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Uncertainty analysisUncertainty analysis
for 3D image based cervix cancer brachytherapyfor 3D image based cervix cancer brachytherapy

by repeated MRI examinations:by repeated MRI examinations:

DVHDVH--variations between two HDR fractionsvariations between two HDR fractions
within one applicator insertionwithin one applicator insertion
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Cervix cancer brachytherapy at Cervix cancer brachytherapy at 
Medical University of ViennaMedical University of Vienna

•• External beam radiotherapy prior to brachytherapy: External beam radiotherapy prior to brachytherapy: 
25 25 –– 28 x 1.8 Gy 3D conformal EBRT28 x 1.8 Gy 3D conformal EBRT

•• Brachytherapy:Brachytherapy:
4 x 7 Gy HDR BT prescribed to the High Risk (HR) CT V4 x 7 Gy HDR BT prescribed to the High Risk (HR) CT V

Loading pattern and dwell time optimisation based o nLoading pattern and dwell time optimisation based o n
DVHDVH--analysis and visual evaluation of isodoses on MRIanalysis and visual evaluation of isodoses on MRI

•• Dose from EBRT and HDR BT normalised Dose from EBRT and HDR BT normalised 
to 2 Gy fractionation (EQDto 2 Gy fractionation (EQD 22) using the LQ) using the LQ--modelmodel

•• EQDEQD22 of EBRT and HDR BT added upof EBRT and HDR BT added up

–– a/b a/b a/b a/b a/b a/b a/b a/b = 10 Gy for HR CTV and= 10 Gy for HR CTV and
–– a/b a/b a/b a/b a/b a/b a/b a/b = 3 Gy for OAR (bladder, rectum, sigmoid colon)= 3 Gy for OAR (bladder, rectum, sigmoid colon)



•• To reduce the amount of personnel and equipment To reduce the amount of personnel and equipment 
infrastructure :infrastructure :

The 4 fractions of HDR BT irradiations are performe d The 4 fractions of HDR BT irradiations are performe d 
within only two 2 applicator insertions within only two 2 applicator insertions 

Cervix cancer brachytherapy at Cervix cancer brachytherapy at 
Medical University of ViennaMedical University of Vienna

with with 2 fractions per insertion2 fractions per insertion separated by a minimum separated by a minimum 
time interval of 12 hours (over night), typically:time interval of 12 hours (over night), typically:

–– insertion 1: tuesday morninginsertion 1: tuesday morning
•• fraction 1: tuesday afternoonfraction 1: tuesday afternoon
•• fraction 2: wednesday morningfraction 2: wednesday morning

–– insertion 2: tuesday morning next weekinsertion 2: tuesday morning next week
•• fraction 3: tuesday afternoonfraction 3: tuesday afternoon
•• fraction 4: wednesday morningfraction 4: wednesday morning



Cervix cancer brachytherapy at Cervix cancer brachytherapy at 
Medical University of ViennaMedical University of Vienna

•• Loading pattern and dwell time Loading pattern and dwell time optimisation based on optimisation based on 
one MRI examinationone MRI examination
performed directly after implantation of the tandemperformed directly after implantation of the tandem --
ring applicatorring applicatorring applicatorring applicator

•• For the 2For the 2 ndnd fraction Xfraction X--ray performed to verify the ray performed to verify the 
applicator positionapplicator position

•• Treatment plan of the 1Treatment plan of the 1 stst fraction used as well for the fraction used as well for the 
22ndnd fractionfraction



Uncertainty analysisUncertainty analysis

•• 14 patients with 56 fractions (31 insertions)14 patients with 56 fractions (31 insertions)

•• 21 additional MRI examinations performed prior to t he 21 additional MRI examinations performed prior to t he 
22ndnd fraction of each insertionfraction of each insertion

•• Treatment plan of the 1Treatment plan of the 1 stst MRI set (1MRI set (1 stst fraction) fraction) 
superimposed on the 2superimposed on the 2 ndnd MRI set (2MRI set (2ndnd fraction)fraction)

