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THREE-DIMENSIONAL APPLICATOR SYSTEM FOR CARCINOMA OF THE
UTERINE CERVIX

K. J. WEEKkS, Pa.D. anD G. S. MoNTANA, M.D.

Department of Radiation Oncology, Duke University Medical Center, Durham, NC

Purpose: Intracavitary dose prescription for cancer of the uterine cervix has been based on the use of plane
orthogonal films. Computed tomography (CT) and magnetic resonance imaging can provide three-dimensional
(3D) anatomic information with which more sophisticated treatment planning can be carried out. This work
describes a new tandem and ovoids design that permits modern 3D dosimetry and has the same placement
flexibility for the physician as the applicators currently being used.

Methods and Materials: The external shape of the Fletcher-Suit-Delclos (FSD) minicolpostat tandem and ovoids
system has been used as a model to build a prototype of a new applicator. The prototype colpostats are constructed
out of aluminum and steel. The tandems are made of aluminum. The Fletcher shields are eliminated. A new
method of using tungsten for dose attenuation and shielding has been designed. Longitudinal alignment of the
tungsten shields makes the new system possible, This applicator is CT-compatible.

Resulis: Dose calculations for the new design are compared to a commercial version of the FSD applicator. Both
the aluminum prototype and a simple extension of the prototype to a plastic applicator system are considered. It
is shown that the principal difference in dose is that the dose is reduced in the region inferior to the center ol the
ovoids. All configurations (plastic caps on or off) are equivalently shielded for the new device. In addition, an
intermediate mini-ovoid configuration can be used clinically via the introduction of a D-shaped cap. The latter
reduces the high dose to the vaginal mucosal surfaces.

Conclusion: For a single ovoid, a comparison of dose with the FSD shows differences; however, the difference in
dose is insignificant when the complete applicator, tandem, and ovoids are compared. With this new applicator,
it is now possible to accumulate very accurate and detailed 3D dose-distribution data for the critical structures
and other points of interest in the vicinity of the applicator. These data will permit future analysis of the corre-
lation of dose and outcome for carcinoma of the cervix. © 1997 Elsevier Science Inc.

Fletcher-Suit-Delelos, CT, Tandem and ovoids, Cervix cancer, Brachytherapy, Applicators.

INTRODUCTION With the Fletcher system, to obtain the most desirable
dose distribution, the ovoids should be close to the vaginal
apex and separated from each other as much as possible.
The metal shields in the ovoids (typically tungsten alloy)

The Fletcher (4) intracavitary applicator for the treatment
of cancer of the uterine cervix was developed on the basis

ol the experience of the Manchester tandem and ovoid
system (22), designed for use with radium sources. The
original preloaded system was modified by Suit ef al. (21)
and converted to an afterloading system to reduce expo-
sure to personnel. Other improvements (1, 3, 5, 7) fol-
lowed and culminated in Delclos’s design of minicolpos-
tats for use when the vaginal vault is narrow or distorted
(8). An important aspect of the Fletcher applicator design
is the use of high-density metal shields to reduce the dose
in the direction of the anterior rectal wall and the bladder
trigone without decreasing the dose to the cervix and para-
cervical areas (2, 4).

of the system provide additional sparing of the bladder
and rectum. The minicolpostat configuration (8, 10) re-
sults in reduced shielding. Both the ovoid separation and
the shields decrease the dose to the rectum and bladder
(4, 6). When dealing with a narrow or anatomically dis-
torted vaginal vault, the regular colpostats cannot be sep-
arated properly, and minicolpostats may have to be used,
thereby increasing the bladder and rectal dose. This in-
creases the risk for complications, since there is a corre-
lation between complications and total dose to the bladder
and rectum (12-15, 20). Knowledge of the geometric re-
lationship between the organs at risk, namely. the bladder
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Fig. 1. Fletcher-Suit-Delclos colpostats (right) and the alumi-
num-steel colpostats (left) of the present work.

