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TESTICULAR DOSES IN DEFINITIVE RAIMATION THERAPY
FOR LOCALIZED PROSTATE CANCER
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Furposer To messure the dose reecived by the unshlelded testes during o conventivnl course of 18 MY
jrlindss Focliotheragy Do lovalbeed prostale cicer aol o identily the fnctecs influenviog i

Methods and Muterialss For einch of four patlents, a wax block eondabning thermnlumimescent cligs wias
altached o e pasterioe asgeect of e seeslom in el peosimily (o the lesdes on cuch day of frentment
eharinge w Foll course of codicnl rodisthernpy, nnd dose messurements were abitalnal, The distanees hetwoen
thie thermalumlneseent chips and the beam edge were veeiled by nieasarenment Fein poet e, The seidriey
il e fr wdve sasureenenls il e Pictors inlloencing (he festis dose were studied wsdng s phantos
nrrinpemient, Six fnctors were consbdered: (a) the relatlve eoteibutboes feoo prlinary ol seatbervd eiilbs
Bhesns, Al Blve savimand of Biadldug cespaieesd Tee he ilieemalaminestent chips il monifeced fesiis dose, ()
e position of the testes withiln e serotuos, (d) Hedd slee, (o) distonee Prom Use el Tower bieibere, ool (0
il elTiect of juaed [,

Heanliz: Medinn duily doses to fhe festes bn foue patlents eaniged froaon 5 to 7 eleys Dally doses For Uie Do
paitients ragend] Fromn d G 14 @iy, Tl dodal dose 1o il testes over e Tull course of theeapy tanged from
1L fo 24 Gy, The dully dose depended prlmarlly o the distones feom il Qeld lower border, This s
fnevonsed Iy approshostely L5 ofy when o 6 MY porel Bmoswiay ke, Thie relaiive coniribotions from
primiry and senttered radiation were Found to e slinflar, Tose messavemenis ol the petorioe mspeel of
e seridian averesiinsbel i Gsibs dose By gpprosimiely 15%,

Conclusiont The mast lmportant factors Infuenelng e dose vocelvedd Iy Ui festis are Uie istanes Fraom
this testes Gy e Bielid lower border wmd ihe acension of o port film, A knawledge of the number of part
films sl the sverage distance from the Aeld Iower harder e e lestes allows o eessomalilo predicliom of

Cesdes alose willimsd alully maireimnl,

far wiwny aloshmnetey, Prostale caneer, Tostis dose, TLEY, Seaiter doge,

INTRODUCTION

When prosrite cancer is trented by mdintion il is neviti-
Ble thut the unshiclded restes receive snme of the dose.
Sources contributing w this unwanted dosing inolude scut-
eer Fronn the maelsiog Dead sod iesioeon volume; prumary
trunsmizsion through the eollimators, scarfer from: he
Moo, walls umd vedling of the rovm; wnd, @ higher ener-
gics, neutrons and peotron indieed gamimes st gen-
graled munnly from materials in the machine head, This
dose b5 wsually vopsidered (e be low and inconseguenial
(9% 1t is asswmed aor e inflecnee westasiemone secieliom
[ty the testes, althoosh it will wsoally be sufficient o
aholish spermalogenesis (3),

Frosuie cuncer is under endoerine control (6). Specifi-
eally, Tower levels of lestosterone may couse lumour ré-
gTeERKion (),

If the possibility exists that redistion received by the
testes causes inhibirinn of weamsterone seerefion Do e
Lestes, which, in fum, couses decrease of somm levels of
lestosteroneg, which, in turm, couses regmession of umor
in the proseare, i@ may he possible oo explon this when
Irealmg prostule cuncer, AL the vory [east, ic may mean
thar soomme bepell maght be oblained by not shuelding the
esbes. I is our intention o perform siedies that invesiizale
ispets ol this sequence of events. One of these aspects
is the qeantification of the dose received by the fesies
during o conventinonal eowrse of radintherapy for Tocalized

leprnl reguests e O, 1 Armies,
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I, 1. A phiatograph of the servlie scrotwn and penis with the
labeled TLIY pesitions, Positions 4 ond § ore o s gifcro-
vl Err aspseet.

prostute cancer, It is s quantification that is he subjece
ol this artiele.

