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e Prostate Cancer grows slowly

o EaHPieRt fonNSASRY 25AMbR

e Larger Doses are required to

control Prostate tumors
e Life expectancy is longer

e Quality of life is affected by side
effects and complications
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The most common treatments for

" SUN9ELVate cancer include:
- external beam radiotherapy

(EBRT)
- hormone therapy

* radioactive seed implants
(TPPI)

- watchful waiting.
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‘ E’éﬁfﬁﬂn{ﬁgcﬁaﬁﬂ& fasrary
— 3D-Conf rr[a&ﬁlgﬁhTRT

— IMRT

e Permanent Implants
— Nomogram and rule basec
— Preplanned and preloadec
— Intraoperative Interactive dose planned

e HDR Brachytherapy
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3DCRT DOSE - RESPONSE FUNCTIONS:
ACTUARIAL FIVE - YEAR bNED CONTROL
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Fig. 2. Logistic response models for bNED for two pretreatment

PSA groups.
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SDCRT DOSE — RESPONSE FUNCTIONS:
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Fig. 5. Logistic response models for gastrointestinal and genito-
urinary radiation sequelae.
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Ipatial Kelations
setween Volumes typica
of EBRT

Sensitive Organ |
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(50% lIsodos
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Stages amenable to Brachytherapy

e T1 - The tumor is located within the prostate
gland and
is too small to be detected by DRE. It may be
discovered through other diagnostic
procedures (PSA test, biopsy
Generally produces no Physical
symptoms.
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Sources of uncertainty in EBRT
that can be avoided In
Brachytherapy

e Physiological movements and variations in size, shape
and position of the Prostate gland in relation to
anatomic landmarks or an internal reference point.
The CTV is expanded by the Internal Margins (IM) to
create the Internal Target Volume (ITV).

e Typically Internal Margins are:
— A: 5 mm posterior
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Prostate seed implants

* Prostate implants were developed in the 1960’s at
Memorial Sloan Kettering Cancer Center and on the
West coast. The Iinitial technique involved open
access to the prostate.

On the last fifteen years, Transperineal prostate
Implants became predominant in the USA,
pioneered by SPI - Washington State, Mt Sinai and
MSKCC in NY.

More than 800 papers published on this subject
since 1990.
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e The American Brachytherapy Society
(ABS)e ERVRXDH1AS5 Gy
and 125 Gy for 125] and 193pPd, in
monotherapy brachytherapy, and 110 Gy of

125] and 100 Gy 1°3Pd if used as a boost
following pelvic EBRT of 40 to 50 Gy.

Typically the doses are prescribed to the
minimum peripheral dose (MPD) which is the
maximum dose that cover 100% of the target
volume. Usu. 90% of the target volume will
receive the prescription dose.
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e The Mean Periphe!al dose is the
averafje ofstheladEont thesarface
of the target volume, and varies
less than the MPD with seed

position.
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e lodine 125 (1251) and Palladium103 (1°3Pd) are

the LDRSEY G S etéettion

Properties:
125] 103pd

o Half life (d) 59.4 17
e Energy (kV) 28
e Radiobiologic Equiv. 1.4
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Disadvantages of seed implants:

- The long term results are fully established yet. The current
clinical data show good results up to seven years.

- It is common to experience problems with urination for
several
months after seed implantation. These symptoms wiill,
however,
gradually ease and eventually disappear.

= Although the seeds remain radioactive for several months,
the
energy and activity of the seeds is so low that there is
negligible
risk of exposure to others and only simple precautions are
necessary for the first 2-3 months.
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1. RTOG 98-05:

“Phase Il Trial of TRUS Permanent Radioactive
Implantation of the Prostate for the Definitive
Management of Localized Adenocarcinoma of the
Prostate.”

