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Abstract

Purpose: To determine and summarise the literature on prostatic seed stability by investigating seed marker
migration and loss in prostate cancer patients. In addition, documenting the implications of significant seed
migration and loss in clinical practise.

Methods: PubMed and Sciencedirect databases were used to locate papers on the stability of gold seed markers in
prostate patients treated with external beam radiation therapy. The search found 3,238 articles and ten articles
were selected and reviewed based on inclusion and exclusion criteria for the scope of this literature review.

Results: Minimal migration and loss of seeds was observed in the literature reviewed, with the majority of
authors reporting <2-0 mm migration within the prostate; however, there were individual cases reported
outside of the 2-0 mm threshold. It was also found that significant migration had an impact on image
matching, as well as, planning treatment volume margins.

Conclusion: Seed stability within the prostate has been proven, with most authors reporting minimal
migration within a 2-0 mm threshold and minimal loss of seeds. Although individual cases can have
significant migration and loss, if marker migration exceeds the 2-0 mm threshold, a protocol is required to
deal with both non-significant and significant migration.
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INTRODUCTION without markers. Markers in prostate cancer patients
are renowned as the ‘gold standard’ recommendation
for the treatment and verification.' Given the
prevalent use of fiducial markers in prostate patients

and the considerable amount of evidence in lit-

The prostate is a movable target and there has been
extensive research into accurate localisation with and
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erature about the use of markers, little has been
documented about the stability of prostatic seed.”
The aim of this literature review is to summarise
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the evidence on seed migration and loss in prostate
cases and provide an overview of clinical implica-
tions of seed migration and loss.

BACKGROUND

Prostate cancer treatment with three-dimensional
conformal radiation therapy (3DCRT), intensity
modulated radiation therapy (IMRT) and volu-
metric modulated arc therapy has been shown to
assist in symptom control, provide improved
survival, quality of life and tumour control pro-
gression.” In order to achieve these dosimetric
benefits, accurate localisation of the treatment
target is required.’

Historically, bony anatomy was used to posi-
tion patients and verify prostate location.” Later
studies found that bony anatomy was not optimal
as a surrogate for the prostate position owing to
its independent movement in relation to bones.'
Given the prostate is located between the rectal
wall and bladder, changes in either of these
two volumes may lead to prostate displacement
and/or set-up error.

Over time fiducial markers have progressively
been considered ‘the bench mark standard’ in the
localisation accuracy of the prostate.® Currently,
most literature reports the insertion of seeds by a
urologist under transrectal ultrasound guided
implantation. Van den Heuvel et al.” proved that
implanting a larger number of seeds did not
prov1de increased accuracy in prostate localisa-
tion.” In current practice described by Rimmer
et al.,” three seeds are inserted using the follow-
ing seed positions/locations: one seed at the base
of the prostate, one at the apex 2 and one in the left
lateral position of the prostate.” The use of seeds
in prostate cases is based on the assumption that
the markers are fixed within the prostate,
however, this is not always the case.' In prostate
cancer patients, possible reasons for seed migra-
tion include the time taken for seeds to lock into
a stable position within the prostate, the prostate
swelling post insertion or because of bathing in a
pool of blood post implantation.” The current
protocol to avoid seed migration and seed
position variation involves waiting for 3 or more
days after insertion before the patient undergoes
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computed tomography (CT) simulation to allow
any swelling to subside. Multiple studies have
looked at fiducial markers and their role in acting
as a prostate surrogate. There has been little
investigation into marker migration or loss."*”
Therefore, through exploring seed migration and
loss, it will be assessed how this affects current
practice protocols and decision making.

METHODS

Given the large quantity of research on fiducial
markers for prostate cases, literature was only
included if it investigated fiducial markers in pros-
tate cases for external beam. Information regarding
seed migration and loss was accumulated by
reviewing both randomised studies as well as
review articles. Literature was included by review-
ing the title and abstracts of each article. If the titles
of abstracts contained the words seed migration
and/or loss, the paper was used in this systematic
review. The flow chart summarises how the search
was conducted with the inclusion and exclusion
criteria applied to obtain appropriate literature.

RESULTS

Seed migration

Table 1 presents a summary of the seed migration
and loss data for prostate patients for the literature
reviewed. The data presented in this table indi-
cates that most literature with the exception of
Delouya et al.” supports the use of gold seeds as a
surrogate prostate motion owing to the minimal
migration of seeds. Most authors reported that a
migration of <2-0 mm was an acceptable thresh-
old and was not clinically 51gn1ﬁcant 12401
Contrary to this, Delouya et al.” conducted a
small study (n = 31) that claimed gold seeds in
16—23% of cases had migration >2-0 mm making
the seeds an inadequate surrogate for prostate
motion. Across the literature reviewed there
was a small per cent of patients where significant
migration occurred, but this was not the
norm. The max1mum migration recorded was
of 10-2 mm."