and rectum, and the shiclded applicators is of paramount
importance to determine the dose given (o these organs
(9). The traditional methods of calculating the dose to
these organs with radiopaque contrast and markers is not
sufficiently accurate. Previous investigators have noted (9,
11, 18) that computed tomography (CT) could be used to
obtain a far more accurate characterization of the dose
distribution. Toward the achievement of this goal, Weeks
et al. (27) introduced a CT-compatible, modified plastic
Fletcher applicator system. In that design, the Fletcher
shields were attached to the source carrier and afterloaded
into the applicator. Since the diameter of this shield is on
the order of 12 mm, the colpostat handle diameter was
enlarged (17, 27). The bulk of the applicator handles made
placement in the patient more difficult, obscuring the view
and hence precluding the routine use of this device. With
further modification of this applicator (26), it is found to
be satisfactory in about 50% of patients. The applicator
devised in this work has none of those problems. since it
is basically the same external shape as the Fletcher—Suit—
Delclose (FSD). It is made possible by a new approach.
The standard shields of the Fletcher applicator have been
climinated and shielding is achieved in a different manner,
which will be described. This allows the applicator to be
the same size as the standard Fletcher applicator, which is
well known to work satisfactorily. The principal charac-
teristics of this applicator are (a) {ull shielding effect with
the minicolpostat configuration, (b) minimal interference
with CT imaging, and (c) dose distribution and clinical
use similar to the FSD,
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METHODS AND MATERIALS

In this article, comparison is made to the stainless-steel
FSD applicator (8). When the latter is used without any
caps, it is referred to as a minicolpostat configuration and
is denoted FSD-MC. In this configuration, the colpostat
ovoid has a cross section in the shape of the letter D. The
radius of curvature of the ovoid is § mm. Addition of a
cap with shields produces a cylinder-like ovoid with di-
ameter of 20 mm. Additional caps may be affixed to in-
crease the diameter to 25 or 30 mm. A prototype of the
new applicator has been constructed which has external
dimensions and shape virtually identical to the FSD-MC.
The tandems and ovoid heads are constructed from alu-
minum and are black-anodized. The colpostat handle and
separation mechanism are made of stainless steel. Figure
I shows the FSD-MC and the aluminum model described
in this study. The ovoid internal structure is machined to
produce a passageway (Fig. 2) to hold the source holder
in position. The tandems (not shown) are replicas of the
standard commercial shape, but are made of aluminum.
The Fletcher-Suit (ES) shields are not used in this appli-
cator. A new arrangement of tungsten metal was imple-
mented. The source carrier is a singly machined piece of
tungsten to which a steel inserter rod is attached with a
steel pin. The tungsten carrier (Fig. 2) roughly resembles
a half segment of a cylinder wall. The dimensions of the
left colpostat tungsten source carrier are given in Table |
in cylindrical coordinates for each of the sections W,—W,.
Aluminum ovoid dimensions are also given in Table 1.
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Fig. D (Upper) Exploded view of tungsten source carrier. (Mid-
dle) Side view of colpostat. (Lower) Top view of colpostat. Refer
to Table 1 for dimensions.
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Table 1. Coordinates (mm) for the computer modeling of the tungsten source carrier (W) and aluminum ovoid head (A)*
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N Rmin Rmax Hmin 'c’lm:u Zmin anx
Wi 0 3 135 315 =13.5 —10.0
W 0 1.5 315 495 —=13.5 —10.0
W, AT 3.0 135 3135 —10.0 —-8.0
W, 17 3.0 160 315 —8.0 6.3
Ws L 2.1 135 160 —8.0 6.3
We | 3 135 315 6.3 3
A 3.23 8.0 315 485 =13.5 12.5
Al 7.0 8.0 235 315 =85 12.5
A 3.0 7.0 240 300 =133 —10.5
Ay 33 7.0 240 300 —10.5 —8.5
As' 0 8.0 0 360 12.5 14.5
Agl 0 8.0 0 360 —14.5 =135
Ay 3.23 7.0 125 235 =13:5 125
Xluin Xmm; Ym:n Yluux Zmiu Zn:ux
Agt —3.3 —4.0 —6.9 6.9 —14.5 14.5

* See Fig. 2 for coordinate system and general location.
 Piece is cut off by the plane x = —4.0 mm.

¥ Piece is a flat plate of aluminum which produces the flat part of the D shape.

The aluminum ovoid representation in Al-A8 approxi-
mately models the shape of the aluminum head. Cross-
sectional views of the ovoid head are shown in the lower
part of Fig, 2. The dimensions in Table | are those of the
regular-shaped pieces which are used in the computer
modeling to represent the smooth machine-finished prod-
uct. The tungsten description (W,—W;) is almost exact. A
thin steel clip (not shown in Fig. 2) is silver-soldered to
the tungsten cylinder wall to keep the source centered on
the bottom platform (W1 and W2 in Fig. 2). The radio-
active source is dropped into the space between this clip
and the tungsten wall (W)).

