EVALUATION OF A COMMERCIAL APPLICATOR SYSTEM

FOR INTRAGPERATIVE RADIOTHERAPY
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ABSTRACT

INTRAOPERATIVE RADIOTHERAPY (IORT) 15 A TREATMENT MODALITY OF CURRENT
INTEREST, PARTICULARLY THE USE OF ELECTRONS AS A BOOST DUSE IN CON-
JUNCTTON WITH CONVENTIONAL FRACTIONATED EXTERNAL BEAM RADIATION., A
MAJOR PROBLEM FACED BY INSTITUTIONS CONSIDERING INITIATING AN IORT
PROGRAM IS THE DESIGN AND FABRICATION OF A SUITABLE APFLICATOR SYSTEM,
A COMMERCIAL SYSTEM, INCLUDING PERISCOFIC YIEWER AND ELECTRON CONES,
HAS RECENTLY BEEN MARKETED (Rap1ATION ProDUCTS DESIGN, INC.) AND IS
ADAPTABLE TO EXISTING ACCELERATORS. W& HAVE INSTALLED THIS SYSTEM

oN A Varian CLINAC 18 ACCELERATOR., DOSIMETRIC STUDIES HAVE BEEN MADE
FOR CONE SIZES OF 4.5 1o 9.5 cM DIAMETER. WITH FLAT AND BEVELED ENDS,
AND ELECTRON ENERGIES OF 12, 15, anD 18 MeV. PARAMETERS OF INTEREST,
INCLUDING SURFACE DOSE, DEPTH DOSE, CONE RATIOS, 1SODOSE CURVES, AND
BEAM PROFILES WILL BE PRESENTED. CLINICAL EXPERIENCE IN USE OF THE
SYSTEM AND DESIGN FEATURES WILL BE DISCUSSED.



oot

THE IORT ASSEMBLY, SHOWN IN FIGURES 1 TO 6, CONSISTS OF THE
FOLLOWING MAJOR COMPONENTS:

ADAPTER PLATE 1S CUSTOM MADE FOR EACH ACCELERATOR AND ALLOWS
THE ASSEMBLY TO BE ATTACHED TO THE TREATMENT UNIT. SECURED
BETWEEN PLATE AND VIEWER IS A SHEET oF ,002” THICK MYLAR TO
PREVENT POSSIBILITY OF FOREIGN MATTER ENTERING SITE.

E§§_EMB,LI BARREL IS MADE OF ALUMINUM WHICH IS ANODIZED TO
OBTAIN SURFACE HARDNESS AND TO PREVENT DISCOLORATION DURING
COLD GAS STERILIZATION.

VIEWING TUBE AND HIGHLY POLISHED STAINLESS STEEL MIRROR AND
LEVER CONTROL ALLOWS VIEWING OF TUMOR PRIOR TO IRRADIATION,
SPRINGS RETRACT MIRROR OUT OF BEAM DURING TREATMENT,

PEN LIGHT HOLDERS ON SWIVEL BRACKETS ALLOW ADJUSTMENT OF A
FOCUSED LIGHT BEAM TO TREATMENT AREA. ASSEMBLIES ARE REMOVABLE
FOR USE OF FIBER OPTICS LIGHT SOURCE IF DESIRED.

HinGeD DQOR IN LOWER SECTION OF VIEWING ASSEMBLY ALLOWS ELECTRON
CONES TO BE LATERALLY DOCKED INTO UNIT. THIS GREATLY FACILITATES
THE DOCKING MANEUVER AND IS AN IMPORTANT SAFETY FEATURE.

ELECTRON CONES ARE MADE OF 1/8" THICK AcRYLIC, 12" LONG, THREE
ACRYLIC SPACER RINGS ALLOW THE DIFFERENT SIZE CONES TO SLIDE
INTO THE BARREL OF THE VIEWER. A 3/16" BRASS PLATE WITH A
CENTRAL HOLE IS MOUNTED TO THE TOP OF EACH CONE TO PREVENT
ELECTRON PENETRATION OF THE SPACER RINGS. THIRTEEN CONE SIZES
WITH INSIDE DIAMETERS FROM 1.9 10 9.5 CM ARE MANUFACTURED, WITH
enp anecLes oF 00, 159, 309, anp 45°, Cones up To 5.1 cM CAN
ALSO BE SUPPLIED WITH OBTURATORS FOR USE AS INTRACAVITARY APPLI-
CATORS., A SET OF DUMMY CONES IS AVAILABLE IN SURGERY FOR USE

IN SELECTING THE PROPER CONE SIZE.