2. American Brachytherapy Society :” The ABS
Recommendations for Permanent Prostate

Brachytherapy Post implant Dosimetric Analysis”
Int.J.Radiat Oncol Biol Phys, 2000;46,N 1:221-230"
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e Evaluate effectiveness of TRUS
permanent implantation of the
prostate for organ confined

adenocarcinoma as compared with
historical data of prostatectomy or
external beam.

e Establish & Test QA standards for
future protocols.

e Test dosimetricayaluation of
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RTOG Parameters:

Criteria for Patient Selection.
Definition of Planning Target Volume:
(PTV = Pre-implant TRUS+margins)

*Evaluation Target Volume
(ETV = Post-Op CT).
*Seed Calibration and Handling.
*Post-Op evaluation.
*Dose Volume Histogram.
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- Per’PriR iRt iodd % bHErya
receives at least 90% of PD.
e Variation, Acceptable: 250% of

the ETV receives at least 90% of
PD

e Deviation, Unacceptable: 2 50% of
the ETV receives <90% of PD.
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ENERAL LINLING OF Lo
SEED IMPLANT INFORMATION

lodine-125 Properties
-125 sealed In metal *seed*
Average energy = 28 keV,

Patient Dose
(Assuming 145 Gy isodose at the surface of
the prostate of diameter = 5cm)

Average Dose Rate=7cGy/hour =168 cGy/day
(Similar to external beam therapy).

, A Tawmrial ‘ - INBIUESHBIE SRS EAINISYStem
Bejsle)ISkiiel Jevwisi edical Center i d S




Total Dose = 7cGy x 24hour x 60days x
1.44

hour day
=14,500 cGy = 145 Gy
Shielding

Half Value Layer = 0.025 mm lead = 20
mm tissue. So, 10 cm of tissue
attenuates 97% of x-rays.

External Exposure
Pelvic surface = 2 - 20 mrem/hour

Three foot distanee==30.1 -> 1 mrem/hour

(grounpes Pt eI ek ——
_r MJ ) V22 INOIIIESHEIESIIREEAItT SYSiem

erter

J//




ShPre=pianning (HH)J Creation ofia plan a
WK AYSROIAWEEKSIDETOrEN M pPIant
proceaures

- Intra-operative Planning (IOP): Tx
Planning in the OR: Pt and TRUS probe
are not moved between the volume
Studyanditnersseeuinser PJQJJJ

- Interactive Planning (IP): Stepwise
rehnementiorithenipapian lJJJJJJ
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e Source 125] [STM 1251] [NIST 99]
* [RadialjDose) Fdnction; Spurce) dgscription @id
anisotropy factﬂ" arisee d)

TG-43 Source l
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e Source 1251 [6711] [NIST 99]
nctiongEndiahisdtropyRFAGter?

o [RadialjDose)F

TG-43 Source ]

Source Name |I-125 [6711] [MIST 99]

=
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e “Each institution planning to
provide brachytherapy should

have

mdepwgﬁ Igal I b
source strength provided b the
manufacturer”. (TG-40).

The Medical Physicist (MP)

should independently measure
10% of the sources to be
z_’nalgalanted in the patient (TG-
The MP is responsible for the
dose given to the patient.

Figure 1b. Sur

e with an aus

conteur plot of & North American Scre J.ﬁ_l.cd.eJ\IDﬁ

source made with an autoradiog,

oradiozraph.

M LDR =1

rom: DeWerd, L." Ca]]]:ratmnnfﬂm.ch}rthemp}r sources", Med. Phys

Monograph 31:153-171.
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e Acquisition and contouring of US
imagesh OR Planning

e e —————— o
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e Seed placement and plan evaluation (100%,
150% and 200% isodoses displayed)

500

P A
[Imege #- 3 = . Tmage # 4
| Position: 1.00 cm & g i e e i Paosition: 1.50 em
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@ Prescription dose B 90%of PD
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O Rectal Wall Above 200GY B Bladder Wall Above 150 Gy 0O Urethral Wall Above 300Gy
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O Prescription dose

B 90%of PD O 80%of PD
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Dosimetric Comparison of techniques

Preplan + Preload

Nomogram + Loose Seeds

AVERAGE

St.Dev.

AVERAGE

St.Dev.