The essence of the design of this applicator is that the
cesium tube source is encapsulated in a semicylindrical
filter of tungsten. Photons transversing the tungsten
obliquely undergo greater attenuation than photons which
are emitted perpendicular to the tungsten semicylinder,
This is simply represented in Fig, 3. In the Fletcher ap-
plicators, the shields resemble sectors of a circular plate
of given thickness. The sectors are placed in the applica-
tors so that they will be between the cylindrical ''Cs
source and portions of the rectum and bladder. The radi-
ation emitted in the direction of the protected tissue im-
pinges on the shield in a direction approximately perpen-
dicular. To increase the level of attenvation the thickness
of the shield must be increased. To increase the area of
tissue being protected, the radius must be increased. Note
that in the Fletcher and FS (1, 4, 21) applicators, S, and
S, (Fig. 3) are one piece and there is no minicolpostat
configuration. The FSD design splits the traditional
Fletcher upper and lower shield pieces into two pieces
each (see §| and S, in Fig. 3a). The reason for this is that
the flat side of the D must cut through the space occupied
by the shield. One part of the upper and lower shields is

built into the applicator (S, in Fig. 3a). The completing
part (S, in Fig. 3a) of those two shields is incorporated
into the plastic cylindrical caps which can be fit over the
D-shaped ovoid head. In the minimal D-shaped ovoid
head, no cap, and hence no shield S1 are present. Thus,
an FSD application which uses the mini-ovoid (no caps)
results in reduced attenuation relative to its FS-like con-
figurations (caps on the FSD ovoids).

Referring to Fig. 3, the difference in relative attenuation
effect between the present work and the FS design is sche-
matically illustrated in two dimensions. Figure 3a illus-
trates the positioning of shielding S, and S, relative to the
radiation source having a number of point sources a—f
emitting radiation. It is clear that there is no differential
attenuation from source elements a—f to tissue points 7
and 75, The strength of the radiation impinging on the
rectum R is attenvated (shown in solid lines) by passage
through attenuating material S, and S,. A similar compar-
ison could be made for the bladder B. In Fig. 3b, the pres-
ent design accomplishes the reduction in dose to structure
R by longitudinally aligning a material M, such that longer
path lengths of material are traversed before radiation im-
pinges upon R. In Fig. 3b, one notes that the material M,
must be traversed in the path from the source Lo tissue
point T4. This produces a reduction in dose at T relative
to point T,. However, this can be partially corrected by
placing another material (M, in Fig. 3b) such that the dose
to Ty and 75 is more closely balanced. Material M, in the
present design is tungsten and is located in the source
carrier. In fact, it is the source carrier. Material M, is alu-
minum and is located in the colpostat. In fact, it is piece
A, in'Table 1 and Fig. 2. This two-dimensional (2D) de-
scription is generalized to 3D using a computer. The radii,
angles, and lengths were varied so that the final dose dis-
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Fig. 3. (a) Schematic of traditional Fletcher ovoid shield concepl.
(b) Schematic of new ovoid shicld concept. In both (a) and (b),
T, is a point in tissue inferior to the ovoids, and 7. is a lissue
point superior, i.e., toward the cervix. R(B) signifies rectum
(bladder).

tribution is similar to the FS. The final result is summa-
rized in Table 1.

Dosimetric design of the new applicator was guided by
the dose calculation and geometric algorithms presented
previously (25). This algorithm was compared to experi-
mental data, and once again, it was found (24, 25) that the
inverse square effect and simple attenuation dominates the
results. The effective attenuation coefficient (25) mea-
sured for aluminum is 0.016 cm ' and the coefficient for
tungsten is 0.123 cm '. The smallness of the aluminum
altenuation coefficient shows that the aluminum has a mild
effect on the dose rates. Measurements with a diode in a
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water phantom were used to confirm (24) the calculated
results for the new applicator. The agreement (=3%) at
close distances (<5 cm) was well within experimental
measurement uncertainties and is adequate for clinical use.
The asymmetric active source distribution of the com-
mercial cesium source (19) was used in all the calcula-
tions, since that is the source which is used for the mea-
surements. The dose rates calculated here for the 3M-FS
agreed within a few percent of those presented by Wil-
liamson (28), despite the use of a different model for the
cesium source. In the following, all dose-rate comparisons
are normalized such that the dose rate from the various
applicator designs is the same value at a distance of 3.0
cm from the radioactive source. If the source strength used
for the 3M-FS ovoid is unity, then the source strength
needed for the aluminum design is 1.014 and the source
strength for the plastic design is 0.923. In other words, the
aluminum ovoid attenuates the source 1.4% more than the
3M-FS, while the plastic applicator attenuates the source
8% less.

