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Brachytherapy

Derived from ancient Greek words for short distance
(brachios) and treatment (therapy) and refers to the
therapeutic use of encapsulated radionuclides within
or close to a tumor.

It Is sometimes called seed implantation and is an
outpatient procedure used in the treatment of
different kinds of cancer.
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Brachytherapy

The efficacy of brachytherapy, as compared with the
efficacy of external beam alone,

IS attributable

to the ability of radioactive implants to deliver a
higher concentrated radiation dose more precisely to
tissues,

which contributes to improved local control,

provided that the tissue is clinicallydelimitable and
accessible.

At the same time, the surrounding healthy tissues are
spared irradiation.
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Brachytherapy

Kinds of brachytherapy

a. characterizedby the duration of the
Irradiation :

there are 2 different kinds of brachytherapy:

permanent, when the seeds remain inside of
the body,

and temporary, when the seeds are inside of
the body and then removed.
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Brachytherapy

b. characterized by the positioning of the radionuclides:

- Interstitial brachytherapy: radioactive sources are inside
the tumour,

- contact brachytherapy or plesiobrachytherapy.
radioactive sources are close to theeimour,

- Contactbrachytherapy is divided into four different
kinds of brachytherapy:

- Intracavitary,
- Intraluminal ,
- endovascular
- surfacebrachytherapy
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Brachytherapy

c. characterized by the dose rate (ICRU definitior)s

- low dose rate (LDR) 0.42.0Gy/h

- pulseddose rate (PDR) 0.51.0Gy/h

- mediumdose rate (MDR) 2 12Gy/h (history in EU,US)

- high dose rate (HDR) > 1Z5y/h
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Brachytherapycurative

Prostate cancer as example
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Prostate cancer- morbidity, mortality in Poland
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Patterns of care for brachytherapy in Europe: Updated results
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> 20 YEARS AGO

Radical prostatectomy

or

External beam irradiation



10 - 20 YEARS AGO

Radicalprostatectomy
or
Conventionalexternal beam
or
Conformalexternal beam
or
Brachytherapy
or
Brachytherapyexternal beam
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ESTRO/EAU/EORTC rccommendations on permancent sced implantation
for localized prostate cancer
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Recommended Optional Investigational
Dowell Fair Do poorly

PSA ig/ml) <10 10-20 >20
Gleasonscore 5-6 7 8-10
Stage TlcT2a T2bT2cC T3
IPSS 0-8 9-19 >20
Prostatevolume (g) <40 40-60 >60
Qrax Mi/s >15 15-10 <10

Residualolume cm? \ / >200
TURP: +




National Comprehensive Cancer Network 1.2009

Risk categories Clinically localized

Intermediate \/1yY,

high,
[o]or=11}Y;

T 1-2a 2b, 2c 3a 3b, 4
PSA <10 10-20 >20 Any
Gleason <7 7 > any
sScore

Metastatic:

any T, N1 MO
any T, any N, M1
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Contraindications

ESTRO/EAU/EORTC RECOMMENDATIONS ON PERMANENT SEEDIMPLANTATION FOR LOCALISED PROSTATE CANCEH

1. expectedsurvivaltime < 5years
2. Mmetastasis
3. TURHAN the pastwith considerable damage to the prostate

4. persistenthematuria, the regular use of aspirin or
anticoagulants

5. prostate volume> 60 cm cc.
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HDR brachytherapy: diagnostic,

eguipment, team

®» similar to seeds




Team

Experiencan:

TRUSdone by radiotherapist),
dosimetry, treatment planning(physicistand radiotherapist),
needles(seedg implantation (radiotherapistand physicis),
radiotherapyknowledge
Team:
radiotherapist,
urologist, radiologist orradiotherapistwith ultrasound skills
physicist
2-3 nurses
anesthetist
nurseanesthetiq
X-ray technician

o o To To T I Po o Do Do I



Brachytherapy- equipment

High quality- image guided source placemenSWIFT

High quality digital TRUS with template software,
X-ray/CT for postimplant dosimetry,

Stepper, stepping unit,

ST SR S

Treatment planning system.



oper with US head






...,.,

\ ; : )
i oh 1 .»‘ ; &y R
A ?-h L OGN o
B b ..b? w ‘t_.u Ay

RS
















a+ A NI dzl i

Y-¥alue = 52.13 mm Cruciform | 3D Mode | DVH Mode

Urethra

o) )