% Prostate Volume Covered by the Prescription Dose

9 34

4.9

71.0

9.8

% Prostate Volume Covered by 90% of the Prescriptio

n

95.9

3.5

8.8

8.1

% Prostate Volume Covered by 80% of the Prescriptio

n

97.5

2.4

85.8

6.3

Boplejlsilzipleldawisrl Medical Cerier

INEIHIESIONERINSERth SYStem




Actuarial Survival

36

Time in Months

Fig. 3. Actuarial PSA relapse-Tree survival for patients treated with wdine divided by the dose cutoff value of the L¥H)
diose <905, =090% of the prescribed dose (p = 0045 (Solid line, DS =90% of the preseribed dose; dashed line, D90
<O0% of the prescribed dose).




Table 6. Acluanal 48-month PSA-RFS comparing the D90 dose

<O or =% of the prescnbed dose for Pd-103, 1-125,

TIPPB as monotherapy. and TIPPB combined with EBT
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Anesthesia
Lithotomy Position

Ultrasound Placement

Peripheral and Central Needle Placement

Image Capture at 5mm steps
Prostate Contouring

Inverse Planning

Acceptable
Parameters

Mick loading
of needles

Realtime Assessment
Implanted and planned sources create a
real-time composite of prostate doses

Completion of the case and dosimetric parameters
are documented
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Ultrasound Acquisition | Template Registration | Contour | Source Placement | Implant 20 View |3D View | DVH | CVA |

Sagital Trangverze Prezcrption Dozedzodose Levels
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Report
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needle

loading
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VariSeed: Needle Loading Report [Page 1]

5/29/2003 1:44:39 PM

PID: Demo
Dept. ID:

Name: Demo Studies

Study: Pre/l-125/Primary/US Video 1
Variation: Default
Images: 10
Template: B & K Standard
Shift: X =0.00cm Y = 1.00cm

Source:

Sources
Anisotropy.

Source Activity:

:1-125 (6711) [NIST 99]
Comment:

122

. Constant (Point Model) [0.930]
1 0.432U[0.340 mCi]

Procedure Date: N/A

Prescription Dose: 145.0 Gy

Total Activity: 52.704 U [ 41.499 mCi ]

@ = Special loading

VariSeed 7.1 (Build 2340)

N

Study Approved by

Needle Retraction Hole Number y 2 3 .
Number (cm) Location Seeds 50 o o o @ o @ o @ [} @ o o o
1 0.00 b5.0 5 5 8
0.00 c5.0 5 45 o o ° e A [} o o A <} s} o e}
3 0.00 d5.0 5 i ; ; e ’ P
40 | o 3 ° @ o @ o @ ° @ ° 3 o
4 0.00 e5.0 5 o i
5 0.50 C4.5 5 35 o ] A o o ° ] © o <] A o ]
6 0.50 E4.5 5 15 18 17 18 19 20
7 1.00 a4.0 3 30 | @ 3 @ @ & @ # @ e @ e 3 &
5 Do B0 5 25 <} o A o o o o [} [} o A o [}
» 2 % il 2 . 23 2 2 2% 27 b
® 10 0.00 d4.0 2 20 |0 3] o @ o @ o @ ° @ e |3] o
1 0.00 e4.0 5
12 1.00 4.0 3 15 | o o o o o ° o o ° o o ° L
13 0.50 B3.5 5
14 0.50 F35 5 1.0 e} o [} o e} [} o o L} o e} e} <}
i 1.00 3s.0 3 A a B b C ¢ D d E e F f G
16 0.00 b3.0 5
17 0.00 c3.0 5 Retraction Legend
18 0.00 d3.0 5 Plane 0 Plane 1 Plane 2 Plane 3 Plane 4 Special
19 0.00 e3.0 5 0.00 cm 0.50 cm 1.00 cm 1.50 cm 2.00 cm Other
20 1.00 3.0 3 A
21 0.50 B2.5 5 O <> v
22 0.50 F2.5 5
23 1.00 a2.0 3
24 0.00 b2.0 5
25 0.00 c2.0 5
26 0.00 d2.0 5
27 0.00 e2.0 5
28 1.00 2.0 8
Memies! | e
2 2 Total Activity [U] 52.70
6 < Total Activity [mCi] 41.50
20 5 Total Needles 28
Total Seeds 122
Extra Seeds
Total Seeds to Order
Study Created by
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VariSeed: 3D View Report [Page 1]