Results are presented below for both the aluminum pro-
totype of this applicator and an obvious extension of this
work to a plastic magnetic resonance imaging (MRT) com-
patible version. Schoeppel et al. (16) showed the ability
of MRI to image tumor volume with the plastic applica-
tors. Here, an aluminum prototype was produced instead
of a plastic prototype because (a) it cost less, (b) MRI
scans are not as readily accessible as CT ones, (¢) no
dummy source carriers (17, 26, 27) are needed, and (d) it
allows real-time 3D CT-based dosimetry. The last two rea-
sons arise because the aluminum construction of the tan-
dem and ovoids makes identification ol the applicator
components in each CT image slice relatively easy. As
can be seen in Fig. 4, both the tandem and ovoids are
clearly visualized. This obviously makes the applicator
capable of being very quickly delineated in the CT scan
data using thresholding techniques. The 3D treatment
planning (23) can thus be automated and can be performed

Fig. 4. Computed tomography scan image showing tandem, rec-
tal tube, and left and right ovoid cross sections.
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in a short period of time, allowing the CT-based treatment
planning to be completed before the applicator needs to
be loaded.

RESULTS

We begin by considering the dose differences lor a sin-
gle ovoid. Figure 5 shows a cross section of the left col-
postat’s ovoid along with a Cartesian coordinate system
and reference points for dose-rate comparison. Table 2
contains a comparison of calculated dose rates at these
points. The point x = 0, y = 0, z = 0 is centered in the
ovoid. The y-axis is perpendicular to the plane of the fig-
ure. As is well known, plastic caps are used to increase
ovoid diameter whenever patient anatomy can accom-
modate them. The bare (no cap) configuration of the ovoid
is denoted “‘mini’’. A 20-mm (outer diameter) plastic cy-
lindrical shell can be placed over the D and thereby form
the small configuration. Similarly, a 25-mm (30-mm) plas-
tic cap produces medium (large) configurations. For any
design, the larger the cap is, the lower is the ovoid surface
dose rate. The caps increase the radius (R) and width (W)
ol the ovoid. R and W are defined in Fig. 5 and their values
are given in Table 2. The Aluminum D cap is a completely
separate new configuration. In Table 2, points P, and P,
were used to set the normalization of the strengths of the
sources; thus, the dose at these points are identical for all
configurations. The dose at the vaginal surface is repre-
sented by the caleulations at 8y, S, and Sy, Comparing the
mini configurations, the dose at Sy for the Al-mini or the
plastic mini is less than the 3M-FSD value, even though
the dose rates at S, and S are no different. This is because
the new mini design has a slightly larger width but the
same radius of curvature.

An advantage ol the new design is that regardless of
cap configuration, the rectum and bladder are shielded to
the same extent. This is seen by comparing the results
for the Al-mini to the Al-small and medium for the & and
B points in Table 2. Comparison of the Al mini to the
3M-mini results for the R and B plane points in Table 2
shows that the dose rates are less for the Al-mini except
for points R, B, and Bs. Overall, the dose is less to the
regions above and below the ovoids with the new design
of shield. The results for the plastic mini version of the
new design are also given in Table 2, Almost all differ-
ences of point dose rates are a little larger when com-
paring plastic (instead of aluminum) to the 3M design.
Once the 3M-FSD small caps are put on, the 3M-small
shields the points above and below the ovoid quite a bit
better than the 3M-mini (see points R;, R, and R y). The
3M-small and the Al-small are a closer comparison than
for the minis because the 3M-small is now fully shielded.
Since even for the 3M design, going to the medium con-
figuration is just adding more plastic; the medium results
are basically unchanged (rom the small, except for a re-
duction in ovoid surface dose rates. The new aluminum
D-cap results are noteworthy. The dimensions for the D-
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Fig. 5. Lelt ovoid cross section for defining points for Table 2
dose-rate comparison. The y axis is perpendicular to page. Points
Py, Pa, Sy, s, and S, lie in the plane of the figure (v = 0). Points
B =B, and R,—R, lie at the locations of labels 1 ... 11, but are
2.0 em above and below the plane of the figure, respectively.
The width (W) of the ovoid and the radius of curvature (R) are
delined.