A number of measorements (1, 5) ol coleonlations (3,
4y hawe heen made of the madiation doge outside the e
ment wrew but lew have been concerned with 18 MY phn-
tors (7, L1y anel none huve louked specifically at the duse
received by unshielded testes during treatment ol prostate
caneer, |lowever, dizeussion in the llemtore on the effects
el rdintian on the testey from radiation treatment for
Hodgkin's disewse (2) suggests thal the jesies shauld be
shielled, This is in conllict with o recent study (90

The specilic wims of e prosent spody are W0 (0 measnn
the duse of radintion recelved by the testes during o enn-
ventionnl enurse of mdicihepy for Inealized prosie
camecr and (b exmmine which factom influence this dose,

METHODS AND MATERIALS

The experiments perfommed in this study wene of wo
madn Lypes: (i) imeasurements v block phantams, 1 witer
plaantom and an anthropomoiphic phantom, and ussovi-
ated eguipment o identity dose modilying Getors and (b
easiiements an patients undergoing radiation therupy.

Lipripenenit

The duosimeters used Tor the phantom study 1o deser-
mine The weanis dose were LIE ienpoluminescent dosime-
try (TLLD) chips; TLDY square chips (3.1 ® 3,1 ®x 0.9
oy’ and round chips (divmeter 4.3 o, thickness (W4
mm)? Analysis was performed in a dedicated TLDD labo
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retory with contralicd environmenl. Eguipment included
an putomated TLEY reader” und a TTD oven?

Chips were kept In sets of 3L Chip sels underwent
reular ‘uniformiry’ mewsurements o monitar reprodac-
ihility and catimate eoch chip's sensitivity, relutive 1w the
nthers o Lhe sef. The anncaling protoco] ielied on pro-
sranuned heating at 400°C [ur | b followed by 2h heating
at 100FC. Chip sensitivity was determined by iradiation
of each ser to 1.0 Gy on o ootating phantom designed
to cnsure that each chip was separated from ils nesrest
neighbor. Preannealing of the chips before meading in-
volvedl heating ae TOPC for 15 min, The chips wene newd
using the autvmated reader and then reannealed befon
rewse, The errar hetween unilvamity irradiations assou-
ared with this protecol was 125%: (1 stundurd deviation ),

lon chiarnber measarements were perforned nsing atkh
e chamber and eleciromelier. A sclection of polystyrens
and solid witer phantons was used. The water tank mea-
surements were performed using o conimercial dosimelry
systom.”

Munsprement of the dose due anly B0 nutrons wis ool
desne in this study, s the Titeratuee (01 indicated that this
doses 1s Dypieally O404% ol Ui readimene doge,

Plietom Jeasuremeniy

An aerylic phantom serotum wod penis (Fig. 1) were
comstreted snd aaclpad 10 a0 commaereinl anthropumor
phic phumtem.” This system wiss used Lo assess (he pecu-
pacy of the methed of patieol dose measurement und the
factors thul modily testis dose,

Patient mensiements were perforn II*-|I'IE‘. WL
bolder eontalning four TLDY chips dthis device will be
raferred (o s Lthe Jostis dode monifor), The design of this
device 1s Museraed in 19g, 2,

Six oxperiments were conductad o delerming (n) the
relutive contribatiang from primary and searterad rodio-
Gy, (1) the amount ol buildup required for the 1estis dose
rgnitor, () e elfoct of position of the lestes within rhe
seput, (% the effect of leld siee, (2] the effect of dis-
pamee trom the field lower herder, and (1 the duse 10 e
testes [rom the making of port lilms, Each experiment wis
perfremed three Gmes,

A meference reammaent geometry (P, 3) was defined
fr e d-ficld box webmiygue vsed for this rentment 1o
nommulize the phaniom measurements. 'The anlerior and
posterion (APPA) ficlds wers 12 % & em and the luterul
(LAT) fields 12 % & em. The ficld dimensions were cho-
sl s representative (within 2 om) of & typical treatment.
The distanee [oom e testis dose moniter o the ficld

