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Dose volume parameters for prostate:

* Prescription dose:

— Whitmore, 1972; retropubic implants, matched gesnal dose
(MPD) =120 Gy (hnomogram)

— Holm, 1982; transperineal implants, MPD=145 Gy baa)

— Fuks et al., 1991, retropubic implants, MPD > 140G¥year
local control rate 60% vs 20% for MPD<140Gy

S— TG43, 1995: 160 Gy = 144 Gy (I-125)----

— Stock et al, 1998; transperineal implants, dospaese was
observed at level of =140 Gy

— ABS recommendations, 1999; 144 Gy

— ESTRO/EAU/EORTC recommendations, 2000; 145 Gy rigeta
volume plus margin

— Ash et al, 2006; Correlation betweeg,and PSA control in low
risk group; R, normally distributed around 140 Gy



Dose volume parameters for organs at risk:

Ash et al. Radiother Oncol. 2000; 57(3):315-321.
ESTRO/EAU/EORTC recommendations on permanent seplhntation
for localized prostate cancer.

no recommendations regarding urethra and rectum dos

Nag et al. Int J Radiat Oncol Biol Phys. 2002; 541(@2-470.
ABS recommendations for reporting morbidity aftevgiate brachytheray
no recommendations yet for dose constraints

Crook et al. Brachytherapy. 2005; 4(3):186-194.
Critical organ dosimetry in permanent seed prosiedehytherapy: defining
the organs at risk.
consensus regarding dose parameters that shotrdacked to normal
tissues to be able to suggest dose constrainte ifuture



Recommendations regarding reporting critical
organ dosimetry:

Postimplant dosimetry should be performed on all paents
Report the date (relative to the implant) on whichthe scan (CT) is performed

Urethra:  contour a volume, not a point or a line
catheter or fusion with US to delineate the urethra
Urq1gpin cm3, Urps and Urpggin Gy

Rectum: contour inner and outer wall on all CT slices where seeds are

identified
RV10c and RV15c in cm3

Both penile bulb and neurovascular bundles dose nddurther investigation
No consensus on location and ability to contour th8VB on CT or US.

Crook et al. Brachytherapy. 2005; 4(3):186-94.



Use of dose volume parameters for target:

Prescription dose:
— 1-125 monotherapy 145 Gy

Coverage:
— Vioog > 99%
~ (Dg, > 165GyY)

Margin » 3 mm

Homogeneity/Overdosage
— Vis09 » 66%
— Vo000, » 33% (peripheral zone)



Use of dose volume parameters for urethra:

e Max D < 150%

urethra

Zelefsky et al. Int J Radiat Oncol Biol Phys. 200355(4):956-63.

Merrick et al. Int J Radiat Oncol Biol Phys. 2003; 5(4):979-85.
Van Gellekom et al. Int J Radiat Oncol Biol Phys. @05; 63(3):772-80.



Use of dose volume parameters for rectum:

 Compromise between »3 mm margin
around prostate and max D < 100%

rectum

Snyder et al. IJROBP 50(2),335-341, 2001

Waterman and Dicker. IJROBP 55(2),342-353, 2003



Dose volume parameters for penile bulb and
neurovascular bundles:

e Both penile bulb and neurovascular bundles dose need furthenvestigation

Merrick et al. Int J Radiat Oncol Biol Phys. 2005; &(2):437-47.
Minimize the dose to the proximal penis (< 60 Gy)

Kitely et al, Brachytherapy 2002

Radiation dose to neurovascular bundles or penileutb does not predict erectile
dysfunction after prostate brachytherapy



Use of dose volume parameters for the implant:

« Natural dose ratio (NDR) 1 - 1.2

Is derived from the Natural Dose Volume Histogram

Anderson LL. Med Phys 1986; 13(6):898-903
Van ‘t Riet et al. Int J Radiat Oncol Biol Phys 192; 24(3):555-8
Moerland et al. Radioth Oncol 2000; 57(3):279-84



Intermezzo: the natural dose volume histogram




Intermezzo: the natural dose volume histogram

Natural Prescription Dose (NPD) = 156 Gy

Prescription Dose = 145 Gy

Natural Dose Ratio (NDR) = 1.08

The natural prescription dose, NPD, for a given dose distribution is

located at the base of the peak of its natural DVH. This is the optimal
prescription dose for this implant

The natural DVH helps to detect under- or overdosage




Intra-operative plamming guided by dose distnibuotion

Needle navigator:
* Guide needles to their planned positions
* Update needles to their actual positions