cap in Table 2 result in a smaller ovoid volume than the
small configuration. However, the surface dose rates for
Sy and S, are the same as the 20-mm (small) cap results.
Furthermore, the rectal and bladder planes are fully
shielded, but the width is close to 3 mm less. Hence, this
intermediate minicolpostat cap may obviate some of the
objections to using minicolpostats (namely, vaginal mu-
cosa complications).

Figure 6 shows a comparison between dose rates cal-
culated for a FS and the new aluminum ovoid. Figure 6a
shows the comparison in a coronal plane which is 1.0 cm
below the bottom of the ovoid (z = =25 mm). In the upper
right quadrant (x = 0, y = 0), the results are virtually
identical. One sees that in the shielded regions (x < 0, v
= (), the protection difference afforded by the two designs
is variable. The 0.12 Gy/h line is pulled farther in (toward
the origin) for the aluminum design, whereas the 0.10 Gy/
h line is farther in for the FS. The presence of the 0.10
Gy/h island region for the aluminum distribution indicates
that the dose rate for the aluminum is fairly constant be-
tween the island 0.10 Gy/h isodose line and the outer 0.10
Gy/h line. Farther to the patient’s right (x << —1.5 em),
the longitudinal tungsten design causes all of the alumi-
num dose rates to be less than the FS. The middle part of
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Table 2. Dose rates (1072 Gy/h) to labeled points [x, v, z (in cm)] in Fig. 5

3M Al Plastic Al M Al 3M Al
Applicator mini mini mini D cap small small medium medium

R 0.8 0.8 0.8 1.0 1.0 1.0 1.25 1.25
W 1.2 1.35 1.35 1.73 2.0 2.0 2.5 2.5
P (0,0,3.0) 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6
P, (1.0, 0, 3.0) 10.4 10.4 10.4 10.4 10.4 10.4 10.4 10.4
S (R, 0,0) 138.7 138.4 139.3 94.1 94.3 94.1 63.0 62.9
S, (0,0, R) [38.7 138.4 139.3 94.1 94.3 94.1 63.0 62.9
S: (R-W, 0, 0) 406.6 2193 212.7 192.2 94.9 82.7 63.4 554
Ry (0, =2.0,0) 274 214 20.3 21.4 274 21.4 274 21.4
R; (0, =2.0, —0.5) 19.9 16.6 15.8 16.6 19.9 16.6 19.9 16.6
R (0, =2.0, —1.0) 15.0 17.1 17.0 17.1 15.0 17.1 15.0 17.1
R (0, =2.0; =1:9) 14.5 14.6 14.3 14.6 14.5 14.6 14.5 14.6
Rs (0, =2.0, =2.5) 9.8 2:2 8.8 9.2 9.8 9.2 9.8 9.2
Ry (—0.5, =2.0, 0) 20.5 16.5 15.8 16.5 20.5 16.5 20.5 16.5
Ry (1.0, 2.0, 0) 22.4 17.1 7.0 17.1 15.8 17.1 15.8 17.1
Ry (—1.5, —2.0,0) 17.9 14.5 14.3 14.5 15.0 14.5 15.0 14.5
Ry (—2.0, —2.0, 0) 13.8 11.5 11.2 11.5 13.1 11.5 13.1 11.5
Ry (= 1.0, =2.0, —1.0) 18.0 14.2 14.7 14.2 15.2 14.2 15.2 14.2
Ry (2.0, =2.0, —1.0) 12.1 10,1 10.0 10.1 11.8 10.1 11.8 10.1
By (0, 2.0, 0) 22.4 25.6 24.6 25.6 224 25.6 224 25.6
B, (0, 2.0, —0.5) 20.3 [8.5 17.8 18.5 20.3 18.5 20.3 18.5
Bi (0, 2.0, = 1.0) 17.6 15.2 4.6 15.2 17.6 15.2 17.6 15.2
B (0, 2.0, —1.5) 16.0 13.3 12.7 13.3 16.0 13.3 16.0 13.3
Bs (0, 2.0, —2.5) 10.1 8.6 8.2 8.6 10.1 8.0 10.1 8.6
By (—0.5,2.0,0) 17.0 18.5 17.8 18.5 17.0 18.5 17.0 18.5
By (1.0, 2.0, 0) 19.4 14.5 14.6 14.5 13.2 14.5 13.2 14.5
By (—1.5,2.0,0) 16.0 12.8 12.6 12.8 14.3 12.8 14.3 12.8
By (—2.0, 2.0, 0) 12.6 10.5 10.2 10.5 12.5 10.5 12.5 10.5
By (—1.0, 2.0, —1.0) 16.8 12.4 13.0 12.4 14.5 12.4 14.5 12.4
By (=2.0, 2.0, =1.0) 11%2; 9.3 9.2 9.3 11.2 9.3 11:2 9.3