•• DoseDose--volume relations of volume relations of 
HR CTV (D90, D100) and OAR (DHR CTV (D90, D100) and OAR (D 2cc2cc) analysed ) analysed 
according to GYN GEC ESTRO recommendationsaccording to GYN GEC ESTRO recommendations



Example case Example case –– level of ringlevel of ring

Klug F1 Klug F2

insertion 1 insertion 1 –– fraction 1fraction 1 insertion 1 insertion 1 –– fraction 2fraction 2

Klug F4Klug F3

insertion 2 insertion 2 –– fraction 3fraction 3 insertion 2 insertion 2 –– fraction 4fraction 4

MRI tuesday afternoonMRI tuesday afternoon

MRI tuesday afternoonMRI tuesday afternoon

MRI wednesday morningMRI wednesday morning

MRI wednesday morningMRI wednesday morning



Klug F1 Klug F2

Example case Example case –– level of point Alevel of point A
insertion 1 insertion 1 –– fraction 1fraction 1 insertion 1 insertion 1 –– fraction 2fraction 2

MRI tuesday afternoonMRI tuesday afternoon MRI wednesday morningMRI wednesday morning

Klug F3 Klug F4

insertion 2 insertion 2 –– fraction 3fraction 3 insertion 2 insertion 2 –– fraction 4fraction 4

MRI tuesday afternoonMRI tuesday afternoon

MRI tuesday afternoonMRI tuesday afternoon

MRI wednesday morningMRI wednesday morning

MRI wednesday morningMRI wednesday morning



Klug F1 Klug F2

Example case Example case –– level of point A + 2 cmlevel of point A + 2 cm
insertion 1 insertion 1 –– fraction 1fraction 1 insertion 1 insertion 1 –– fraction 2fraction 2

Klug F4Klug F3

insertion 2 insertion 2 –– fraction 3fraction 3 insertion 2 insertion 2 –– fraction 4fraction 4

MRI tuesday afternoonMRI tuesday afternoon

MRI tuesday afternoonMRI tuesday afternoon

MRI wednesday morningMRI wednesday morning

MRI wednesday morningMRI wednesday morning



volumevolume

11stst brachytherapybrachytherapy

22ndnd brachytherapybrachytherapy
33rdrd brachytherapybrachytherapy
44thth brachytherapybrachytherapy

Example case Example case –– rectum DVHrectum DVH

1 2 3 4 5 6

dose per fraction [Gy]dose per fraction [Gy]



Uncertainty analysis Uncertainty analysis –– ResultsResults

Total doses from EBRT + BTTotal doses from EBRT + BT HR CTVHR CTV HR CTVHR CTV
EQDEQD22 ((a/ba/ba/ba/ba/ba/ba/ba/b = 10 Gy)= 10 Gy) D100D100 D90D90

Mean Mean �� 1 SD1 SD
1 MRI per insertion1 MRI per insertion 74 74 �� 55 GyGy 100 100 �� 88 GyGy

Mean Mean �� 1 SD1 SD
2 MRI per insertion2 MRI per insertion 72 72 �� 44 GyGy 98 98 �� 88 GyGy

Range of differenceRange of difference
2 MRI per ins.  2 MRI per ins.  –– 1 MRI per ins.1 MRI per ins. --8 to +1 Gy8 to +1 Gy --6 to +3 Gy6 to +3 Gy

Cases with difference  >  5 GyCases with difference  >  5 Gy 1 / 14  (1 / 14  (--8 Gy)8 Gy) 1 / 14  (1 / 14  (--6 Gy)6 Gy)

Absolute volume of HR CTV: 36 Absolute volume of HR CTV: 36 �� 10 cm³  (mean 10 cm³  (mean �� 1 SD)1 SD)



Uncertainty analysis Uncertainty analysis –– ResultsResults

Total doses from EBRT + BTTotal doses from EBRT + BT BladderBladder
EQDEQD22 ((a/ba/ba/ba/ba/ba/ba/ba/b = 3 Gy)= 3 Gy) DD2cc2cc

Mean Mean �� 1 SD1 SD
1 MRI per insertion1 MRI per insertion 82 82 �� 77 GyGy

Mean Mean �� 1 SD1 SD
2 MRI per insertion2 MRI per insertion 83 83 �� 99 GyGy

Range of differenceRange of difference
2 MRI per ins.  2 MRI per ins.  –– 1 MRI per ins.1 MRI per ins. --7 to +17 Gy7 to +17 Gy

