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Introduction: In the management of early stage prostate cancer, radioactive seed
implantation has become a popular means chosen by both the radiation oncologist and
the patient because of its promising clinical results and convenience to the patient [1-4].
Currently, either I-125 or Pd-103 seeds are used for prostate implantation though
historically Rn-222, Ir-192, and Au-198 were also used [5-7]. Because of its shorter
half-life and higher initial dose rate, Pd-103 seed has been increasingly used in

prostate implantation since its introduction in 1980’s. One of the widely used Pd-103
seeds in current clinical practice 1s the MED3633 seed produced by North American

Scientific, Inc. { NAST ) [8].

For a typical prostate seed implant, an initial prostate volume analysis is performed
using Transrectal Ultrasound techniques though CT or MRI may also be used. For

large glands, CT scan or ultrasound study may also be employed to evaluate possible
pubic arch interference with placement of implant needles. An additional margin is then
drawn around the prostate and is used for pre-implant planning. The total activity and the
number of seeds as well as the number and location of the needles to be used are
therefore determined. Agreed upon by both the radiation oncologist and the physicist, the
pre-implant plan is finally executed in the operating room by an implant team usually
consisting of an urologist, a radiation oncologist, and physics personnel. However, a

growing number of radiation oncologists prefer real-time planning and implantation in




the operating room. Because the volume study, planning, and implant are performed at
the same time, the size of the prostate gland and the patient position set-up are consistent
during the procedure. One can therefore reasonably expect a better and more accurate
implant for this approach. A nomogram [9-10] based on the implant volume and/or the
average dimension of the prostate gland is helpful in determining the total activity and the
number of seeds to be used before the procedure. In this paper, nomograms for the NASI

model MED3633 Pd-103 seed based on our clinical practice are presented.

Material and Method: The radioactive seed used in this study is the model MED3633
Pd-103 seed manufactured by North American Scientific, Inc. (NASI). It has an half-

life of 16.97 days, a dose rate constant of 0.680 cGy/hr+U, and an average anisotropy
constant of 0.95 ( TG-43 ). The seed is calibrated against the corrected 1999 NIST
calibration standard. Air Kerma Strength ( U ) is used to specify the activity of the seed.
The Minimum Peripheral Doses prescribed are 125Gy for seed “monotherapy” and 98Gy

for seed boost, respectively.

Since prostate malignancies arise most commonly in the peripheral and posterior zones of
gland, we adopted a modified peripheral loading technique. The activity is distributed
heavily towards the peripheral and posterior zones, usually about 75% of the total
activity. On a B&K template, the needles are usually kept at 1cm apart for the same
column or row of needles. The distance between adjacent columns or rows of needles
varies, 0.5cm or 1.0cm in most cases. For the “principle” peripheral and posterior needles
( those needles passing through most cuts of the implant volume ), seeds are usually

loaded continuously without spacing except those needles close to either urethra or the




rectum. To reduce the dose to the prostatic urethra, the seeds close to the urethra are
removed. Care has also been taken to minimize the dose to be delivered to the anterior
wall of the rectum adjacent to the prostate. This can usually be achieved by placing seeds
at least 2mm anterior to the posterior prostate border provided that the overall coverage
of the implant volume is not sacrificed. The rectal dose can be further reduced by loading
the seeds within the posterior needles near the midline with 0.5¢cm spacing. In the
majority of the cases, a “ U-shaped ” 150% isodose line effectively covers the peripheral
and the posterior zones of the gland, ideally 50 ~60% of the implant volume. For the pre-
implant dosimetry calculation, we use a medium range of seed activity and number of
seeds so that we do not have to heavily rely on the accuracy of placement of each
individual seed. For typical implant volumes of 30 to 40 cc, the total activity and the
number of seeds used are around 150 U and 90 for “monotherapy”. We do not usually
use the Pd-103 seed for implant volumes larger than 55 cc or the average dimension
larger than 4.8 cm because of the excessive 150% dose coverage of the gland. In this
study, total of thirty-seven cases of prostate implants using the MED3633 Pd-103 seeds

were analyzed in generating the nomograms for both seed “monotherapy” and seed boost.

Results: Figure 1 shows the results of eighteen cases of Pd-103 seed “monotherapy”. The
Implant Volume equals the prostate volume as seen on ultrasound images plus margins.
Typically, the Implant Volume is 20% to 30% larger than the prostate volume from the
ultrasound study. Following the ellipsoidal model proposed by L. Anderson [9], the
relation between the Total Activity and the Average Dimension of the Implant Volume is
also presented in Figure 2, The nomogfam for Pd-103 seed “monotherapy” ( 125 Gy ) is

generated by a non-linear regression curve fit and is summarized in Table 1.




Table 1. Nomogram for monotherapy (125 Gy) using NASI MED3633 Pd-103 seed

Implant Average Total # of seeds # of seeds # of seeds
Volume Dimeosion Activity
{cc) (cm) (U) {1.6U/seed ) | ( 1.8U/seed ) | (2.0U/seed)
15 3.1 98 62 55 49
20 34 110 69 62 55
22 3.5 115 72 64 58
24 3.6 121 76 68 61
26 3.7 127 80 71 64
28 38 133 84 74 67
30 39 140 38 78 70
32 4.0 146 92 82 73
34 4.1 153 96 85 77
36 4.2 161 101 90 81
38 4.2 168 105 94 84
40 4.3 176 110 98 88
42 4.4 184 115 103 092
44 4.5 193 121 108 97
46 4.5 202 127 113 101
48 4.6 211 132 118 106
50 4.7 220 138 123 110
55 4.8 245 154 137 123

Similarly, Figure 3 and Figure 4 show the results of nineteen cases of Pd-103 seed boost.

The nomogram for Pd-103 seed boost (98 Gy) is summarized in Table 2.

Table 2. Nomogram for boost (98 Gy) using NASI MED3633 Pd-103 seed

Implant Average Total # of seeds # of seeds # of seeds
Volume Dimension | Activity
{ce) {cm) (U) (1.4U/seed) | ( 1.6U/seed) | ( 1.8U/seed)
15 3.1 52 38 33 29
20 34 74 53 47 42
22 3.5 83 60 52 47
24 3.6 91 65 57 51
26 37 98 70 62 55
28 38 106 76 67 59
30 39 113 g1 71 63
32 4.0 120 86 75 67
34 4.1 126 90 79 70
36 4.2 133 95 84 74
a8 4.2 139 100 37 78
40 4.3 144 103 90 80
42 4.4 150 108 54 84
44 4.5 155 111 97 87
46 4.5 160 115 100 89
48 4.6 164 118 103 92
50 4.7 169 121 106 94
55 4.8 178 128 112 99




Discussion: To verify the accuracy of the nomograms, we preplanned six cases for Pd-
103 seed *“monotherapy” and five cases for seed implant boost using a commercial
computer planning system. The differences between the planned results and that
predicted by the nomograms are plotted in Figure 5 and 6 respectively. The total
activities are generally consistent for both seed implant “monotherapy” and boost within
15%. However, the total activities predicted by the nomograms may be significantly
different from that used by others because of varieties of pre-implant planning
philosophies and implant loading techniques [11]. Since we use a modified peripheral
loading technique for our prostate implants, one should exercise caution in using the

nomograms when a different technique is to be applied.

Conclusion: Nomograms were developed for both prostate implant “monotherapy” ( 125
Gy ) and boost ( 98 Gy ) using the NASI MED3633 Pd-103 seed based on our clinic data.

One 1s encouraged to order five to ten extra seeds when either of the nomograms is used.
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