T Wellhofer Dosirmelrie, Balmhofarasae 5, D-DSY2, Solwar-
renbruck, Germany.
" Bando-Aldersen anthrogonserphic phontom.
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lower border was 5 em. The distanee (o the center of e
sarolum was 7 e,

The relarive conirilmdicon of primrary and yeatter radia-
tear, Tu sovestipate the nuture of the radiation incident on
the tesfes, warer phamiom wessumements were performed
huogee e centrul axis of 8 12 = 8 em beam aml aloog o
parallal axis 7 cmoouiside the leld edpee,

Integrated  ionization measmemenls were also per-
Forieed incair for o 12 % 8 em field with the ion chamhor
placed ut the isccenter and 7 e Toom e Deld edeoe. The
measuremenls were perlommed for 5 acrylic bildup cap
thicknesses fram hme 3 em.

An allempl o estimate the contribations from prinany
and scatter radiarion was osde using e block phantom
arcangement i Fig, 40 & 300 30 0 W em aenylic blogk
wan wsed o simolace the pelvis aod w 3.2 cm dismeter
aorylic buildup cap the scromm with testes, Mensune-
ments ware pecfomned witl aed without & 9 cm Ph shicld

Wi Climae 18N,

above the phantom for separate imadiations. An altempl
fo measiie (he pricgacy contribu ion alune was made by
plucing 2 % cm Pl shicld betwoen the field lower burder
and the on chamber with buildup cap.

Testis dose pmonator Tickeess, The wmownt ol buildup
required [or the lestis dose monitor was derermined by
rradiating four lestis duose monions using the standand
Lreatment geometry with thicknesses ranging foem 0.5 1
S i

Frosigion af festes, The effect of dilfereont pusitions of
Ll testes within Lthe scrotum was determined by placing
TLDs at five posilions (Fig, 1) walluo the phantom scro-
lers i irrudiating wsing the standard treatnicnt peoime-
try. A Jacge dose (20 Gy) was delivered to the pelvis ta
give uosufhcient dose o Me semtiin TLD (e oblion g
rnsanable sipnal for analysis,

Fietad stees The effect of leld siee wis deterrmined wsing
(e rimdu phuntom und standard treatment geomety, Tl
treatinient minl feslis doses were monitored during repeated
eradsntion of the phantom. Measurements of il estis
dlose rebative o e dose ol isovesiier weee recorded Tor 8
woBem, 12 % Hem, 17 =8 em, and 17 2 18 e fiehls
while maintaining o constanl distasce of Y cm lrom the
fuwer horder 1o the centre of the seralmm,

Ehstoneee feonn fetd fower Bopder, Tl effeet of distanee
i the testis from the Beld lwer Bosder wis detersined
usaney e rimde phantom and reference treatment geonie
try, The distanes Do the cenle of 1he sersum o the
lield lovwer horder ranged feam 3 cm 1o 1] cm oo 2 e
inerements, TLD measurements were made with the
phantam seratimm for each distiooee Toome Ui Deld wer
bugider.

FPart fileoes. The contrbutivn [rom AF und LAT pon
[l was recorded by repented rreatment of the phsntom
with i without o 25 = 28 em 6 MY phoron heam,
Measurements were made with e TLDs pluced inside
the phurdom serotum,

Pavienes

To bu eligible [or the stedy paticnis hod o he pee
seribed and rreated wille eosventivosl mdiotlerapy for
Iocolized prostale concer, Informed conzent was e
quired. Becawse of 1l loge owmber of mewsurements
regpuired Tor duily assessment it was decided 1o stody
Fosuar such paticnis, :

Traanmiend

Conventionul rudintherapy consisted of reeatoment o e
prone position nsing o 4-Oeld box isocentric techniqoe on
i L8 MV lincar accelerator,” Paticnrs were prescrbed 60
w 6h Gy in 2 Gy [mctions and treated five times per
week, The field sizes (a5 couivalen) squares), wsed Tor
each palient, were 9.1, 2.5, 8.8, and 9.8 cm, respectively,
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Fig. 3 The relerance trentniciit geometry wsed o investigate the Tetor dnllusicing eites dose

