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Is scintigraphy necessary to detect migration of '*I seeds
after brachytherapy for early prostate cancer?
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Abstract

Background We investigated whether scintigraphy was
superior to radiography for detecting migrated seeds after
brachytherapy for prostate cancer.

Methods We studied 57 patients with early prostate can-
cer who were treated with free '>I transperineal brachy-
therapy. Scintigraphy was used to detect seed migration on
postoperative day (POD) 1, radiography was used on POD
2, and both tests were used on POD 30.

Results The total number of implanted seeds in this
study was 3,753 in 57 patients. Overall, there were 19 seed
migrations in 12 patients. On POD 1, there were 4 seed
migrations in 4 patients that were detected by scintigraphy.
On POD 2, there were 10 seed migrations in 9 patients that
were detected by radiography. On POD 30, 17 seed migra-
tions were detected in 10 patients by radiography and 18
seeds migrations were detected by scintigraphy. However,
1 seed migration which was located outside of the detecta-
ble range of radiography was detected only by scintigraphy.
Conclusions Both scintigraphy and radiography have
similar abilities to detect migrated seeds 1 month after '*°I
brachytherapy for prostate cancer. While both tests have
advantages and disadvantages, it is reasonable to only use
radiography if scintigraphy is not available.
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Introduction

15T brachytherapy has become a standard treatment for
early prostate cancer in Japan over the past 10 years.
Although urinary obstructive symptoms often develop
after brachytherapy, severe symptoms and other complica-
tions are rare, making brachytherapy the preferred mini-
mally invasive treatment for prostate cancer. However, seed
migration outside of the prostate gland after brachytherapy
is not uncommon [1-3]. Although seed migration rarely
causes clinical problems or reduces radiotherapy efficacy, it
is still important to confirm the presence or absence of seed
migration.

We have used chest and abdominal radiography to detect
seed migration in patients at our institution since 2007,
when we began using brachytherapy. However, Kono et al.
previously reported that scintigraphy was superior to radi-
ography for detecting migration and recommended scintig-
raphy as the standard method [4]. In the present study, we
evaluated scintigraphy versus radiography as methods to
detect seed migration after brachytherapy.

Materials and methods

This retrospective study was conducted according to the
ethical guidelines for clinical studies of the Ministry of
Health, Labor and Welfare of Japan, and was approved by
the ethics committee of our institution (approval number
1621). Fifty-seven patients who were treated in consecu-
tive order at Tokyo Medical University from March 2012 to
April 2013 were included in the present study. All patients
were treated with transperineal interstitial brachytherapy
with !°I seeds. Patient characteristics are shown in Table 1.
Initially, only patients with low-risk prostate cancer were
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included, but eventually patients with intermediate- or
high-risk prostate cancer were included in the study.
Twenty-four patients (42 %) received neoadjuvant hormo-
nal therapy with luteinizing hormone-releasing hormone
agonists and/or anti-androgens.

One month prior to seed implantation, treatment plan-
ning was performed using transrectal ultrasound transverse
images at 5-mm intervals. The minimum target dose for
treatment was set at 144 Gy using a peripheral approach.
All patients were placed in the high lithotomy position
under spinal anesthesia. Seeds were inserted using a Mick
applicator (Mick Radio-Nuclear Instruments, Bronx, NY,
USA) under the guidance of transrectal ultrasonography.
Two kinds of I7!%3 seeds were used during the study period
(BARD STMI1251:Bard Inc. and Oncoseed 6711:GE
Healthcare).

The following protocol was utilized to assess seed
migration. Scintigraphy was performed on postoperative
day (POD) 1, radiography (chest and abdomen) was per-
formed on POD 2, and radiography and scintigraphy were
both performed on POD 30. For scintigraphy, a gamma
camera was used to detect seed migration. A very small
amount of *"TC pertechnetate (approximately 1.53 MBq/2
drops) was placed on the parietal area and bilateral iliac
lining as a marker. The scintigraphy results were prospec-
tively interpreted by a radiologist with no knowledge of the
radiography results. The radiography results were inter-
preted by a urologist with no knowledge of the scintigraphy
results.