Intra-operative plamming guided by dose distnibuotion

Interactive planning enables further optimization



Check of dose volume parameters

Natural Prescription Dose (NPD) = 156 Gy

Prescription Dose = 145 Gy
Natural Dose Ratio (NDR) = 1.08




P ostimpénttdirsse exxaiisiom

T2 TSE Image fusion]  3p Frg ws
transversal high resolutior]
I I |
éontouriﬁg
3D FFE ws Image fusior
high resolution CT _
1 mm slices | Copy contours to CT | 3 MM slices

Seed coordinates
dose calculation

Dose volume
histograms




Postimpant ety

V100 (%)

100

Prostate coverage

90

70
60
50
40

1 st dev

T

30
20

21

10

136

15

113

1994

1997

1998 2000

2002

2004

2005




Postimpéanttamsmedtyy

Prostate coverage
100
90 - T I I
80 1 1 st dev T
70 -
$ 60 I
S 50 |
o
< 40
30
20 21 9 6 12 136 15 113
10
0
1994 1997 1998 2000 2002 2004 2005
1994 1997 1998 2001 2004 2005
Mick applicato_r, Seeds in Preplanning Intra-operative FIRST system  Pre-implant MRI
nomograph, First MR strands planning (SPOT) needle navigator

based evaluation



PostHmparitctosimetyy
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Prostate coverage (113 patients in 2005):

Intra-operative: V 10=98 3% Do0=183 14Gy
Post-implant: V10792 8% Doo=157 33Gy



frequency distribution prostate coverage (D  g)
113 patients from year 2005
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Is a low D90 a problem?
Was it measured accurately? (delineation)
Where is the underdose? (mostly at the base plane)
Where is the tumour? (mostly in the peripheral zone)

Ash et al. Radiat Oncol 2006; 79:185-89.
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Spatial information!!

Highest dose in GTV in the left peripheral zone
Sparing of neurovascular bundle on the right side
Margins on the left side larger compared to the right side

Lessard et al. Med Phys 2006; 33(8):2773-82
Jeukens et al. Phys Med Biol 2006; 51(17):4329-43



Conclusion

Dose volume parameters are important in intra-operative planmimdrst look at
the dose distribution!

Dose volume parameters depend on accuracy of delineation. Megioofed
parameters are based on post-implant CT

Evaluation of dose volume parameters has helped to improve prastatage;
implant quality has improve

Dose volume criteria for organs at risk still to be establiflygoost impant
dosimetry and correlation with side effects



MRI guided robotic insertion of seeds

Is precise and tailor-made placement of seeds achievabla vatiotic device that
taps the seeds into the prostate under MR guidance?
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Dose volume parameters

for GYN brachytherapy

Based on

Hale-Meder et al. GYN GEC ESTRO Recommendations I.
Radiother & Oncol 2005

Potter et al. GYN GEC ESTRO Recommendations IlI.
Radiother & Oncol 2006




Parameters for recording and reporting

Total Reference Air Kerma (TRAK)

Dose at point A (right, left patient side, mean)