®
[ om)

tManual |Aulo | Margin |
Edit Contour

Copy Paste
Modify Clear Current
Use Interpolated

Edit VOI

A -
Z-Value = -16.56 mm X-Value = 38.23 mm Modify Clear Current
= 6.5 Mz ! —_— ——— ——— ——————— ——————————————
REFEREf‘f E PLANE &9 - IA . Clear &ll

Exzport ¥Ols
Define WV0OI

New
* Urethra L'
Rectum

Options

P > VAR 7
VS'V‘ "'B-{é - U;Jethr%ﬁ., . i V0! Intersections

N8 w9 Yo Vil !
& @ . F = : tion:

V129 W13 14

_ e . . H F - Prostate — Urethra
0, - — - Sl . LpJ = B

" —

Column  Row Indexer[mm] Depth[mm] Free Len.[mm] Offset[mm] Tip-1stSDP[mm] Layout
1408.00 0.25 104.75 -9.75 10.00 ~
1408.00 104.75 i 10.00 == -

>

x: 38,23 y: 52.13 2:-16.56 val: 89 01/08/2007 - 03:06

€ © BzswiFT2.11.8: Pati..




awSIEMYS LI | yy

Virtual Plan || Live Plan Post Plan
P CECR NN o =

Bl G@R=E=Rk=y £E&E i 4116 T > pl L E T —
Y-¥alue = 44.54 mm Cruciform | 3D Mode | .D¥H Model|

Dose Settings

Urethra TG 432 Dosimetry Pratocol

75.0% % %
100.0 % ' Line Source ¢ Point Source
120.0 % Dose Calculation
lggg ‘: ~ OnSlices " OnYolume
Calculate

Dose Grid Resolution

" High * Medium ¢ Preview

Dose Colors
Visualize 2D ¥ Visualize 3D |

ZUB.U Colorwash W —— }—
Dose [%4] Mixing 05

| g ) ) Z-Value =-18.35 mm X-Value = 37.58 mm Abs[Gy]  Rel[%]

75.0% 75.0%
100.0 % 100.0 %
120.0 % 120.0 %
150.0 % 150.0 %
200.0 % 200.0 %

7.50 75.00
10.00 100.00
12.00 120.00
15.00 150.00

20.00 200.00

L
I o o | £

e
=
|
1408.00 - 100 =999 5855500953
1408.00 - 1000 =98 99005905000-
1408.00 B 1000  —=——* S0 55855550
1000 et
1000 =<8 995080959900
10,00 ——=—C9—8-0-0—0—0-—0-—0—0—0-0—
1000  —=—2999 9805000
|
x: 37.58 y: 44.54 2:-18.35 val: 96 09/19/2006 - 15:20

l's € © BswirT211.8: Pati..



Conclusions

Remote temporaryafterloading brachytherapy has
several advantages:

Aaccurate positioning of the source by first implanting
non-active guide needles,

Apossibility to choose the source positions over the length
of the needle,

Ano target movement during radiation,
Astepping source technology allowing for dose amdlume
adaptation due to adjustment of source dwelbcations and

times according to 3D imaging basatdividual dose
prescriptionbefore irradiation,

Ashorteningthe time and costs
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To To Iw

Brachytherapy as a Boost to EBRT:
T2b, T2c or
Gleason 810 or
PSA > 20 ng/ml

To o Iw

Other possible indications for Brachytherapy as a Boost to EBRT:
Perineural invasion,
Multiple positive biopsies, bilateral positive biopsies,
MRI positive for capsular penetration.

Brachytherapy (including Boosting EBRT) in Conjunction with Androgen Deprivation:
Patients with initially large prostate (>60 cc) that have downsized sufficiently

36



Brachytherapy

Permanent



Int. ] Radiation Oncology Buol. Phvs., Vol. 44, No. 4. pp. 789-799, 1954
Copynght © 1999 Elsevier Seence Inc.

