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Benefits of 
Brachytherapy

• Localized, the radiation is delivered 

specifically to the tumor mass, protecting 

the surrounding healthy tissue and limiting 

exposure.  

• Fewer side effects than does external beam 

radiation, and the overall treatment time is 

usually shorter. 
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Ref* : https://www.thastro.org/
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Number of PT in Thailand 
2020-2021
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• King Chulalongkorn Memorial Hospital
• 2023
• Total 580 Fractions 
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Brachytherapy

Ir-192

100% MR-based planning

Flexitron



Magnetic Resonance Imaging

Depict GTV, CTV, organs at risk

Advantages

Excellent soft tissue contrast

Multiplanar imaging

No radiation, no i.v. contrast

Limitations

Cost, availability

Image acquisition time

Equipment compatibility

Infrastructure and personnel 
requirements

Distortions, artifacts
Dimopoulos J, et al. Radiother Oncol. GEC ESTRO recommendations

Para-axial

Para-coronal

Para-sagittal

Gold Standard
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“ It is useful to perform pelvic MRI scanning prior to radiotherapy (“Pre-RT-MRI examination”) 
and at the time of BT (“BT MRI examination”) with one MR imager. ”

Pre-RT MRI examination
 sufficient information about tumour extent, tumour growth pattern and topography of 
patho-anatomical structures in three dimensions (3D) at the time of diagnosis

BT MRI examination
 sufficient information about tumour/target extent, tumour/target growth pattern and 
topography of patho-anatomical structures in three dimensions (3D) at the time of BT with the 
applicators in place

Magnetic 
Resonance 
Imaging
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EMBRACE

Image-guided intensity modulated External 

beam radiochemotherapy and MRI-based 

adaptive BRAchytherapy in locally advanced 

CErvical Cancer, multicenter prospective cohort 

studies
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EMBRACE

• The GEC ESTRO gyn network 

• EMBRACE I : applies the Gyn GEC ESTRO Recommendations for target delineation and 

dose volume reporting. The retrospective data collection was analogue to that of what was 

implemented for EMBRACE I. (finalized in 2013 with overall 814 patient) 

• EMBRACE II : prescribes MRI guided adaptive brachytherapy with combined 

intracavitary/interstitial techniques and specific dose volume constraints for adaptive 

targets and OARs and image guided external beam radiotherapy for specific targets and 

techniques and concomitant radiochemotherapy. ( initiated in 4/2016)
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Image guided adaptive brachytherapy (IGABT) is changing clinical practice.
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EMBRACE II

• Increased use of IC/IS technique in BT based on 
systematic adaptive volume contouring 

• Reduction of vaginal source loading

• Systematic utilisation of IMRT

• Systematic utilisation of daily IGRT (set-up 
according to bony structures)

• EBRT target concept related to the primary tumour

• Concepts for OAR contouring

• EBRT dose prescription and reporting

• Adaptation of EBRT nodal elective CTV according to 
risk of nodal and systemic recurrence

• Systematic application of simultaneous 
chemotherapy

• Reduction of overall treatment time
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Planning aims (soft constraints) and limits for prescribed 
dose (hard constraints) for BT treatment planning in 
EMBRACE II
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Dose constraints 
for EBRT of the 

EMBRACE II study 
protocol.
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The overall treatment time (OTT), defined from the first external beam fraction to the 
final external beam or brachytherapy fraction dose is delivered should be < 50 days
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3 steps in treatment planning optimization

1: Apply (institutional) Standard Loading
    Pattern and normalize to Point A 
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3 steps in treatment planning optimization

1: Apply (institutional) Standard Loading
    Pattern and normalize to Point A 

1.

2: Optimize the intracavitary applicator
     (T/R, T/O) based on OARs

2.

3.

Bladder

Rectum/Sigmoid

CTVHR

5Gy

7Gy

14Gy

T

Activate or deactivate intracavitary dwell 
position and de- or increase the dwell
times to reach an OARs dose approx. 10% 
below the Dose constraint limit.

5Gy

7Gy

14Gy



3 steps in treatment planning optimization

1: Apply (institutional) Standard Loading
    Pattern and normalize to Point A 

2: Optimize the intracavitary applicator
     (T/R, T/O) based on OARs

1.

2.

3: Add the interstitial components
    (needles) to increase the target coverage

3.

Bladder

Rectum/Sigmoid

CTVHR

5Gy

7Gy

14Gy
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Optimization of the Dose Distribution

• Forward planning

• The absorbed-dose distribution resulting from the initial loading pattern is 

evaluated using the constraints for absorbed-dose points, DVH parameters, 

and careful anatomical inspection of the isodose distribution. 

• If the resulting absorbed dose distribution does not meet the planning aims, 

changes are made. 

