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ABSTRACT

I l tRaopenntrvg RADIoTHERApy ( l0ET) ts A - t 'REATI4ENT l toDALITY 0F cURRENT
INTEREST,  PAFTIcULARLY THE USE OF ELECT| IDNS AS A BOOST DOSE IN CON-

JUNCTION WITH CONVENTIONAL FRACTIONATED EXTERI ]AL BEAT4 RADlATlON,  A

l '1AJ0R pR0BLEM FAcED By tNsr t rur toNs coNstDERtNG t t t r t l r tne lu  l0RT
PRc i6RAi '1  tS  I l . lE  DFSIGN AND FABRICATl0N 0F  A  SUI IABLE APFLICAT0R SYSTEI4

A ton l lERc tAL ,  sys rEM,  lNcLUDI l , rG  PERrsccPIc  v tEJ4ER ANt  iLEcrRoN coNES,

HAS RECEI , ]TLY BEEN I ' / IARKETED (R,qNINTIOI I  PRONUCTS DCSIEN,  1NC,)  qNO IS

ADAPI-ABLE T1]  EXISTING ACCELERATORS'  l , lE  HAVE INSTALLED THIS SYSTEI l

ot n VnRinl  Clruac 18 AccELERAToR, los i l lern ic sruDlES HAVE BEEN I"1ADE

FoR coNE srzEs oF 4,5 ro 9,5 c t4 DIAMETER- t , l t rH FLAT AND BEVELED ENDS,
AND ELEcTRoN ENERGIEs or  12,75,  r to  18 l leV,  Pln,querERs 0F INTEREST/
INCLUDING sL lRFACE DOSE,  DEPTH DOSE/  CONE RATIOS,  ]SODOSE CURVES/  AND

BEAI4  PROFILES ' I i  i LL  BE PRESENTED,  CL IUIC,q I  EXPERIENCE IN  USE OF THE

SYSTETj  AND DESIGN FEATURES WILL  tsE  DISCUSSED.
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DESIGI.I FEATURES

Txe I0RT AssEMBLy/ sHowN IN Ftounes L ro 6, colstsrs or tsg
FOLLOWING MAJOR COMPONENTS I

1, Aupren Prnre Is cusroM MADE FoR EAcH ACCELERAToR AND ALLows
THE AssEMBLy ro BE ATTAcHED To rHE TREATMENT uNlr ,  Sgcuneo

BETwEEN pLATE AND vIEWER ls A sHEEt or  '002" THICK MYLAR To

PREVENT POSSIBILITY OF FOREIGN MATTER ENTERING SITE,

2,  Assgr ' rg lv Blnner Is MADE 0F ALUl4lNUl ' l  f lHIcH Is ANoDIZED T0

OBTAIN SURFACE HARDNESS AND TO PREVENT DISCOLORATION DURING

COLD GAS STERILIZATION.

3, VrewtNo Tusr l to HIGHLY PoLISHED srAlNLEss srEEL MIRRoR AND

LEVER CONTROL ALLOI{S VIEI4ING OF TUMOR PRIOR TO IRRADIATION'

Spnntos ngrucr MtRRoR our 0F BEAM DURINo TREATMENT'

4, Pl tr  LraHr HornEns oN swtvEL BRACKETS ALLoW ADJUSTMENT 0F A
FocusED LTGHT BEAM To TREATMENT AREA, AsseNgutes ARE REMovABLE
FOR USE OF FIBER OPTICS LIGHT SOURCE IF DESIRED,

5, Hrrego Doon IN LowER sEcrIoN oF vlEwlNG ASSEMBLY ALLows ELEcIRoN
coNES To BE LATERALLY DocKED INTo uNlr '  T l ts  eReerty FACILITATES

THE DOCKING I4ANEUVER AND IS AN IMPORTANT SAFETY FEATURE'

6, ErecrnoN Colrs nne lrnoe or 1/8" THIcK AcRYLIc, 12" r-olo, TnnEr
ACRYLIC SPACER RINGS ALLOW THE DIFFERENT SlZE CONES TO SLIDE

lNTo rHE BARREL oF THE v lEWER, A 3/16 '  BRASS PLAIE wl rH A

CENTRAL HOLE IS MOUNTED 10 THE TOP OF EACH CONE TO PREVENT

ELEcTRoN pENETRATIoN oF THE sPAcER RINGs,  T l lnreen coNE sIzEs

wrrH rNslDE DIAI4ETERs rnou 1,9 ro 9,5 cM ARE MANUFAcTURED, wlrH

END ANGLES or 00, 150, 300, rno 450, CoruEs up ro 5'1 cm cel
ALSO BE SUPPLIED WITH OBTURATORS FOR USE AS INTR'ACAVITARY APPLT-