INTRODUCTION

INTRAOPERATIVE RADIOTHERAPY (IORT) IS OF CURRENT INTEREST IN
RADIATION ONCOLOGY BECAUSE OF THE POTENTIAL IMPROVEMENT IN THE
THERAPEUTIC RATIO OF LOCAL CONTROL VERSUS COMPLICATIONS. EARLY
WORK BY INVESTIGATORS IN JAPAN, AS WELL AS RECENT STUDIES IN THE
U.S. HAVE DEMONSTRATED THAT COMBINATIONS OF EXTERNAL BEAM PHOTONS,
INTRAOPERATIVE ELECTRONS, AND SURGICAL RESECTION ARE FEASIBLE AND
PRACTICAL, AND MAY SIGNIFICANTLY IMPROVE THE DURATION OF SYMPTOM-
FREE OR OVERALL SURVIVAL OF CANCER PATIENTS,

BECAUSE OF SUCCESSES IN LOCAL CONTROL OF DISEASE THAT HAVE
BEEN REPORTED IN THE LIMITED EXPERIENCE TO DATE, MANY RADIOTHERAPY
CENTERS ARE INTERESTED IN INITIATING AN [ORT PROGRAM. A MAJOR
PROBLEM FACED BY THESE CENTERS IS THE DESIGN AND FABRICATION OF
A SUITABLE APPLICATOR SYSTEM AND THE LARGE NUMBER OF ELECTRON CONES
NEEDED TO FACILITATE TREATMENT. MoST RADIOTHERAPY DEPARTMENTS DO
NOT HAVE ACCESS TO THE EXTENSIVE MACHINE-SHOP FACILITIES NEEDED TO
PERFORM THIS TASK., FURTHERMORE, ACCELERATOR MANUFACTURERS DO NOT
PRESENTLY SUPPLY THE ACCESSORIES NEEDED FOR IORT, IN ANSWER TO
REQUESTS FROM THE RADIOTHERAPY COMMUNITY, A COMMERCIAL VENDOR
(RaDIATION PropucTs DEsIGN, INc., BurraLo, MN) HAS DESIGNED AND
MANUFACTURED AN [ORT APPLICATOR SYSTEM, COMPLETE WITH PERISCOPIC
VIEWING ASSEMBLY AND VARIOUS SIZE ELECTRON CONES. THE SYSTEM IS
SIMILAR IN DESIGN TO THAT USED AT THE MAvo CLinic. !

AT THE OCHSNER FOUNDATION HOSPITAL, THE SYSTEM HAS BEEN INSTALLED
oN A VARIAN CLINAC 18 ACCELERATOR IN THE DEPARTMENT OF RADIATION
ONCOLOGY, WHERE AN IORT CLINICAL PROGRAM BEGAN IN JANUARY, 1984,

[N ORDER TO MINIMIZE THE NUMBER OF ELECTRON CONES, IT WAS DECIDED
TO LIMIT THE CONES TO FIVE DIAMETERS, BETWEEN 4.5 AND 8.5 cM AND
THREE END ANGLES ofF 0, 15, anp 30°.

THE OBJECTIVE OF THE PRESENT WORK WAS 1) TO MEASURE AND EVALUATE
THE DOSIMETRIC PARAMETERS OF THIS SYSTEM, 2) TO INVESTIGATE THE DESIGN
FEATURES AND SPECIFICATIONS, AND 3) TO EVALUATE THE PERFORMANCE OF THE
SYSTEM IN CLINICAL USE.



METHODS

DoSIMETRIC DATA WERE TAKEN FOR ALL CONES AT ELECTRON ENERGIES
oF 12, 15, anp 18 MEV, THE ENERGIES OF INTEREST FOR MOST UNRESECTABLE
CASES., EXTENSION OF THESE MEASUREMENTS TO 9 MeV, AN ENERGY OF INTEREST
FOR INTRACRANIAL IRRADIATION AND SOME CASES INVOLVING RESECTION, WILL
BE THE SUBJECT OF A LATER STUDY.