Dimensions of 60 Gy volume

D100, D90 for GTV and HR CTV and IR CTV




Bladder points

Rectum points

ovolids







Prescription
to point A_left

and 25 mm right




Haie-Meder et al. GYN GEC ESTRO Recommendations. Radiother & Oncol 2005




D100=MTD, Treated Volume

/ D90
A




Treated Volume

D90 p100




D90
D100 = MTD




DVH analysis
HR CTV

D100 D90 prescribed dose




Cervix: intracavitary + interstitial combination

HR CTV:
D100 3.5 Gy
D90 5.7 Gy
V100 75%




Cervix: intracavitary + interstitial combination

HR CTV:
D100 4.3 Gy
D90 7.1 Gy
V100 91%




PHYSICAL - BIOLOGICAL DOCUMENTATION OF GYNAECOLOGIC AL HDR BT

PATIENT , ID-number

tumour entity dervix ca

EXTERNAL BEAM THERAPY TUMOUR OAR FIGO, TNM 1B
dose per fraction 18 Di, [a/b=10GY] Di, [a/b=3GY] cT2b pNO
fractions without central shield 25 44,3 43,2
fractions with central shield 0,0 0,0 GTV atdiag. [88cm’®
total dose 45,0 44,3 43,2
chemoth. |cisplatin
BRACHYTHERAPY F1l F2 F3 F4 F5 F6
date dose values in Gy
TRAK [cGy at 1m] 0,54 0,49 0,47 0,44 1,94 |
prescribed dose PD 7 7 7 7
PD .., [a/b=10Gy] 9,9 9,9 9,9 9,9 0,0 0,0 39,7 83,9
volume of PD [cm 7] 121,1 106,9 97,7 89,5 1038 11,7
PDx2 14,0 14,0 14,0 14,0 0,0 0,0
PDx2 ., [a/b=10Gy] 28,0 28,0 28,0 28,0 0,0 0,0 112,0 | 156,3
volume of PDx2 [cm”] 41,6 33 30 26,1 32,7 57
pres. point level (A / My / [mm]) A A A A
pres. point [mm .. / MM ,und 22/ -22 A A 19/-19
dose to + A left 7,6 7,1 6,7 6,5
Aiit - Dieg [8/b=10GY] 11,1 10,1 9,3 8,9 0,0 0,0 39,5 | 83.8
dose to - A right 7,8 6,9 7,3 6,7
Ao - Diso [a/b=10Gy] 11,6 9,7 10,5 9,3 0,0 0,0 41,1 | 85,4
dose to A mean 7,7 7,0 7,0 6,6 0,0 0,0
Apean - Digo [a/b=10GY] 11,4 9,9 9,9 9,1 0,0 0,0 40,3 | 84,6
GTV [cm 7] 8,8 7.8 5,5 6,1 7.1 1,3
D 100 = MTD 9,3 8,9 6,9 6,2
D 100 i, [a/b=10Gy] 15,0 14,0 9,7 8,4 0,0 0,0 47,1 | 91,3
D 90 13,3 12,0 11,7 10,6
D 90 ;, [a/b=10Gy] 25,8 22,0 21,2 18,2 0,0 0,0 87,2 | 131,4
V 100 = volume of PD [%)] 100,0% 100,0% 99,9% 99,1% 99,8% 0,4%
CTV [cm”] 53,5 51,5 40 40,4 46,4 | 6,2
D 100 = MTD 5,0 5,0 3,5 3,8
D 100 i, [a/b=10Gy] 6,3 6,3 3,9 4,4 0,0 0,0 20,8 | 65,1
D 90 8,1 7,0 6,9 6,4
D 90 ., [a/b=10Gy] 12,2 9,9 9,7 8,7 0,0 0,0 40,6 84.8
V 100 = volume of PD [%] 95,9% 90,4% 89,3% 86,8% 90,6% 3,3%
volume of mean A-dose [%] 92,7% 90,4% 89,3% 88,9% 90,3% 1,5%
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Summary — DVH parameters for GTV/CTV

Cumulative DVH (maybe differential of interest)
Absorbed dose — biologically weighted total dose

Dose values for more than one target volume (CTV+GTV) to
document the inhomogeneous dose distribution

Relative volume values (V100)
High dose regions (e.g. V200)

Development of dose constraints based on clinical experience
(compare exisiting experience using point A and/or reference
volumes with DVH parameters)




Parameters for recording and reporting

e Dose to bladder and rectum for ICRU reference
points

* Dy icer Dicer Do fOr organs at risk
(e.g. rectum, sigmoid, bladder)

e D5cc, D10cc for organs at risk if contouring of
organ walls Is performed




DVH analysis
, bladder,

Dose In relation to relative volume




DVH analysis
, bladder,

Dose In relation to absolute volume




Steep dose gradient
For high dose to small
volume evaluations
only absolute volume
values are of
Importance.

Wachter-Gerstner et al. R&O 2003
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DVH analysis
bladder
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3.5Gy—-2cm3




49 Gy —-0.1cm3




dose to bladder




dose to bladder




dose to bladder




dose to bladder




dose to bladder







Documentation of gynaecological HDR BT

Brachytherapy fraction number TOTAL TOTAL
F1 F2 F3 Fa BT BT+EBT

BLADDER [cm 7] 98,5
ICRU - dose 7,2
ICRU - D, [a/b=3Gy] 14,7
ICRUcrl,5cm - dose 8,3
ICRUcr1,5cm - D, [a/b=3Gy] 18,8
ICRUcr2,0cm - dose 8,6
ICRUcr2,0cm - Dig, [a/b=3Gy] 20,0
0,1cm” - dose 8,0
0,1cm’ - D, [a/b=3Gy] 17,6
1cm” - dose 6,4
1cm’ - D, [a/b=3Gy] 12,0
2cm” - dose 6,0
2cm” - D, [a/b=3Gy] 10,8

RECTUM [cm”] 45,1
ICRU - dose 4,2 5,0 3,4
ICRU - D, [a/b=3Gy] 6,0 8,0 4.4
ICRUprobe - dose 4,0 4,9 3,4
ICRUprobe - D, [a/b=3Gy] 5,6 7,7 4.4
0,1cm” - dose 5,9 4,9 4.6
0,1cm’ - D, [a/b=3Gy] 10,5 7.7 7,0
lcm” - dose 4.8 4,2 3,7
1cm’ - D, [a/b=3Gy] 7,5 6,0 5,0
2cm® - dose 4,3 3,9 3,4
2cm® - D, [a/b=3Gy] 6,3 5,4 4.4