Thirty days after implantation, patients underwent pel-
vic computed tomography for a post-procedure dosimetry
study. A 14-Fr Foley catheter was inserted to identify the
urethra. All pre- and post-implant plans were calculated
using the Variseed 7.1 planning system (Varian Medi-
cal Systems, Palo Alto, CA, USA). All patients provided
informed consent to participate in the examination of seed
migration using both radiography and scintigraphy.

Statistical analysis

A paired r-test and chi-squared test were used where appro-
priate. Statistical analyses were performed using STATA IC
13 (Stata Corp, College Station, TX, USA). Statistical sig-
nificance was defined as a two-sided p value <0.05.

Results

Clinical and pathological features are shown in Table 1.
Patient ages ranged from 52—77 years (average 68.1 years).
Patient prostate specific antigen (PSA) levels ranged from
4.25—16.8 ng/mL (average 7.89 ng/mL). The total number
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of implanted seeds ranged from 35—95 (average of 65).
The mean amount of total radioactivity at the time of the
post-plan was 844 + 139 MBq (range 454—1195 MBq).

The total number of implanted seeds in this study was
3,753 in 57 patients. Overall, there were 19 seed migrations
in 12 patients from POD 1 to POD 30. On POD 1, there
were 4 four seed migrations in 4 four patients that were
detected by a scintigraphy (Table 2). On POD 2, there were
10 seed migrations in 9 patients that were detected by radi-
ography. On POD 30, there were 17 seeds migrations in 10
patients that were detected by both scintigraphy and radi-
ography. One seed migration in one patient was detected
only by scintigraphy and not by radiography; in this case,
the seed was located outside the detectable radiography
range. In one case, one seed migration to the pelvis was
detected with both scintigraphy and radiography on POD 1
and 2, but was unable to be detected by either scintigraphy
or radiography on POD 30.

Of the 19 migrated seeds, six seeds migrated to the
chest, and 13 seeds migrated to the abdomen and/or pelvis
(Table 2 and Fig. 1). None of the 12 patients had symptoms

Table 1 Patient characteristics

Characteristics Patients (n)

68.1 (52-77)
7.89 (4.25-16.8)

Age, mean (range)
Initial PSA (ng/mL), mean (range)
Biopsy Gleason score, n (%)

343 23 (40.4 %)
3+4 29 (50.9 %)
443 3(5.3 %)
444 2 (3.5 %)

Clinical T stage, n (%)
Tlc 46 (80.7 %)
T2a 9 (15.8 %)
T2b 2 (3.5 %)

Risk group by D’ Amico et al., n (%)

Low 22 (38.6 %)

Intermediate 33 (57.9 %)

High 2 (3.5 %)

Prostate volume at diagnosis, cc, mean 30.6 (12.3-54)
(range)

Prostate volume at operation, cc, mean 27.6 (12.3-42.3)
(range)

No. of patients with neoadjuvant hormonal 24 (42.1 %)
therapy

Total no. of implanted seeds 3758

65.9 £ 10.7 (35-95)
844 £ 139 (454-1195)
173.6 (145-198)

No. of seeds/patient, mean + SD (range)
Total activity (MBq)
Post D90 (Gy)

PSA prostate specific antigen, SD standard deviation
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Table 2 Numl;er and location Case POD 1 scintigraphy POD 2 radiography POD 30 scintigraphy POD 30 radiography
of seed migrations detected by
radiography and scintigraphy 1 1-P 1-P _ _

2 1-P 1-P 1-P 1-P

3 1-P 1-P 1-P 1-P

4 1-L 1-L 1-L 1-L

5 - 2-L 4(2-L,2-P) 4(2-L,2-P)