cAToRs, A sEt or  DUMMY coNES Is AVAILASLE IN SURGERY FoR usE

IN SELECTING THE PROPER CONE SIZE,



IurnropEnnrtve RADIoTHERAPY ( l0RT) ts oF cURRENT INTEREST lN

RADTATION ONCOLOGY BECAUSE OF THE POTENTIAL IMPROVEI4ENT IN THE

THERApEUTIc RATIo oF LocAL coNTRoL vERsus col lPLlcATloNS. Ennuv
WORK BY INVESTTGATORS IN JAPAN, AS WELL AS RECENT STUDIES IN THE

[J,S,  rnve DEMoNSTRATED THAT coMBINATI0NS 0F ExTERNAL BEAM PHoToNs,

INTRAOPERATIVE ELECTRONS, AND SURGICAL RESECTION ARE FEASIBLE AND

PRACTICAL,  AND I ' IAY STGNIFTCANTLY IMPROVE THE DURATION OF SYMPTOM-

FREE OR OVERALL SURVIVAL OF CANCER PATIENTS'

BEcause or succEssEs tN LocAL coNTRoL 0F DlsEAsE THAT HAVE
BEEN REPORTED IN THE LIMITED EXPERIENCE TO DATE, MANY RADIOTHERAPY

cENTERs ARE INTEREsTED rN lNlr lATtNG l t ' t  I0RT pnoennu, A mnlon
PROBLEM FACED BY THESE CENTERS IS THE DESIGN AND FABRICATION OF

A SUITABLE APPLTCATOR SYSTEM AND THE LARGE NUMBER OF ELECTRON CONES

NEEDED To FAcILTTATE TREATMENT, l l |osr  naotorsERAPY DEPARTMENTS Do

NOT HAVE ACCESS TO THE EXTENSTVE MACHINE-SHOP FACILITIES NEEDED TO
pERFoRM THts rAsK. FunttenuonE., AccELERAToR I ' IANUFAcruRERs D0 N0T
pREsENTLy suPPLY THE AccEssoRIEs lEeneo ron I0RT' Iru l lswen to
REOUESTS FROI, l  THE RADIOTHERAPY COMMUNITY,  A COMMERCIAL VENDOR
(Rnotnrtor Pnooucrs Destel, Inc,, Burrrlo, l l lN) xas nestoneo nno ,
l4ANUFAcTuRED ln I0RT nppulcAT0R SYSTEMi coMPLETE l l l rH PERISc0PIc

vlEwtNG AssEMBLy AND vARIous slzE ELEcTRoN coles, ,Tne sYsrEM ls

stMILAR tN DEstGN To THAT usED nr rne l ' leyo Ct- l t l tc, '
Ar r te 0cnstrn Founonrtot l  HosPlrAL, THE sYsrEN HAs BEEN INSTALLED

ol l  l  Vanlnru Cr-ruc 18 ACcELERAToR l l t  rnE Depnntmelr op Reotnrtol t
0r.rcoloev, r , lHERE AN IORT cl l r tcnl  PRoGRAI4 BEGAN I l  J l luanY, 1984,
I t  onnen ro MINIMIZE THE NUMBER oF ELECTRoN coNEs, IT l^1AS DEcIDED

To LTMIT THE coNEs ro FrvE DIAMETERS, BETWEEN 4'5 nNl 9.5 ct" t  l t lo

THREE END ANGLES OF O, 15,  AIO 3OO,

Tge oglEcrtve oF THE PREsENT woRK t^ iAS 1) To MEASURE AND EVALUATE

THE DostMETRtc pARAMETERs oF THts sYsrEM, 2)  ro InvesrIGATE THE DESIGN

FEATUREs AND sPEcIFIcATIoNs, AND l )  ro Evnlunre rHE PERFoRMANcE oF THE

SYSTEM IN CLIN ICAL USE'



UOSIMETRIC DATA WERE TAKEN FOR ALL CONES AT ELECTRON ENERGIES
oF 72, 15, AND 18 l4EV, tHE ENERGIES oF INTEREST FoR Mosr UNRESECTABLE
cAsEs, Exrelrslot oF IHESE T4EASUREMENTs ro 9 fvkV, AN ENERGv oF INTEREsT
FOR INTRACRANlAL IRRADIATION AND SOFIE CASES INVOLVING RESECTION, WILL
BE THE SUBJECT OF A LATER STUDY.