Fig. 6 (a coronal plane which bisects the ovoid) clearly
shows the complete agreement throughout the upper di-
agonal. portion of this plane. Tt also shows the relative
reduction of dose behind the ovoid. In the lower part of
Fig. 6 (1.0 cm above the ovoid) the difference in dose is
similar to Fig. 6a except that the new design’s shiclding
is not cut off in the region x > 0, y << 0, as is traditionally
done in the FS [namely, 150° upper bladder shield (4) as
opposed to 180° lower-rectum shield]. Thus, the isodose
lines are contracted in that region,

If the aluminum applicator body is replaced by plastic,
the material M, of Fig. 3 produces negligible attenuation.
Plastic M, thus cannot help balance out the radial attenu-
ation of piece M,. Thus, additional differences between
the FSD and the plastic applicator dose distributions arise.
Figure 7 shows a dose-rate comparison for aluminum and
plastic construction of the ovoid, respectively. Figure 7b
shows complete agreement in the upper right diagonal re-
gion. There are small discrepancies in the upper (z = 2.5-
cm) and lower (z = —2.5-cm) planes. Figure 7 does in-
dicate that the differences between the aluminum and
plastic designs of the new applicator are clinically
insignificant.

One is primarily interested in the total dose distribution
arising from the tandem and ovoids together. Figure 8§
shows a direct comparison between the total dose-rate dis-

tributions for the FS and the aluminum model with five
sources loaded into each applicator. The strengths of the
sources in the tandem were 108, 72, 72 uGy m*/h in the
tandem and 108 uGy m?/h in each of the ovoids (corre-
sponding to a 15-10-10 15-15 mg Ra eq. historical stan-
dard loading). A CT coordinate system is used with the z
axis running from foot to head. For simplicity, the ovoids
are centered exactly at y = 0, z = 0, and x = 2.0 cm,
and a perfectly straight tandem exactly bisects the ovoids.
The three cesium sources in the tandem are centered at x
=0,y =0, and z = 5.0, 3.0, and 1.0 cm, respectively.
The upper left of Fig. 8 shows a sagittal dose-distribution
comparison. The aluminum (solid line) result is reduced
inferior to the ovoids (z << 0). The upper right of Fig. 8
shows an axial (z = 0) plane bisecting the two ovoids.
Laterally from the ovoids (|x| = 3.0 em) the differences
are negligible. Between the ovoids (for |y| < 1.0 cm),
the differences are not significant. Anterior and posterior
dose rate differences are seen between the ovoids (|x| <
2.0 ¢cm, |y| = 1.0 em); for the most part, the dose rate is
less with the new design. The lower left of Fig. 8 shows
a coronal plane which is centered in the applicator and
which passes through all the sources in both tandem and
ovoids. Again, the new design has reduced dose behind (z
< ()) the ovoids. The lower right of Fig. 8 gives the results
in a coronal view 1.0 cm below the bottom of the ovoids
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Fig. 6. Left ovoid shielded dose rate (10 Gy/h) coronal plane
comparisons for a 108-pGy m*h cesium source in the 3M-FS
(dashed line) and a 109.6-pGy m?/h cesium source in the alu-
minum ovoid (solid lines).

(y = —2.5 cm). The differences are confined to the region
behind the ovoids.