6 - 1-P 1-L 1-L

7 — 1-P 4 (1-L, 1-A, 2-P) 4 (1-L, 1-A, 2-P)

8 - 1-P 2-p 2-p

9 - 1-L 1-L 1-L

10 - — 1-P 1-P

11 — — 1-pP 1-P

12 — — 1-P —

Total 4 10 18 17

POD postoperative day, P pelvis, L lung, A abdomen

related to the migrated seeds. Of the 13 seeds in the abdo-
men and/or pelvis, six were found on POD 1 or POD 2, and
seven were found on POD 30. Of the six seeds in the lung,
four were found on POD 1 or POD 2, and two were found
on POD 30. Only one seed moved from the pelvis on POD
2 to the lung on POD 30. Figure 2 shows four migrated
seeds that were identified by both radiography and scintig-
raphy on POD 30. While the two seed types were of dif-
ferent size, the frequency of migration was not statistically
different between these types (16.7 % for Oncoseed™ and
25.9 % for Brachysource).

A post-procedure dosimetry study showed that the V100
(volume receiving >100 % of prescribed dose) and D90
(dose received by 90 % of prostate volume) values for the
45 patients with no seed migration were 96.3 % (93.3—
99.9) and 173.3 Gy (145-198.2), respectively, compared
to 97.3 % (95.1-99.6) and 175.8 Gy (157.7-195.4f) for 12
patients with seed migration, respectively (P = 0.49 and
P =0.26, respectively).

Discussion

While seed migration is commonly observed after brachy-
therapy, it rarely causes a clinical problem [2, 3]. However,
such rare cases cannot be neglected since there are previ-
ous reports of seed migration to the coronary artery, kidney,
vertebral venous plexus, and other sites [5—8]. Nguyen et al.
reported three cases of seed migration to the right kidney
that were found at 4 months, 7 months, and 3 years after
brachytherapy [8]; these patients presented gross hematu-
ria and/or flank pain that mimicked the symptoms of renal
lithiasis. Zhu et al. first reported seed migration to the right

Fig. 1 The black dots indicate a migrated seed after brachytherapy
for early prostate cancer
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Fig. 2 Imaging studies (a chest
X-ray, b abdominal X-ray, ¢
scintigraphy) at 30 days after
brachytherapy. a Chest X-ray
showing migrated seeds in

both lungs, b KUB (kidney
ureter bladder) X-ray showing a
migrated seed in the pelvis and
below the prostate and ¢ scin-
tigraphy showing 2 migrated
seeds in the lung (1 in the pelvis
and 1 below the prostate). All

4 migrated seeds detected by
scintigraphy corresponded to
radiography results (a and b)

Anterior

Posterior

coronary artery that caused an acute myocardial infarction
[6]. Although clinical problems due to seed migration after
brachytherapy are extremely rare, their occurrence neces-
sitates the effective identification of seed migration.
Previously, Kono et al. studied 16 patients who were
treated with '2I [4]. They detected 20 migrated seeds by
scintigraphy and 7 by radiography, and seed migration
was detected in 11 of 16 patients (69 %) by scintigra-
phy compared to 4 of 16 patients (35 %) by radiography
(P = 0.016). Therefore, they concluded that scintigraphy
was superior to radiography for identifying seed migration.
However, they examined both radiography and scintigraphy
1 day after brachytherapy in 14 out of 16 patients. They did
not show the timing of the tests, but it is likely that radi-
ography was performed earlier than scintigraphy. In the
current study, scintigraphy performed on POD 1 detected
four seeds compared to 10 seeds detected by radiogra-
phy on POD 2, and both tests on POD 30 showed similar
results. Kono et al. examined two patients at 8 and 29 days
after brachytherapy, and these patients showed the same
results by both scintigraphy and radiography. Additionally,
the location of the seeds that were missed by radiography
were in the bladder (three patients), pelvis (two patients),
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and lung (one patient). However, based on the results in the
present study, it may not be difficult to detect migration to
those locations by radiography.