For each putlent, ou average, two 6MY pugl lilins were
taken during eacl week of treatent, The distance Trom
e field) Tower horder o the 1estis dose monitor wis defer-
imined on ewel cecusion and eompared with (ar measured
from thie simnlaror film,

TLLY posilioning
Pationt measurements were performed using the 1estis
diase monitor, The tesris dose monitor was held within a
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Fig. 4, Bilnck phantom arangement fur estimation of primary
and seatter components ol walis outside the bl edge.

cottoe bundage and placed v the posterior surlace of the
serotan, superior W e festes, The bundage wis then tied
up wnd prud the seenmum. The testis dose monitors hud
e small ead shot bulls placed lareratly, near twe TLD
ehips, 0 enuble their lneatlon w be determined from pen
lifems (Fig. 2).

A geparsle lestis dose monior wis placed on each n-
fient fur every treamment fraction, The dose recelved was
determined by normulicing the TLE readings [rom the
chips in the lestis dose monitor i e readings ahtained
fromm four chips, from the swme sef, exposed tooa dose ul
(1.2 Ciy in the primiry bean and adjusting Loz eir elarive
sensitivilies defermined from uniformity measuroments.

RESULTS

Mhaniom Measurenents

The relaiive comiriletion af primary aned searfer radia-
sorr. The depth dose in the central axis was typicil of &
18 WY beam with low sufaee dose and depth dose mexi-
man il 2.6 em oof water, The depth dose 7 cm oo T
fictd edoc had the clarmeteristic high dose al the surface
cansed by electron contaminetivn, with photon atteni-
fion dominating alter 0.3 cm. The leakage through the
collimators was messnred to be UL6%.

Ligure 3 shows the eflect of aerylic huildup thickoess
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Fig. 5. Relative ssiaativn o abe secorded foe o consting number
ol snndior iy Foe dlve baildup cap dinnters al srocenter
ginuide the field) and 5 e ganmsiske (e dield,

for an jon chomiber placed wl the dsocenter in aie and an
wn chamber pliced adjacent oo block phomom i the
pramary beae, The mixbmum reading in the seatter beam
wis obtained with no Duildup, while o 5.2 cm dinmeter
cip wits requined L ohtuin o maximom reading in e
[rimary hean,

The change in ionizagion with inceeasing boaldup cap thick-
Ness s e kewping with that expected for a high encigy phalon
haam, The neanlt is the inversis oulside e Deld, indicaing
il edevtun comamination s almnst completely atlenued
by tha smallest cap. Clinge in wonkaion whove 0.7 om s in
keeping with that expected for a low eoeigy pholon beian

The sncnsuserrsts witly wd without shickding o dercrmine
thie contribution foom primary oo seuftered ndintion wme pre-
senled i Table 1. As expected, approximasely 500 ol the
sernral diose was eeeved o each souroe.

Fewtis dvge pronifor Sivkaesy, The dose reeeived nside
rhiz testis dose monilors of difterent thicknosscs is Jire:
sented in Table 2, The maxionnn duse cecurs when the
(hickiess wis between (03 cm wnd 2.5 cm, The (0,5 cm
und 1.5 cm thick festis dose muoniiors record o dose 195
gresifer mn the mean dose in the phantom seroiom when

Tahle 1. ‘The percentiyre dose messored with and withouwt
primaty nnd scaimes radiation slicldng wsing e hlnck
phantons annd build-op cop of 3.7 emshown in Fig. 4

W cm Phoshiclding
aseel (relar Figr, 4]

Parcenl ommgdion ot serao] positon
relative o ionization al pocenler

Mame 1.5}
Pritnary 107
Hulter 0.7

¢ field lower Border was 7 em fiom the serolum center,
The corvespunding mean dose received inside an e center
of the acrylic serotum is presentsd o the sume table.