DISCUSSION

A very significant portion of the total dose required to
treat carcinoma of the cervix definitively with radiation
therapy is administered by brachytherapy. With brachy-
therapy, a high dose of radiation is given to the cervix,
paracervical tissues, and normal structures in the vicinity
of the cervix and parametria, namely, the bladder and rec-
tum. The probability of achieving local control of the tu-
mor in the cervix and paracervical areas and the devel-

opment of complications are dose dependent. The portion
of the dose of radiation given with the intracavitary ther-
apy can be very significant. It is therefore important to
calculate this dose accurately, as the positioning ol the
applicator in relationship to the tumor in the cervix as well
as the surrounding normal structures is variable from pa-
tient to patient. The dose has been calculated historically
from orthogonal films. It has been recognized (9) that a
true 3D analysis of this therapy is a reasonable goal. This
can only be accomplished using CT or MRI imaging mo-
dalities to determine the spatial relationship of the critical
structures and the applicator.

The CT applicators designed previously (26, 27) per-
mitted the use ol CT dosimetry and allowed for the use
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Fig. 7. Left ovoid dose rate (107 Gy/h) coronal plane compar-
isons for a 102-uGy m%h cesium source in a plastic ovoid
(dashed line) and a 109.6-uGy m¥h cesium source in an alu-
minum ovoid (solid line), both of the new design.
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Fig. 8. Total dose-rate (107% Gy/h) distribution comparison between the aluminum design (solid lines) and the 3M-
FSD (with full shielding) design. A standard loading is used: three sources in the tandem and one each in the
ovoids, A patient coordinate system is defined here as the z axis running from patient foot to head, the y axis
running from patient right to left, and the y axis running from patient posterior to anterior,

of Fletcher shields. This led to a design of the applicator
in which the handles of the ovoids were quite wide.
Therefore, they could be used only on patients with
large vaginal vaults (17, 27). The applicator described
here represents a substantial improvement and makes it
possible lor the use ol shields to decrease the dose to
the bladder and rectum even when the mini ovoids are
used. It also allows a new D-shaped capping which re-
duces the dose to the mucosal surface. Furthermore, the
applicator is CT-compatible and it may also be adapted
for MRI dosimetry.

Extensive and careful dosimetry and calculations have
been conducted (Figs. 6-8) that clearly demonstrate that
the dose distribution is similar to that obtained with the
ES applicator. The ditferences in Fig. § originate from
those seen in Fig. 6 for a single ovoid. Superposition of
the dose rates from each of the sources significantly re-
duces the differences because (a) the contribution of the
dose to any given point from the tandem sources is
roughly the same for the two designs, and (b) the position
in the patient where the dose difference is largest for one
ovoid is not the same position for the other ovoid. The
main differences lie inferior (z << 0) to the ovoids. The
differences do not seem to be unfavorable lor the new

design. The dose is reduced slightly in a desirable direc-
tion (namely, away from the uterus and cervix). However,
the differences are well known to be small relative to the
differences caused by clinical positioning uncertainties.
To summarize the attenuation effect established by the
present work, generally the same relative result is
achieved as in the FS for the critical organs and tumor-
bearing structures such as cervix, vaginal fornices, and
uterus. However, a different pattern is created inferior to
the ovoids. Tn short, a new 3D dose distribution is created
which is equivalent in the crucial regions and different in
the other regions (the main difference is that the dose is
less).

This applicator is now being used routinely and no
problems have been encountered. With respect to the do-
simetry characteristics of this applicator relative to the
standard FS applicator and other applicators available, at
this point the reduced dose behind the ovoids is simply
a theoretical consideration, since it would take a long
time to demonstrate any clinical difference. Given the
many other variables that determine the outcome on the
treatment of patients with carcinoma of the cervix with
radiation therapy, it would not be possible to test the
dosimetric differences of this applicator in a meaningtul
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way clinically. On the other hand, the data being col-
lected now with this applicator with respect to the 3D
dosimetry can certainly be compared with the film-based
3D dosimetry data available. This provides an ongoing
method of evaluation that will also allow for refinements
of this applicator and development of more accurate and
reliable methods of dose prescription for carcinoma of

the cervix, which has been a recommendation of the In-
ternational Commission on Radiation Units and Mea-
surements report (9). It will also allow retrospective eval-
uation of complications with 3D dose distributions
contributing to the knowledge of normal tissue tolerances
in radiation therapy. This work will be presented in the
future.
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