5/29/2003 1:50:56 PM

Name: Demo Studies Study: Intra-Op Source: I-125 (6733) [NIST 00]
PID: Demo Variation: Default Comment:
! Images: 56 Sources: 100
Dept. ID: Template: B & K Standard Anisotropy: Factors (Point Model)
Source Activity: 0.432 U [0.340 mCi]
Procedure Date: 5/29/2003 Prescription Dose: 145.0 Gy Total Activity: 43.200 U [ 34.016 mCi ]
>200.0 Gy
- 200.0 Gy
180.0 Gy
160.0 Gy
140.0 Gy
120.0 Gy
100.0 Gy

Dose
display

80.0 Gy
60.0 Gy

10.0 6y

20.0 Gy

0.0 Gy

<0.0 Gy

for
evaluatio
n and
reporting
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7 variSeed 7.1 - Demo Studies (Demo) - Pre/I-125/Primary/US Video 1 - Default

File View Variations

Configuration Help

=0l |

=[d| 8|0

Ultrasound Acquisition l Template Registration | Ct}nmurl Source Placement ] 2D View] 3D View DVH ] CVA ]

Natural DVH o Provare 1
Gy | % cc* Gy*r1.5
11590 | 79.93 0.00
11740 | 80.97 0.00
118.96 | 82.04 0.00
“ 120.57 | 83.15 5.74 '
b} 12223 | 8430 5766 |
B P0000D e 123.96 | 8549 14023 |
i 12574 8672 | 25516 |
= 127.59 | 88.00 320.38
8 12952 | 8932 44211 |
= 13151 | 90.70 627 50
@ 13358 | 9213 950.39
5 N N
, 137.99 | 95.16 140536
£ 100000 140.33 | 96.78 1902.05
3 | 14277 | 9846 [ 291195
E 145.32 | 100.22 3745.00
& 147.99 | 102.07 4046 37
3 w! | 15079 | 103.99 6015.34
L1 153.72 | 106.02 | 539402 |
5 b 156.80 | 108.14 795672 |
/r,/ i (i) | 1e004 [ 11037 | 739r3e |

‘ Frezcrption Doseslzodose Levels ——

145.0 Gy Fadify... i
Shuchure:
’F‘mstate _:_j
Walume [cc): !43.50
ZMWolume at Rx ;99.59
M awiriury Dose [Gy); 1948.4?
rimimurn Dose [Gyl: i122.'| 3
Mean Dose [Gy): !254.41

—~MNDR Demvation—————————
KD (Gy) [218E1
LD Gyl [184.31

NPD (Gy) [IB0G2

Target:
Progtate LI
D100, T arget [G): 3125.28
MNDR: |1.28
~PFlot Type 1

7 Cumulative DVH
" Ditferantial DYH
" Cumulative and Differential DVH

051 T 1UI3 0 15‘:5 0 3IEI;|IU il | L1 £
. i ) . 167.05 | 115.21 i-DVH Graph Options
% Prescription Dose _‘17_[]35| _11_?_3_3__ 1251379 | IV Az % Prascription Dose
174.88 | 120.61 16770.14 e e
—— Prostate il |
(1948 12350 2610846 | ¥ Shaw Grid Lines
1837 | 127 R4 ETRAN RR 1.
Ready [ |5 [1-125 (5711) [NIST 99] INeedles: 28 [Sources: 122 |Anisotropy: Fac ITUI s
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HDR Brachytherapy for
Prostate

e Used as boost to 45 Gy EBRT

e HDR dose given in 2 fractions of 8 Gy
each

e EBRT given after HDR

—

o - 100 - 0

U ITIal RCI < ';]LUV,\A;Lsfls_J
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Dose equivalence for
complete RT course

e ERD=d{1+d/(a/B)}
o for (a/B)=1.5
e ERD(HDR)=8{1+8/1.5}=50 Gy
e Total dose= 2x ,
(MJAJTJ,JJWM 0 JAA@J Olz1rs YL e e TR




Planning Procedure

o CT based anatomy delineation
e Catheter tracking
e Inverse planning

e Review and ad
og|Isia rJrr%mn)rrJ/J%w—rme;fJJ‘) 'JJJJJ J




BRACHYTHERAPY vi425 Patient: HDRProstate iD:E00001 Plan: Testi ‘=i Graphical optimization