l lusunEmEtts  oF ourpur  pnctoRs (cote Rl r los) ,  DEPTH DosE/  suRFAcE
DOSE, AND X.RAY CONTAMINATION WERE I4ADE WITH A THTN } { INDOWJ PARALLEL
pLATE r0NrzATroN cHAMBER (CAprNrEc,  I lc , ,  mooel  PS-033)  t t  A PoLYSTYRENE
PHANTOM. POIYSTVNEIE SHESTS OF VARTOUS THICKNESSES WERE USED FOR gUILD'

UP AND ATTENUATION. IOI IZITIOI  READINGS, RECORDED WITH I  KEITHLV |VIOOEL

616 ote tu l  ELEcTRoMETER, l tERE coRREcrED FoR BEAI , !  DIvERGENcE AND coN-
vERTED To pERcENr DEprH DosE ustNG APPRoPRIATE C,  vnuurs.  coNE RATlos
wERE DETERMINED By coMpARISoN oF loNrzATIoN READINGs wtr t t  I  "s tANDnnD"
10 x  10 c la  ELEcTRoN AppLIcAToR, Psoroei lpns or  rng IORT sYsrEM IN THE

I4EASuREMENT ARRANGEMENT ARE sHowN nt Fteunes / ltn 8,
l {e lsuRements oF IsoDosE cuRVEs wERE REcoRDED ustNG TYPE XV-2 x-nev

FrL l4  sANDwIcHED lN A LARGE f4AsoNlrE FILM PHANToM, Tne pnocesseo FILt ts
WERE SCANNED l ' i ITH AN AUTOIIATI  C FILM DENSITOMETER AND THE ISODENSIIY
cuRVES pLorrED,  THe cet rn l t  AXls  vALUES ! , /ERE NoRt4tL lzED To rHE IoNIZA-

TION CHAI ' IBER RESULTS,
lv le lsunemErts  oF BEAI4 PRoFILES wERE TAKEN lN A wATER PHANToM wlrH

A stLIcoN DIoDE DETEcToR ATTAcHED To A BEAI4 scANNER, ALL sc l t ' l s  wgRE

mnoe l t  Dro*  oent t ,  CHECK t ' tEAsuREl4ENTs ! (ERE ALSo !1ADE wlrH F lLMs,
WITH RESULTS ESSENT1ALLY IDENTICAL TO THOSE I4ADE WITH THE DIODE.



lv le lsueeMeNrs oF coNE RATIos (Fte,  7)  sHow rHAT FoR ALL ENERGI€s,
THE OUTPUT DECREASES I , I ITH INCREASING CON€ DIAMETER AND DECREASING CONE

ANGLE, Fon rre uneen coNE srzEs/ THE coNE RATIo FoR 18 l leV Er-ecrnots
DRops BELow IHAT oF THE 15 llEV eucrnolts,

Dgptx rose cuRVEs FoR rre 9'5 ct ' t  coles (Fteunes 8-10) lne rvplcl l
oF THosE oBSERVED FoR ALL THE coNEs, 0r pnnrrcuun INTEREsT Is rHE
DECREASE oF X D€prH DosE } , { t rH INCREAStNG coNE ANGLE, AN EFFECT RECENTLY
sruDlED By Btees" ,  T lg le  I  ts  a  su f inRv oF THE DoSIMETRIC PRoPERTIES oF
THE INTRAoPERATIVE coNEs tN ltiHIcH Dl',tAX/ suRFAcE DOSE/ DEPTHS ron 90%,
502,  l rn  30[  oose,  AND AvERAGE x-RAy coNTAMINATtoN ARE 6tvEN FoR THE
sr ' tALLEsr (4,5) l l ro uaaesr (9,5) coNEs sruDlED' Tnts r l l le sHows rHAT
AT EACH ENERGY I

1,

4,

2,

Tnene ts  No AppRECIABLE cHANGE IN DMAX wtrH coNE ANGLE DUE T0

THE BRoAD mAXIMA rHAr Extsr AT 12-18 lleV,
TneRe ts l  sml l l  (2-3%) DEcREAsE IN suRFAcE DosE tr trH INCREAStNG
CONE ANGLE FOR THE LARGE CONESJ BUT NO CHANGE WITH THE SMALL ONES'

TtE v lntnrroru or  I  oEptt r  DosE r4i rH coNE ANGLE ts SIGNIFIcANT AND
IS  MORE PRONOUNCED FOR SMALL CONE DIAMETERS IHAN FOR LARGE ONES.