Seed loss

From the literature reviewed, minimal marker
loss was reported, with a maximum loss of one
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Table 1. Studies on seed migration and loss for prostate cases

Source Number of patients/films Loss of seeds Migration (mm)
Delouya® 31 patients — >2-0 occurred in 5-7 out of 31 patients
Poggi? 9 patients — <20

Shirato™? 6 patients 1 seed in 1 patient <20

Wu' 272 films — <10
Schallenkamp 20 patients — <10

Pouliot? 55 patients — <15

Rimmer® 6 patients 1 seed from 1 patient

McNair* 30 patients 3 patients lost 1 marker <2-0

Kupelian? 56 patients 1 seed in 1 patient Most < 2-0
Morman*® 881 patients 1 patient lost 1 marker Most < 2-0

L 2,10,11,13,14
marker per patient. Marker loss was

reported to occur either between the implanta-
tion time and simulation appointment or shortly
after treatment had commenced. This was
dependent on the duration of time between the
seed implantation and simulation or treatment.

DISCUSSION

Seed migration

A majority of literature**?™'* validates that

there was mlmmal significant seed migration
with Delouya et al.” the only exception. Different
authors have reported marker migration by look-
ing at inter-marker dlstances between the three
markers. Momen et al.'’ reported a migration of
<2-0mm in patients; however, patients with
migration >2-0mm were excluded if random
migrations between two markers exceeded the
2-0 mm threshold."” Kupelian et al.? investigated
prostate patients inter-marker distances during the
course of treatment, reporting a mean of 1-4 mm
with a standard deviation of 0-3 mm. In 47 out of
the 56 patients, it was found that markers stayed in
a consistent position throughout treatment. There
were, however, instances when seeds showed
>2-0 mm migration.” Kupelian et al.” reported the
greatest inter-marker distance as 3-0-5-0 mm. The
3-0mm migration occurred in 23 patients,
4-0mm in ten patients and 5-0mm in three
patients. Only one of the three markers had a
relative change in position that was consistent
through the patient’s entire treatment.” From a
clinical perspective, two conclusions were drawn
from Kupelian et al’s.” study: first, out of 168
markers examined there was no significant
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increase or decrease in inter-marker distances
over a patient’s treatment course. Two cases
had significant migration with no consistency.
Although stability was indicated by the mean and
standard deviation in this study, Kupelian et al.?
stated that many patients have significant inter-
marker migratiorzl, at least once during their
treatment course.

Litzenberg et al.'® examined ten patients with
three markers and also found patients had
migration of <2-0 mm with a mean variance of
0-7-1-7 mm. A total of 79% of these cases varied
<1-0 mm, with 96% varying <1-5 mm, indicat-
ing no trend with the inter-marker migration
over a treatment course.' Dehnad et al."
examined a small cohort of nine patients with
19 markers. The data had a mean of 1-0 mm with
a standard deviation of 0-5 mm, also conforming
to the 2:0mm threshold. However, Dehnad
et al."® had one case with a maximum migration
of 10-2mm that was the largest migration
documented in literature to date.'” An earlier
study by Poggi et al.'' examined patients who
had five prostatic seeds for their radiotherapy
treatment. The average migration of all seeds was
1-2mm with a standard deviation of 0-2 mm.
The greatest average movement of any single
seed in a patient relative to the simulation posi-
tion was 1-9mm over the entire 7 weeks of
treatment. The smallest average movement
relative to initial 51rnulat10n position in a smgle
patient was 0-6 mm.'"' Van den Huren et al.’”
investigated inter-marker distances of six seeds
implanted in each patient. A large migration
occurred in two out of the ten patients. Large
migration was considered a migration of


https://doi.org/10.1017/S1460396914000399

The stability of seeds in external beam prostate radiotherapy

>10- Omm and referred to by Van den Huren
et al.” as a ‘catastrophic migration’. A total of
20% of cases in this study had a ‘catastrophic
migration’, but this only occurred in the period
between simulation and the patient’s first treat-
ment. No significant ‘catastrophic’ mlgratlons
were reported during the course of treatment.”
Similarly, Schallenkamp et al." obtained data
from 79 inter-marker distances and found the
average inter-marker movement was <1-0 mm
with a mean of 0-8 mm and standard deviation of
0-1 mm."