Fagition af testes withie the sereiee. The elanve dose
distriburinn within the acrybe phantom for the standard
irealment geomictry is presented in Fig, o, The dose vared
acioss Lhe lesles, bul wos primarily o fenctios of (e
distance from the fckl lower Border, which varied swith
chip puostiion (g 3

Feedad sozes The imfluenve of fGeld stee on testis dose is
shown in Fig. 7 for three distances fooo the Geld lower
hordier, The duse 10 Lhe westes increases by alont 195 in
(theolute terms, or almaost o doubling o relative terms, tor
e pamige of leld siees osed for this freatmcenl,

Piatensie frenet e field lower border, Vigure 6 shows
(ot full off in dose ot the fostis with incieasing distance
fronm Wk field lower border, Positons 1 and 2 asd 4 ad
5 huve heen averaped Docaose ey were at the saime
dhistamae from the lield lower border.,

Fort il Treatment of the ploamiom with and without
et Gl aedicined that esch 6 MY port Hm e fnehided
the weeatum in the primaey (large Geldy beam delivered
an additimel 2 or 3 ety (depending on whether an AT
or LAT film was tnkend, We wssume in luter ealeulntinns
Lhial, on ovérage, o dose of 2.5 eOy is dilivered Trom
(ot fili,

Prabienl preasirementy

Braen from e daily dose miesuresnents lue the four pa-
L wre reposted in Table 3,

Thae listince between U bead marker and the fiekd lower
border, a8 darenmined Mo the patient's port lilm, 4 re-
conled i Lable & lor tresements when port films wans ke,
The disrances canged Do o minimum of 2.2 cm w o mexi-
mum o 7.5 em.

A predicted dose (o o percentuge of the mncenter dnse)
to the testes, hased on the measured distance w the lield
lower bonder und the data in Fig. 6, is also sepoted in

Walle 2, 'The shwse (05 a peroenmge of the dose a1 e
socenter) o the teates and teatis dbuse moniier (TTM)
ani thies ol beropasmiorphie: phantom for different

mionifor busld-up tnckoesses

Thickness of TDR®*  Dose af the TRM'  Dose insicde 1esies!

[raTH| ("% = K07} [
0.5 1.1 | 43
1.5 1092 LGk
25 1.59 157
50 .62 .63

Acouraey of the wmcsarenenl is + LGS,

A1 = sipmelamd devintion.

* AT and ST duimcisaon.

"ereent dose relitive to the dege an the socemer Glistnee
from lower border 15 5 cim).

" Percen cose inside aerylie scrotwimn selative 1o the dise al
the isoccnter (distznce foomn lower limder is 7 cm.
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Fig. 6. Percenitige st in the testis relitive t dose at the isteeater fer the phimom arangeimcnt in Fig. 3 ax i
Mietion af distanee from the el Bower Barder, The three lnes cormespsail 0 positions wiibin te serotl piamion,

Table £, Using the mean predicied dose far each patient Use
expected doses per 2 Gy fetion without port il were
8.6, o4, 8, ol 0.0 eCy, respeciively,

MSCUSSION

Thie siensiereiments of primary il sealier componenty s
in keeping with simila sepoits o0 low energy bearns (L)

Thie peak reading Inslde the lestis dose mnaitos 15 the result
of eompeting bualuug of primary fronsmission and ileiin
tinn of low energy seattes, This Hmie e masinn dose
et e be sealized g the lestis, A reisomable measurement
of lestis dose oanside the feld edpe psing TEIDS, reguines
only 1 em tasue equivalest buildip n place ol Wi swe
distanee an the sty from the Beld lower border,

i
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Fig. 7. Percentage dose in the testis refative 1o dosc at the isocenter for ihie phantumn arrangenient in Fig, 3, us a
fanetion of fiald siwe. The tsee lines cormespond 1o positions within Uie sceotal phantom ot three dfistances rom
e figld lower border.
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Talsle 4. Fhe 1esiis dose daca for four pretients who had doily measarements

Fort film dose includead

Poat Gl close remioved

Mo, Mo, gt Hunge Mean 513 Tatul Range Meiin 3D Tzl

Faticnn lracticm iilms oGy} {uliv} (G ey fuliv] {£Gy) oy h [uliv)
| 33 H L e L full 1.5 1959 4 -TK 54 1.2 1TH.X
) 33 Ik B R 1 B 6.2 .5 2 E J0-3.1 | 1.5 1T E
3 a0 bl 10-89 5.3 L 1603 A0-6d 4.7 I4 15434
4 % 10 A 144 e 23 2T £47-140 i .4 e L

Tl kit wethowt port film dose assunses 2.5 iy per port film.