THe x-nlv CoNTAMINATIoN IS LEss rHAN 4f  tn lu l  c lses '

Isooose cuRvEs FoR ALL THE coNEs AND ENERGIEs ARE sHowN t t  Fteunes
11-13,  Tse DIsplAy oF l r - t  45 cunves !s HELPFUL IN coNE sELEc"r loN/ As
i , IELL AS TO EMPHASIZE THE DISTORTED SHAPE OF THE IRRADIATED VOLUI4E l l {H€N

USING BEVELED CONES,

BsA.1 pnoprLes ron tre 00 eruo J00 cotes ARE sHowN It  Fteunr 14 nnn
15, TnEse suow pe,qrnte (nonns) AT THE EDGES oF THE FIELD/ wHIcH BEcot" lES
I ' lORE PRONOUNCED WITH DECREASING CONE DIA I4ETER AND INCREASING ENERGY.  TT IC

I4oRsE cAsE or  e  4 ,5 c l '1  coNE AT 18 iY leV snows ABout  A 7% vARIATIoN lN FLAT-

NESS AcRoss rHE FIELD,  Txe geveLeo coNES EXHIBIT AN AsYl ' l t4ETRY STRoNGLY

DEPENDENT upoN THE coNE 0IAMETER, St t tcg oost t le tn tc  PARA|IETERS ARE DEPEN-
DENT ON COLL I I IATOR SETTING,  PARTICULARLY CONE RAT lOS AND BEAM PROFiLES,

sruDIEs wERE MADE To INVEsTIGATE THEsE EFFEcrs,  Fteune 16 sHows rHE
vARIATIoN oF coNE RATIo wtrH coLLIMAToR sETTING, wgtLe F leunr  17 t t - t -us-

TRATEs rHE EFFEcT oF coLLI iv lAToR sETTING oN FLATNESS, l t  was cot ' tcLuneo
THAT A FrxED coLLIMAToR sETr lNG oF 10 x  10 c t l  wes "opr imnL"  FoR THEsE

coNEs,



CONCLUSI ONS

Tte oes laH,  DostMETRlc PRoPERTIES AND SAFETY FEATURES 0F THE

SYSTEM DESCRIBED AND DOCUMENTED IN THIS STUDY ALL APPEAR TO BE

ADEd0ATELy sutrED FoR I0RT' Tte col'lMERclAL AVAILABILITY 0F

THESE Col'lPoNENTs AND THE ADAPTABI LrTY 0F THE ASSEMBLY T0 ExISTING

AccELERAToRS ALLot{  INt r lATIon or  I0RT PRocRAl ' ls  IN HosPtrALs LAcKING

THE EXPERIISE NEEDED TO FABRICATE SUITABLE APPLICATORS.

I t  r rE ur t l t tEo cLrNlcAL EXPERIENCE ro oare (6  PATIENTS TREATED

wrrH DosEs aErween 12 lno L7'5 Gv),  rne APPLIcAToR sYsrEM HAs
FuNcrtoNED r, ,rELL, wlrH No rEcHNtcAL PRoBLEMS ENCouNTERED, Rmlo-
THERAPISTS HAVE EXPRESSED SATTSFACTION l , l ITH THE DOSE CHARACTERISTICS

AND WITH THE FLEXIBIL ITY AND EASE OF USE OF THE PERISCOPIC VIEWER

AND INTRAOPERATIVE CONES.

1. EowrN C, lv lcCur_loueg nlo Josepr A, AN9ERsoN, f i leo, Pnvs,

9 (2), 261 (1982)

2, Peren J,  BIces, Pxvs, PIED, BIoL, (ro se pusl- tsHeo)
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DEPTH (Cm) IN POLYSTYBENE ALONG CENTRAL AXIS
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D€prH Is tyEAsuRED ALoNG CENTRAL AXIs 0F BEAI4'
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roo 18 MeV ELECTRONS
9.5cm CONE
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12 MeV

FLAT END CONES

Cone
Dlamst6r

(cm)

15 MeV

13 x lC crq,
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Distance from Center (cm)

FlG,  14 BEAM pRoFTLES ron rHr  00 ( rur  Eun)  coNEs FoR
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-6-2-1
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12, 15,  ruo 1E l leV, CoLLIMeton sErr tNG rs 10 x 10 cm,
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CONE RATIO WITH COLLI I4ATOR SETTING FOR

18 l leV elecrnors,

1Ox 10 lr.o
lo.u

Fts, 16



15 MeV
5.7cm Cone
FLAT END

Collimator
Setting
15115
lOx1O
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8x8

lrz
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I642-8 -6 -4 -2 o

5,7 cm rur END coNEr
COLLIMATOR SETTING ON

15 l4eV elecrnorus,
FLATNESS AND

Distance from Center (cm)

Benm pnop I  Les ron
SHOWING EFFECT OF
OUTPUT.

Frc, 1/