Printed 1 the USA. All nizhts raserved

0360-3016/99/$see front matter

PII 50360-3016(%9)00069-3

CLINICAL INVESTIGATION Prostate

AMERICAN BRACHYTHERAPY SOCIETY (ABS) RECOMMENDATIONS FOR
TRANSPERINEAL PERMANENT BRACHYTHERAPY OF PROSTATE CANCER

SUBIR NAG, M.D..*' DAVD BEYER, M.D.,** JaY FREDLaND, MD..** PEreR GRoav, D.0.H axp
RAVINDER NATH, PHD.*
*Prostate Brachytherapy Quality Assurance Group, Clintcal Research Commuttee, American Brachytherapy Sociefy, Reston, VA;

"The Ohio State Untversify, Columbus, OH; ‘Arizona Oncology Services, Phoenix, AZ: “Moffitt Cancer Center. Tampa, FL;
ISwedish Medical Center, Seattle, WA: and Vale Untvegsity, New Haven, CT



RADIOTHERAPY
& ONCOLOGY

OUNHAL DT THE RURGH AN KICETT FOR
FHIRAFILTIC RADIDLOGE AND DHTHUBEY

ELSEVIER Radiotherapy and Oncology 37 (2000) 315-321

www.elsevier.com/locate/radonline

ESTRO/EAU/EORTC recommendations on permanent seed implantation
for localized prostate cancer

* a,% \ : b s o €
Daniel Ash™*, Anthony Flynn®, Jan Battermann”, Theodorous de Reijke",
. .
Paulo Lavagnini™, Leo Blank®

*‘Department of Clinical Oncology and Medical Physics, Cookridge Hospital, Leeds, UK
*Department of Radiotherapy, Academisch Ziekenhuis, Utrecht, Germany
“Department of Urology, Academisch Medisch Centrum, Amsterdam The Netherlands
“Instituto Tumori, Genoa, Italy
“Deparment of Radiotherapy, Free University, Amsterdam, The Netherlands

Received 18 September 2000; accepted 27 September 2000



S
@
Q
p)

O
=
S
>

LL







Seeds
producers




A Low Morbidity V

A Cost Effective/ %
A Outpatient ProcedureV

A One Day Procedur¥



In © "imaging the high contrasts leads t
absorption artefacts which can be
handled using a soft tissue filter for

Image reconstruction on the CT device

125.S17 seeds also provide a unique
guality in Imaging. While normal
seeds only appear as dark dots in the
image, similar to a blood vessel, S17
seeds show a bright - /© around the
dark dot, this allows you to clearly
identify the: seeds.







Doses:

1-125 monotherapy 14060 Gy (144145 Gy)
-125 + 4650 Gy EBRT 1420 Gy

Pd103 monotherapy 11020 Gy (125 Gy)
Pd103 + 50 Gy EBRT -@#DGy

Csl131 monotherapy 115 Gy









Post implant dosimetry

OUAWNE

7.

It is usual to perform the CT scam@ weeks after implantation
when oedema has settled

It is recommended that the following indices are recorded
for all patients:

. The volume implanted.

. The number of seeds.

. The number of needles used.
. The total activity implanted.

. The prescribed dose.

TheD9(Q that is the dose that covers 90% of the prostate volume a$ided from post
implant imaging.

TheV10Q that is the percentage of the prostate voluntbat has received the
prescribed dose.

8.V15(Q the volume that has received 50% more than theescribed dose.
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External beam

radiotherapy

59,455 | Radical
(5 ) prostatectomy Brachytherapy

($36,888) - ($35,143)

Cumulative treatment costs over five and a half years
for patients with newly-diagnosed prostate cancer.




Sole LDR brachytherapy:

Advantages
good treatment results (similar to surgery)?
relatively small rate of complications
short treatment time (13 days)

Disadvantage
In the pastg seed migration possibility
small risk of relatives irradiation
COSts

1) Sylvester, J. E., P. D. Grimm, et al. (2010). "Fifteen-Year Biochemical Relapse-Free Survival, Cause-Specific Survival, and Overall Survival following 1(125) Prostate

Brachytherapy in Clinically Localized Prostate Cancer: Seattle Experience." Int J Radiat Oncol Biol Phys
2) Ragde, H., L. J. Korb, et al. (2000). "Modern prostate brachytherapy. Prostate specific antigen results in 219 patients with up to 12 years of observed

follow-up." Cancer 89(1): 135-41.