The predotmnmt fuctons intfuencing the dose neceived
by the testis were the ovcasion of a port Glm and
e distamee o the wstis from the lower border ol the
ficld.

Pur the patient messoremienis, e distinee from the
fichd lowver Border W e lestiy dose manitor vavied comsid-
erably because of alignmeist of e lesiis dose moniter on
the paricnl, leatimenl selup, snd dally snatomical varii-
lon, This, however, did not greatly ilfect the cstimute of
teatis dosi [rom the phantom data, provided o gool esti-
mute of the mean distance of the Held lower barder 1o
tentis duse monbtor wis obtalved. The dileenees belween
the measred testis dose with port film dnse removed
fhruam Lable ) and the predicted duse (frem Table 4) are

0.2, 4 L0, =0, L, amwd 0.0 eCiy, The larger difference for
panient T may he explained by o sigoilicant change in ihe
lield Jower burder lute bn treatment, whicly resulted in an
inaccwrate estimate of the mewn distance 1o e fests,

Tuble 2 illusreates the petubing influence of the esris
dode monilur un Lhe dose at the eenter of (e werylic
serotum, It also provides o simple relatonship betwien
duse determined by the restis dose monitor and the dose

at the center of the acrylic scrotum when the moadlor is
= 1.5 cm. The datain Table 2 soppest that o testis dose
mnitor that i about 1.5 em thick allews full contd bution
frim the high cnergy component 1o the testis dose, The
cluiee of a 1.5 ¢m thickness testis dose monitor ensires
addequate huildug e the TLD: in the testis dose monilor.
Tl ciatir for the 0.5 em testis dose monilor suggest that
areliable relationahip existy between the dogse to 1 testis
disse momiter und the mean dose within e acrylic sero-
tur, We ehose o LS cm thick monitor hecanse il gave
the muximum value for o constanl number of manitor
anits with o constant relationship hotween dose o the
phuntem seradim.

From the resulis from the four patients studied, it is
rensonable tooassuime tud oo estimate of the dose 10 e
lestin can be made acenmiely, provided o record of e
nimber of port Gilms iy twken and o method, using the
port films, for mepsucing the distunee of the restes o
the Leld lower border is available,

Far the parpise of uur proposed stady o monitur estic-
ular funetion using testosterone levels during, and for |
vens aller, w eourse of radiotherapy, it is of o benelit o

Fable 4, Distanecs {enn between the (el Tower border and the testes us measnred from port filins in Toer patients

Port film

7 ¥ H 10

1%eaenl | 2 3 i L1 fy
|
{ermh 410 A5 KR 4.3 313 a2
k) bl I 2.5 24 A 1.6
2
(o) il * 7.3 4,59 Sl h
{"% 1.6 ' 1.5 X7 [ 12
3
{runl 46 4.9 T 44 5.4 3
L 23 20 L6 24 o 2N
1
joml 4.0 A 343 2.2 al Az
fi | 26 L 37 A A 8

24 3.7

Pz AL 25D
4.8 in 1.8 L7 1.1
23 e | 25
3.5 ER 7 ad 40 AR i
23 2.7 4.1 1.7 e R |
17 4.4 4.7 44 2l
e 20 24
a4 1.0 32 3.4 53 1.5 1.1
5 4 3.3

The peedicted relative dose (%) o e weawes, Tor sech distonce, is given in italios.

251 — owo standand deviations,

* In this wises the port film was incomeetly pusitinnend. As the TLD markers were nol on the i, the % dose visloe coald nos be

presbicied,
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perlomm mare acenrare dose mewsurgments than done in
(his atiedy. as the dose wsed i conventionsl treatmenl
will b insullcient o deteet a signilicant allestion in

I

z

i
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Lstosterone lovel (1) The predicied estimare will soffive
to report the approximate range of doses received by pa-
tients in e shedy.
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