SIGMOID [cm”] 17,4 21,1 24,6
0,1cm” - dose 6,6 57 4,7
0,1cm’ - D, [a/b=3Gy] 12,7 9,9 7,2
1cm® - dose 5,4 4,7 3,8
1cm® - D, [a/b=3Gy] 9,1 7.2 5,2
2cm” - dose 4,7 4,2 34
2cm’ - D, [a/b=3Gy] 7,2 6,0 4.4

Department of Radiotherapy and Radiobiology, Medical University of Vienna
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MAXIMUM DOSE TO ORGANS AT
RISK FOR HDR-BRACHYTHERAPY

LARGE TUMORS

External Beam : 45 Gy in 1,8 Gy per fraction
(a/b = 3 Gy)

BLADDER : max. 90 Gy 4,

max. 2cm 3 - Dose 4 fractions
EBT 45 Gy 6.2 Gy

RECTUM , SIGMA: max. /5 Gy ,

max. 2cm 3 - Dose 4 fractions
EBT 45 Gy 4.9 Gy




Bladder inflammation grade IV
treated in 1999

Case 2:
Dcry 45Gy+5.7/57/56/ 5.6 Gy
D). 45 Gy +7.8/10 /8.2/11.7 Gy




ICRU_Dbladder: 4.0 Gy
ICRU_rektum: 3.2 Gy




Comparison ICRU versus point dose or DVH

Study

Method

Bladder Rectum

Ling

Kapp
Schoeppel
Fellner
Kim

Briot
Nguyen
Pelloski

Kirisits

D

max

D

max

D,.., from slice
Dmax/DICRU
DB%/DICRU
DB%/DICRU
DZCC/DICRU

DZCC/DICRU

DZCC/DICRU

1.95 1.93

1.44 1.37

2.3 (1.4-27) 1.3 (0.9-2.1)
1.4 1.5

1.28 (0.73-2.10)0.92 (0.57-1.31)
1.33 (0.6-2.2) 0.93 (0.58-1.46)
1.27 0.73/0.85
1.55 1.07

1.35 (0.71-3.07)0.92 (0.48-1.5)




Results — DVH values / ICRU reference points

Bladder

D2cc 83 (19) Gy 3
DO.lcc 121 (116) Gy 3
ICRU point dose 75 (£16) Gy

Rectum

Docc 64 (£6) Gy ,
DO.lcc 77/ (ilO) Gy 3
ICRU point 69 (£13) Gy

Sigma

D2cc 63 (i 7) Gy 3
DO.lcc 79 (i 12) Gy 3
Biologically weighted to 2 Gy/fraction, / =3 Gy

Kirisits et al. Int J Radiat Oncol Biol Phys 2005




s

Doic | 747+13 | 0,651 | 77,4+14 | 0034 | 87,8+10 | 0,032

D 60,9 + 8 0,442 63,6 + 7 0,004 /15+6 0,007
2cc

ICRU 62,5+9 0,266 67,3 + 10 0,063 77,2+ 15 0,013
point

Group A: asymptomatic patients without mucosal chan ges
Group B: asymptomatic patients with mucosal changes
Group C: symptomatic patients with mucosal changes




Summary — DVH parameters for OAR

Cumulative DVH
Absorbed dose values — biologically weighted total dose

Absolute volume values
2 cm?3 organ contour gives similar values as wall contour

Qualitative check of isodose related to OAR
— multicluster, geometrical uncertainties

Development of dose constraints based on clinical experience
(reference points and DVH evaluation)




DVH parameters used In literature
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Summary dose values

Mean Gy Intracavitary® interstitial? 145 patients®

CTV HR Vol. 35 44 36
CTV HR D90 87 96 86

Bladder D, 83 83 95
Rectum D, 64 66 65
Sigmoid D, 63 67 62




ESTRO BRAPHYQS DVH subgroup

(CT 4mm) difference to mean

l; Oncentra Prostate
Plato 14
OCone (SD = 5%; offset = 3,6%)
I; B Large Cyl. (SD = 2%; offset = 2,2%) Plato 13.7

O Small Cyl. (SD = 7%; offset = 0,4%)
Oncentra MP 1.4.3.1

E_—l VariSeed
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DVH Parameters for the Vagina???




How accurate can we sum up DVH parameters?
Interfraction variation

Initial MR second day




