 Upper vaginal dose

PIBS 
Mid vaginal dose

PIBS – 2 
Lower vaginal dose

VRL

Vaginal reference 
length has a direct 
implication on PIBS 
doses and must be 
mentioned along 

with the PIBS doses.



Dose volumes for Organs at risk

Westerveld et al 2013; ICRU 83 Section 6.2

The minimum dose received by the maximally 
irradiated volume of the organ. 



Planning and plan evaluation



Radiation Oncologist

Medical Physicist



Planning Aim and Dose Limits

EMBRACE II protocol, Tanderup et al



Workflow of planning

1
Applicator reconstruction – Manual vs Library based, using CT vs MRI

2
Standard Loading - based on the traditional systems

3
Normalization to point A – Planning Aim versus Prescribed dose

4  
Optimization – Manual dwell time >>> Geometric > Graphical (not recommended)

5 Additional needles – minimal loading only up to 15 – 20% 

6
Recording, verification, audit
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How to add EBRT and BT doses ?
Conversion of physical doses to EQD2 and simple addition

EQD2

Equivalent 
Dose in 2 Gy 
per fraction.

For tumour 
⍺/β = 10 Gy-1

For OAR
⍺/β = 3 Gy-1

Courtesy of Dr. Primoz Petric



Relative contribution of EBRT vs Brachytherapy

EBRT

Brachy

Total dose 
> 85 – 90 
Gy EQD2

EBRT

50 Gy

Brachy

7x3 / 9x2

Total dose 
> 85 – 90 
Gy EQD2

EBRT

45 Gy

Brachy

7x4

Total dose 
> 85 – 90 
Gy EQD2

Aim : Complete treatment within 7 to 8 weeks, ideally 50 days



LQ spreadsheet (absolute doses)



Clinical outcomes



The EMBRACE journey

RETROEMBRACE

Retrospective.

Multi-
institutional.

No fixed 
protocol.

EMBRACE I

Prospective.

Multi-
institutional.

Fixed protocol.

MRI based 
adaptive BT.

EMBRACE II

Prospective.

Multi-institutional.

Fixed protocol.

IG-IMRT.

MRI based adaptive 
BT with more IC+IS.

EMBRACE III

Risk stratification.

BioEMBRACE. 

MRI EMBRACE.

CT EMBRACE.

Real world data.



Outcome and predictors : Target



Outcome and predictors : OARs



Outcome and predictors : Overall Treatment Time

Aim : Complete treatment < 50 days



Functional / 
biological imaging

Personalized 
applicators

Automation and AI in 
contouring

Biology based dosing

Peeping into the future of 
brachytherapy

What we expect in the next decade?



Thank You!

drabhishekbasu@yahoo.com
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