Cases with difference  >  5 GyCases with difference  >  5 Gy 3 / 14  (3 / 14  (--7, +5, +17 Gy)7, +5, +17 Gy)



Outlier for dose to bladderOutlier for dose to bladder
insertion 2 insertion 2 –– fraction 3fraction 3 insertion 2 insertion 2 –– fraction 4fraction 4

Payer F4Payer F3

Total dose from EBRT + BT in EQDTotal dose from EBRT + BT in EQD 22 ((a/ba/ba/ba/ba/ba/ba/ba/b = 3 Gy)= 3 Gy)

1 MRI per insertion: D1 MRI per insertion: D 2cc2cc = 77 Gy= 77 Gy
2 MRI per insertion: D2 MRI per insertion: D 2cc2cc = 94 Gy    = 94 Gy    >    90 Gy (constraint)>    90 Gy (constraint)

Bladder volume = 49 cm³Bladder volume = 49 cm³ Bladder volume = 114 cm³Bladder volume = 114 cm³
expansion of lateral recessusexpansion of lateral recessus

MRI tuesday afternoonMRI tuesday afternoon MRI wednesday morningMRI wednesday morning



Uncertainty analysis Uncertainty analysis –– ResultsResults

Total doses from EBRT + BTTotal doses from EBRT + BT RectumRectum SigmoidSigmoid
EQDEQD22 ((a/ba/ba/ba/ba/ba/ba/ba/b = 3 Gy)= 3 Gy) DD2cc2cc DD2cc2cc

Mean Mean �� 1 SD1 SD
1 MRI per insertion1 MRI per insertion 66 66 �� 66 GyGy 66 66 �� 77 GyGy

Mean Mean �� 1 SD1 SD
2 MRI per insertion2 MRI per insertion 67 67 �� 66 GyGy 66 66 �� 88 GyGy

Range of differenceRange of difference
2 MRI per ins.  2 MRI per ins.  –– 1 MRI per ins.1 MRI per ins. --1 to +5 Gy1 to +5 Gy --6 to +14 Gy6 to +14 Gy

Cases with difference  >  5 GyCases with difference  >  5 Gy 0 / 140 / 14 2 / 14  (2 / 14  (--6, +14 Gy)6, +14 Gy)



Outlier for dose to sigmoidOutlier for dose to sigmoid
insertion 2 insertion 2 –– fraction 3fraction 3 insertion 2 insertion 2 –– fraction 4fraction 4

Bleier F3Bleier F2

Total dose from EBRT + BT in EQDTotal dose from EBRT + BT in EQD 22 ((a/ba/ba/ba/ba/ba/ba/ba/b = 3 Gy)= 3 Gy)

1 MRI per insertion: D1 MRI per insertion: D 2cc2cc = 67 Gy= 67 Gy
2 MRI per insertion: D2 MRI per insertion: D 2cc2cc = 81 Gy    = 81 Gy    >    70 >    70 -- 75 Gy (constraint)75 Gy (constraint)

descended sigmoid loopdescended sigmoid loop

MRI tuesday afternoonMRI tuesday afternoon MRI wednesday morningMRI wednesday morning



ConclusionConclusion

•• Applicator position relative to target (HR CTV) and  Applicator position relative to target (HR CTV) and  
OAR remains very constant within a 12 OAR remains very constant within a 12 � � 18 hour t ime 18 hour time 
intervalinterval

Standardised constant bladder filling reduces dose Standardised constant bladder filling reduces dose •• Standardised constant bladder filling reduces dose Standardised constant bladder filling reduces dose 
variations (now: dedicated protocol with 50 cm³ at variations (now: dedicated protocol with 50 cm³ at 
Medical University Vienna)Medical University Vienna)

•• It seems reasonable to use 1 MRI based treatment pl an It seems reasonable to use 1 MRI based treatment pl an 
for 2 HDR fractions within 1 applicator insertionfor 2 HDR fractions within 1 applicator insertion