- /




Advantages
goodtreatment results(similarto seedg 12
possibility of doseverifacion
complicationssimilarto 1
positive radiobiology
no staff exposureto radiation

Disadvantage
different fractionation schemas
in monotherapy¢ smallii NAnunib&ra

1) Demanes, D. J., A. A. Martinez, et al. (2011). "High-Dose-Rate Monotherapy: Safe and Effective Brachytherapy for Patients with Localized Prostate Cancer."

Int J Radiat Oncol Biol Phys.

2) Mark, R. J., P. J. Anderson, et al. (2010). "Interstitial High-Dose-Rate Brachytherapy as Monotherapy for Early Stage Prostate Cancer: Median 8-Year

Results in 301 Patients " Brachytherapy 9(Supplement 1): S76.
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Brachytherapypalliative

Lung canceras example




Radical treatment (<5-10% of BT patients):
Indications

~ ~ v Pal L4 -

LC
before EBRT - remission of atelectasis, reclassification.

2. Alone - definitive brachytherapy for small tumors -T1-2
NO MO

- in patients with occult carcinoma or tumors potentially resectable, with diameter <
2 cm, disqualified for surgery or EBRT  (Japan, USA).

3. Postoperative brachytherapy of the bronchial stump
after resection with positive resection margins (R2).

4. As a boost for minor residual disease within a combined
non -surgical radical approach.




Palliative treatment (>90 % of BT patients):
Indications

1. The main indication is treatment of life -
threatening complications such a

dyspnea,

obstructive pneumoniaor atelectasis , cough
or haemoptisis resulting from
endobronchial or endotracheal tumour
growth .

2. Treatment of endobronchial or
endotracheal recurrent tumour growth in
previousl| y irradiated areas orin
combination with EBRT for metastatic
lung cancers.




Brachytherapy treatment schemas - indications, doses

Indications foy = -~ =\ ghase Il phase Il phase IV phase
[ 0107 Ad I S

brachytherap
otal dose 44 Gy in 1 fr. x 6 Gy, ref. point EBRT 16 Gy in 8 1fr.x 6 Gy,

Radical combing
treatment: schema I . aa 2 Gy (2 ap fields) 0.5-1cm fr. (changed fields) ref. point 0.5-1
cm

clinical stage T3 N1-3
MO

EBRT: total dose 44 Gy in EBRT 16 Gy in 8 fr. HDR-BT -in1, 3

Radical combined
treatment: schema II; 22fr.aa2 Gy (2 ap fields) (changed fields) and 5 weeks of
EBRTT 3x10

clinical stage T3 N1-3
Gy.

MO
Radical sole Total dose 36- 42 Gy in 6- 7

fr. with interval of 4 - 7 days
between fractions

After EBRT with total dose To consider increasing
of 50- 60 Gy the total use using HDR
BT HDR. Fr. dose from 1
X 6 Gy till 3fr. x6 Gy (18
Gy), depending on EBRT
dose

reatment, radiologically
occult cancer T:2NO
Radical treatment
after surgery, R2

Radical treatment: Sole brachytherapy: 4fr. of
- with interval of 4 - 7

en fractions
5y in 3r. of 6 Gy with interval of 4-7 daysi in patients treated earlier with EBRT i

Palliative dose > 50 Gy

stump infiltration

e 22,5 Gy in 3r. of 7,5 GyGy with interval of 4 -7 daysi in patients not irradiated or
treated earlier with EBRT 1 dose < 50 Gy

1 x 10 Gy incase . , . "
y Sometimes dose can be repeated after few weeks, in cases with clinica

o remission or visible during bronchosco
WHO scale >2 9 Py

treatment




Contraindications:

1. peripheral location of the tumor,
2. Pancoast tumor (?),
3. pressure - location outside of bronchii,
4. contraindication to bronchoscopy  (relative).



Bronchofiberoscope, endobronchial catheter
French 5-6, applicator adapter




Fritz Adjustable Intralumenal Applicator Set

Lumencath Applicator Set



Location of the tumor for brachytherapy

T. lesion with N, mediastinal node invoilvement




Lack of indications for brachytherapy

N, involvement of
mediastinal nodes
indicates stage llIB

T, malignant effusion
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Late radiation injury




Late radiation injury




Late radiation injury