Reconstruction Dose Distribution

‘ -~ Dwell weights « Dwell times

Cat ‘ Index ‘

2
2
2
2

2
2
2
2
2
2
2
2

Global
[

Resetall| Undo i Redo

¢ INFO: Drag isodose lines with left mouse
= button.
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prospective awell positions

File Image Plan Reconstruction Dose Distribution




Dose cloud at 8 Gy covers
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Zlice W 23 of 23
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plant plan DY

M1: B08 cGy T73.4 cm™3

WVolurne [em™3]

800 Mt

1000
Dze [oGy]

M1: 1000 cGy 0.404 cm™3

DYH_0 : Cumulative DVH on target. State : Consistent.

M1: 1000 cGy 0.509 cm~3

Wolome [cmm™3]

0,800 Mi

1000
Dose [oidy]

DYH_5 : Cumulative DYH on urethra. State : Consistent.

Wolurne [em®3]

100 M

1000 2000
Dose [eGy]

M1: 690 cGy 0,917 cm”3

DYH_1 : Cumulative DVH on bladder wall. State : Consistent.

Wolume [cm®3]
200

400 600 1000
Dose [eGyv]

U JEWISTHRIVISTI Gl A § =

DYH_3 : Cumulative DYH on rectal wall. State : Consistent.




; Optimization

— Optimization method

v Geometry

«~ Dose points

~~ On specified points w Manusl dwell times

~» Manual dwell weights “~ Inverse optimization

Vol Margi
(mm)

Dwell time gradient

‘ Organ type

Minimiztﬂ

[LonopSiane Sy EISINVIE

bladder wall 0.00 | Tgnored
body 0.00 [Ignored |3
rectal wall | 0.00 [Tgnored ¥

urethra 000 |organ at risk #|

Dawvell
1 1 1.00
1] 2 1.00
1 3 1.00
1 4 1.00
1 5 1.00
1| 6 1.00
1 7 1.00
1 8 1.00
1 9 1.00
1/ 10 1.00
1 11 1.00
1 12 1.00
1 13 1.00
1/ 14 1.00
1 15 1.00
1 16 1.00
1 17 1.00
1/ 18 1.00
1 19 1.00
1 20 1.00
1 21 1.00
2| 1 1.00
2 2 1.00
2 3 1.00
2 q 1.00
2 | 5 1.00
2 6 | 1.00

[




-1 -l

great flexibility for
Optimizing the Dose

Stepsize 7~ 75 w58 100 mm Catheter entry Hp end
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;

DVH evaluation

=Y

e
c

0

J

80 Yolume (cc)
—‘_‘_‘_“-"‘ﬁ
Prostate 2007
60 - R 40.0
§, 0 prostate
g 40 - e rectum
=
e
> 10.0
20 | . urethra — | .
0.0 5.0 10.0 15.0
Urethra Dose (Gy)
Yolume (cc) 524 Dose 55 Gy 100.0 % Prescription
0 \ \ \ \ \ Structure Yaolume (cc) tax Doze (Gy) tin Dose [Gy) Avig Dose (Gy)
0 50 100 150 200 250 300 m 55.0 9.1 23 61
Urethra 20 147 55 5.7
Dose (Gy) Recturn 120 49 05 17
Y d adad A alaYal el aYs [ | ry - r 1 ~ r
Perrnarnent seed irnoplant ]L] DF it rernote afterlozicler
Long) Island JEWisivIa _) ~enier L Norin Sriorel ) slgeliniS) s i)




Pre-implant , TRUS -based
Planned v

Uose olune Histogram

N
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Comparison of Biological
Effectiveness for all Four Modalities

Modality
=125
EBRT
EBRT
1-125

EBRT + 1-125
EBRT
HDR

EBRT + HDR

Wopleflislzlplell2Vyisn) Viecdlical Center

Fractionation
1 x 144
44 x 1.8
25 x 1.8
1 x115

25 x 1.8

Total Dose (Gy) BED (Gy)

144.0 123
79.2 170
45.0 99

115.0 98

45.0 99
16.0
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