• These changes can be performed manually or with graphical tools.
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Optimization of the Dose Distribution
• Forward planning
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▪  manual optimization 

▪  graphical optimization 



Optimization of the Dose Distribution

• Inverse planning

• Inverse optimization can take into account only clearly described objectives and 

constraints

• Major deviations from the standard pear-shaped loading pattern should be 

carefully studied before clinically implemented

• Most clinical experience so far has been based on forward planning, 

• The spatial distributions of absorbed dose involved in this experience do not deviate 

dramatically from the conventional treatment plans from which the optimized loading 

patterns are derived
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Pitfalls when using Inverse Planning:
the plan will be adapted to the contour
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Problems when using 
graphical or inverse optimization/dose shaping

20 sec

10 sec

0 sec
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10 sec

15 sec

18 sec

Perfectly shaped
 isodose line
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Problems when using 
graphical or inverse optimization/dose shaping
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Problems when using 
graphical or inverse optimization/dose shaping
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Experience cases @ KCMH
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Venezia applicator 
with 6 needles



Experience cases @ KCMH
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CTV
Venezia applicator 
with 6 needles



Experience cases @ KCMH
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A A

Venezia applicator 
with 6 needles



Experience cases @ KCMH
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Free hand with three needles

RECT

Rectum

Bladder

Small Bowel

CTV



Surface Mold
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Intracavitary ?? 

CTV



34

เก็บโดส

Dose reporting

• D90%, D98% of CTV HR 

• D2cc and volume of normal organ

• TRAK (Total Reference Air Kerma)

• Total time
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Independent PT QA 

• Mobius performs a point dose comparison for any point exported as part of the 
RTPLAN file using TG-43 formalism for a point source (without anisotropy corrections). 



In-house phantom 

(a) The glass dosimeter holder. 
(b) The phantom holder. 
(c) The holder of the applicator. 

An illustration of the in-house phantom was designed in Shapr3D. 

Ref * Itsaraporn Konlak ,In vivo dosimetry of 3D gynecological brachytherapy using the glass dosimeter (RPLGD): a phantom study  



The phantom with the 
Fletcher applicator was 
scanned by CT scanner

Oncentra treatment planning 
system

The 3 Gynecological plans 
were exported and the 

phantom

The measurement was 
repeated three times

In-house phantom

Ref * Itsaraporn Konlak ,In vivo dosimetry of 3D gynecological brachytherapy using the glass dosimeter (RPLGD): a phantom study  



The mean dose difference was 2.61 %

Sun Young Moon et al.: The mean dose difference of 3.85%. 

This value was within 5% of the recommended value in the report from ESTRO Booklet No. 8 

Ref * Itsaraporn Konlak ,In vivo dosimetry of 3D gynecological brachytherapy using the glass dosimeter (RPLGD): a phantom study  

Results



The 15th Annual Scientific Meeting 1-3 March 2024, Trang, Thailand "Advanced Medical Physics Improves Patient Outcomes"

Thank you



Backup 
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Commissioning of Applicators
„The process in which the (clinically relevant) location of the dwell positions in 

relation to each other or in relation to reference points in the applicator are 
determined/verified and the transfer into the treatment planning system is 
checked”

• Characteristics of applicators
– Material (dosimetric influence, sterilisation)

– Dimensions

– Connectivity to afterloader (transfer tubes)

– Indexer length and off-set (distance of 1st or most distal dwell position to tip-end) 

• Visibility of applicator in sectional imaging
– Distortion of dimensions 

– Artefacts (appearance of applicator tip-end: E.g. needle tip-end)

• Verify source-path 
– Predefined (from vendor provided) source-path stored in Applicator library 

– Direct reconstructed by the user following direct or in-direct reconstruction methods
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Integrity of applicator materials Visual inspection, depending on their use: before

    or after each treatment

Fixation mechanisms  Check each fixation screw and mechanism for

    proper functioning before and after treatment

Shielding in the applicators  Check for presence and position of shields included

    in the applicator at acceptance (radiography)

Source positioning  Autoradiography whenever applicable for

    verification of source pos. at acceptance or when 

    there is suspicion of (length) changes

Identification of connecting  Check the identity of the applicator in relation to its

mechanism   connection to the afterloader at acceptance

Sterilisation procedures  Check for instructions and follow these meticulously

    to avoid unintended damaging

Validity of dose distribution in Carefully check the applicability of any dosimetrical

relation to specific applicators “atlas” for precalculated and tabulated treatment 

    times, at acceptance

Radioactive contamination  Careful handling with, e.g., Sr-90 applicators to 

    avoid radioactive contamination and checking of 

    tubes in NaI crystal to detect leakage or contamin.
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Quality Check for Titanium needles 
“indexer length and off-set”
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Tip end

X-ray marker

1st dwell pos.

Isodose Control Heyman Applicators 

Length 300 -> Offset = 4mm

Acceptance Test for Applicators on Flexitron Afterloader

Capsule size

S M M L L
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