MEASUREMENTS OF OUTPUT FACTORS (CONE RATIOS), DEPTH DOSE, SURFACE
DOSE, AND X-RAY CONTAMINATION WERE MADE WITH A THIN WINDOW, PARALLEL
PLATE IONIZATION CHAMBER (CAPINTEC, INc,, MoDEL PS-033) IN A POLYSTYRENE
PHANTOM. POLYSTYRENE SHEETS OF VARIOUS THICKNESSES WERE USED FOR BUILD-
UP AND ATTENUATION. [ONIZATION READINGS, RECORDED WITH A KEITHLY MoDEL
616 DIGITAL ELECTROMETER, WERE CORRECTED FOR BEAM DIVERGENCE AND CON-
VERTED TO PERCENT DEPTH DOSE USING APPROPRIATE (. VALUES. (ONE RATIOS
WERE DETERMINED BY COMPARISON OF IONIZATION READINGS WITH A “STANDARD”
10 x 10 cM ELECTRON APPLICATOR., PHOTOGRAPHS OF THE IORT SYSTEM IN THE
MEASUREMENT ARRANGEMENT ARE SHOWN IN FIGURES 7 AND 8,

MEASUREMENTS OF ISODOSE CURVES WERE RECORDED USING TYPE XV-2 X-=RAY
FILM SANDWICHED IN A LARGE MASONITE FILM PHANTOM. THE PROCESSED FILMS
WERE SCANNED WITH AN AUTOMATIC FILM DENSITOMETER AND THE ISODENSITY
CURVES PLOTTED. THE CENTRAL AXIS VALUES WERE NORMILIZED TO THE IONIZA-
TION CHAMBER RESULTS.

MEASUREMENTS OF BEAM PROFILES WERE TAKEN IN A WATER PHANTOM WITH
A SILICON DIODE DETECTOR ATTACHED TO A BEAM SCANNER., ALL SCANS WERE
MADE AT Dy,y DEPTH. CHECK MEASUREMENTS WERE ALSO MADE WITH FILMS,

WITH RESULTS ESSENTIALLY IDENTICAL TO THOSE MADE WITH THE DIODE.



RESULTS

MEASUREMENTS OF CONE RATIOS (F1G, /) SHOW THAT FOR ALL ENERGIES,
THE OUTPUT DECREASES WITH INCREASING CONE DIAMETER AND DECREASING CONE
ANGLE., FOR THE LARGER CONE SIZES, THE CONE RATIO FOR 18 MeY ELECTRONS
DROPS BELOW THAT of THE 15 MEV ELECTRONS.

DEPTH DOSE CURVES FOR THE 9.5 cm cones (Frgures 8=-10) ARE TYPICAL
OF THOSE OBSERVED FOR ALL THE CONES., OF PARTICULAR INTEREST IS THE
DECREASE OF % DEPTH DOSE WITH INCREASING CONE ANGLE, AN EFFECT RECENTLY
STUDIED BY B16Gs 2 TABLE L IS A SUMMARY OF THE DOSIMETRIC PROPERTIES OF
THE INTRAOPERATIVE CONES IN WHICH DMAX, SURFACE DOSE, DEPTHS FOrR 907,
50%, AND 30% DOSE, AND AVERAGE X-RAY CONTAMINATION ARE GIVEN FOR THE
SMALLEST (4.5) AND LARGEST (9.5) CONES STUDIED. THIS TABLE SHOWS THAT
AT EACH ENERGY:

1. THERE IS NO APPRECIABLE CHANGE IN DMAX WITH CONE ANGLE DUE TO
THE BROAD MAXIMA THAT EXIST AT 12-18 MeV.
2, THERE 1S A SMALL (2-37) DECREASE IN SURFACE DOSE WITH INCREASING
CONE ANGLE FOR THE LARGE CONES, BUT NO CHANGE WITH THE SMALL ONES,
3. THE VARIATION OF % DEPTH DOSE WITH CONE ANGLE IS SIGNIFICANT AND
IS MORE PRONOUNCED FOR SMALL CONE DIAMETERS THAN FOR LARGE ONES.
4, THE X-RAY CONTAMINATION IS LESS THAN 47 IN ALL CASES.

[SODOSE CURVES FOR ALL THE CONES AND ENERGIES ARE SHOWN IN FIGURES
11-13, THE DISPLAY OF ALL 45 CURVES 1S HELPFUL IN CONE SELECTION, AS
WELL AS TO EMPHASIZE THE DISTORTED SHAPE OF THE IRRADIATED VOLUME WHEN
USING BEVELED CONES.