Sugawara et al. reported three cases with seed migra-
tion to the pelvic area, lung, or liver [9]. All 3 cases were
detected by radiography; however, one case with migra-
tion in the pelvic area was missed by scintigraphy. The
seed missed by scintigraphy was located in the right ischial
bone and the authors suggested that this may be due to
the fact that '>I photons emitted from the migrated seed
might have been largely attenuated by bone tissue [10, 11].
While there were only three cases with seed migration in
their series, the authors suggested limiting the use of scin-
tigraphy as a standard method to detect seed migration. We
agree that radiography provides important basic informa-
tion for detecting seed migration.

In recent years, linked or stranded seeds have been uti-
lized for prostate seed implants in some countries [3, 12, 13].
Seeds embedded in absorbable suture material are suggested
to increase seed stabilization and greatly inhibit seed migra-
tion. Tapen et al. analyzed 289 patients treated with '>T and
103p( seed implants and showed that the seed embolization
rate was 11 % (16/146) versus 0.7 % (1/143) for free seed
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implants versus linked seed implants (P = 0.0002), respec-
tively [3]. Reed et al. performed a prospective randomized
comparison of stranded versus loose %I seeds and showed a
strong trend toward a decrease in post-implant seed loss with
stranded seeds [13]. Battermann compared the use of loose
and stranded seeds in 249 patients and reported a decrease in
seed migration from 10 to 1-3 % of patients using stranded
seeds [14]. These studies suggest that linked seeds should be
used to avoid seed migration.

Theoretically, the outcomes of post-implant dosimetric treat-
ment should be improved by using stranded seeds; however,
mixed results have been reported [15, 16]. Lee et al. and Fuller
et al. showed clear improvement in the dosimetric parameters
for stranded seeds compared to loose seeds [15]. Gao et al.
reported that greater numbers of displaced seeds resulted in
lower values of D90 and V150 (volume receiving >150 % of
the prescribed dose) [16]. Fagundes et al. reported an improve-
ment in V100 from 88.4 to 92.5 % (P < 0.005) using stranded
seeds [17]. On the other hand, Heysek et al. reported that
stranded seeds yielded essentially the same dosimetry as loose
seeds, with an average D90 of 101.9 % (stranded seeds) versus
99.3 % (loose seeds) [18]. Ngyuen reported that seed migration
does not cause significant changes in radiation planning for the
gland because of the relatively small occurrence of this event
[5]. Sugawara et al. found no statistically significant differ-
ence in the post-implant prostate D90 value between patients
with and without seed migration treated with loose seeds
(P =0.992) [1]. They suggested that in most patients with seed
migration, only one or two seeds will have migrated, which
will have a minimal effect on the dosimetry of the prostate. The
mixed results of these studies indicate that continued efforts to
avoid seed migration are needed.

There are several possible advantages and disadvantages
for both radiography and scintigraphy. The disadvantages
of radiography include limited shooting range, difficulty in
identifying seed migration in the lung base and bone, and
exposure to radiation. The advantage of radiography is that
it is typically available anywhere that brachytherapy is per-
formed. The disadvantages of scintigraphy include limited
access at some institutions, limited availability of radiolo-
gists capable of interpreting scintigraphy images, and the
inability of scintigraphy to detect seed migration several
months after brachytherapy. The advantages of scintigra-
phy include absence of radiation exposure and whole-body
evaluation, including the lower limb and neck/head area.

Ideally, both radiography and scintigraphy can be used
to confirm seed migrations 1 month after brachytherapy,
followed periodically by radiography. However, it is rea-
sonable to use only radiography if scintigraphy is not avail-
able. Importantly, this study of seed migration and previ-
ous studies, including a study by Kono et al. [4], suggest
that the assessment of seed migration within a few days of
brachytherapy seems inappropriate.
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