Beam ProFILES ForR THE 0° anp 30° coNeEs ARE SHOWN IN FIGURE 14 AND
15, THESE SHOW PEAKING (HORNS) AT THE EDGES OF THE FIELD, WHICH BECOMES
MORE PRONOUNCED WITH DECREASING CONE DIAMETER AND INCREASING ENERGY. [HE
WORSE CASE OF A 4.5 cm coNeE AT 18 MgV sHows ABouT A 7% VARIATION IN FLAT-
NESS ACROSS THE FIELD, IHE BEVELED CONES EXHIBIT AN ASYMMETRY STRONGLY
DEPENDENT UPON THE CONE DIAMETER, SINCE DOSIMETRIC PARAMETERS ARE DEPEN-
DENT ON COLLIMATOR SETTING, PARTICULARLY CONE RATIOS AND BEAM PROFILES,
STUDIES WERE MADE TO INVESTIGATE THESE EFFECTS. FIGURE 16 SHOWS THE
VARIATION OF CONE RATIO WITH COLLIMATOR SETTING, WHILE FIGuURe 17 1LLus-
TRATES THE EFFECT OF COLLIMATOR SETTING ON FLATNESS. [T WAS CONCLUDED
THAT A FIXED COLLIMATOR SETTING OF 10 x 10 cm was "oPTIMAL"” FOR THESE
CONES.



CONCLUSIONS

THE DESIGN, DOSIMETRIC PROPERTIES AND SAFETY FEATURES OF THE
SYSTEM DESCRIBED AND DOCUMENTED IN THIS STUDY ALL APPEAR TO BE
ADEGUATELY SUITED FOR IORT. THE COMMERCIAL AVAILABILITY OF
THESE COMPONENTS AND THE ADAPTABILITY OF THE ASSEMBLY TO EXISTING
ACCELERATORS ALLOW INITIATION OF [ORT PROGRAMS IN HOSPITALS LACKING
THE EXPERTISE NEEDED TO FABRICATE SUITABLE APPLICATORS.

IN THE LIMITED CLINICAL EXPERIENCE TO DATE (B PATIENTS TREATED
WITH DOSES BETWEEN 12 AND 17.5 GY), THE APPLICATOR SYSTEM HAS
FUNCTIONED WELL, WITH NO TECHNICAL PROBLEMS ENCOUNTERED. RADIO-
THERAPISTS HAVE EXPRESSED SATISFACTION WITH THE DOSE CHARACTERISTICS
AND WITH THE FLEXIBILITY AND EASE OF USE OF THE PERISCOPIC VIEWER
AND INTRAOPERATIVE CONES,
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Fig, 1 Complete Periscopic Viewer and Fig. 2 Periscopic Viewer with hinged
Electron Cone with adapter plate door in the open position,
f for Varian Clinac 18. showing lateral docking of cone.
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Fic, 5 EXPERIMENTAL ARRANGEMENT FOR DOSIMETRIC MEASUREMENTS WITH
POLYSTYRENE PHANTOM,

f16. 6  APPLICATOR SYSTEM IN USE DURING PATIENT TREATMENT,
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Fig, 8 PERCENT DEPTH DOSE CURVES IN POLYSTYRENE FoR 12 MeV
ELECTRONS, 9.5 cM conNe, AND 10 x 10 cM COLLIMATOR SETTING,
DEPTH IS MEASURED ALONG CENTRAL AXIS CF BEAM,
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F16, 9 PERCENT DEPTH DOSE CURVES IN POLYSTYRENE FoR 15 MeV
ELECTRONS AND 10 x 10 cM COLLIMATOR SETTING. DEPTH IS
MEASURED ALONG CENTRAL AXIS OF BEAM.
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Fic, 10 PERCENT DEPTH DOSE CURVES IN POLYSTYRENE FOR 18 MgV
ELECTRONS, 9.5 cM cone, AND 10 x 10 CM COLLIMATOR
SETTING. DEPTH IS MEASURED ALONG CENTRAL AXIS OF BEAM.
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Fic. 11 [SODOSE CURVES AT ELECTRON ENERGY OF 12 MeV,
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Fie, 12 ISODOSE CURVES AT ELECTRON ENERGY OF 15 MeV.



Flat End 15° Bevel
ELECTRON ENERGY =18 MeV

Fig. 13 [SODOSE CURVES AT ELECTRON ENERGY oF 18 MeV.
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Fig. 14 Beam PrOFILES FOR THE 0° (FLAT END) CONES FOR ENERGIES
ofF 12, 15, anp 18 MeV, CoLLIMATOR SETTING IS 10 x 10 cm,
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Fig. 15 BeAM PROFILES FOR THE 30° BEVELED CONES FOR ENERGIES OF
12, 15, anp 18 MeV. CoLLimaTOR SETTING Is 10 x 10 cm.



CONE RATIO
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Fic, 16 VARIATION OF 'CONE RATIO WITH COLLIMATOR SETTING FOR
12, 15, anp 18 MeV ELECTRONS.
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Fig, 17 BEAM PROFILES FOR 5.7 CcM FLAT END coNE, 15 MgV ELECTRONS,
SHOWING EFFECT OF COLLIMATOR SETTING ON FLATNESS AND
OUTPUT.