Pouliot et al.' reported inter-marker distances
of ten alignments per patient with a mean of
1-:3 mm with a standard deviation of 0-44 mm.
Inter-marker distances were examined by look-
ing at orthogonal image pairs in all patients.
Results of ten image pairs were taken over a
6 week course of radiotherapy.'> The standard
deviation of measured distances over the course
of treatment was computed for each patient
by using the average of the first 3 days as a
difference.'” The average mean was 1-3 mm with
a standard deviation variance of 0-4-3-0 mm.
Three patients indicated a standard deviation
>2-0 mm for at least one of the measurements
over the treatments period.'” Distances were
shown to reduce over the 52 days of radlotherapz
treatment.'? Further to this, Shirato et al.'
agreed that seed migration occurs over time,
but stated migration was within the 2-0 mm
threshold. Shirato et al.'? also acknowledged that
patients that had migrations greater than the
2-0 mm threshold that this needs to be accounted
for in the treatment processes.

Although most migrations were within the
2:0mm threshold, there were individual cases
reported 1n hterature with greater migration.
Poggi et al.'' reported a maximum m15grat10n of
6-6 mm in one case, and Dehand et al."” recorded
one patlent with a maxrmum migration of
10-2mm.”"!" McNair et al.* looked at the inter-
marker distances for different fractions during
each patient’s treatment. The inter-marker dis-
tances were looked at the first, second, half way
and towards the end of the patients treatment.
A total of 10% of the patients had migrations of
>2-0 mm between the three markers with no
increase or decrease in inter-marker distance
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between markers with time.* Delouya et al.” was
the only author that documented patients also
had migration under the 2.0 mm, however,
16—23%cases had migrations >2-0 mm and this
study considered this to be significant number of
patients. Delouya et al.” stated, relying on fiducial
markers as surrogate for the prostate was not the
‘perfect solution’. It was highlighted that migra-
tion >2-0mm may have clinical significance
owing to potential challenges with image
matching accuracy as a result of significant seed
migration.” From this data it is important to
recognise that in the case of significant migration,
an individual protocol needs to be designed in
order to accurately verify prostate location in
order to deliver accurate treatment.

Seed loss

There has been minimal data on the loss of seeds
in prostate patients undergoing external beam
radiation therapy reported. Moman et al.'’
claimed that seed loss occurred only in a small
per cent of their 881 patients.'” Kupelian et al.”

reported the loss of one seed in an individual case
at the beginning of treatment. Most seed loss
occurred before 28 days post implantation and
rare losses occurring after 6 days. It was assumed
that the seed lost in the individual case in
Kupelian et al.” data was eliminated through
the genitourinary tract. The most plausible
explanation for this event is that the seed failed
to embed at the tlme of 1n1t1al placement
becoming dislodged.> McNair et al.* investigated
30 patients with three seeds each. From the time
of CT to the time that the patients underwent
treatment, 3 out of the 30 patents only had two
seeds (losing one seed)®. The time variation from
the time of seed insertion until the time of the
CT scan Varled between 3 and 145 days Finally,
Rimmer et al.®> and Shirato et al.'® also found a
loss of one seed in one patient, however, a small
sample size of six patients in each study limits the
use of their findings to the wider external beam
prostate population.®'? Given the evidence the
published literature documenting the potential
loss of seeds in prostate patients, clinical centres
need to have protocols that can be used to decide
what verification method will be used in the case
of loss. There is a question of whether bony
anatomy should be used taking into account
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intra- and inter-fraction motion and whether it is
a clinically acceptable method of verification for
prostate cancer patients.”

IMPLICATIONS OF MIGRATION

When intraprostatic fiducial markers are inserted
it is important to know whether these markers
migrate or change position from the initial
simulation until the completion of the radio-
therapy course. In the case of inter-marker
migration of individual seeds, the use of seeds as
a surrogate was questionable and has clinical
implications in regards to imaging accuracy and
matching." In clinical practice, accurate seed
matching will not only assist in accurate couch
movements but also in accurate dose escalation. '
Studies by Delouya et al.” and Chung et al."’
indicated that if a significant migration or loss of
markers occurred within an individual patient,
radiation therapists have greater difficulty in
matching seeds on images, introducing a greater
degree of observer bias when matching.”'” After
surveying radiation therapists on their ability to
match, Chung et al.'” reported the varying dif-
ficulty for radiation therapist to image match
with 8% very simple, 80% simple, 9% difticult
and 3% very difficult. Radiation therapists
reporting difficult and very difficult found mat-
ches challenging as a result of individual marker
migration.'” A recent study by Deegan et al.'®
highlighted there was a small variation in
matching agreement between radiation therapist
in both online and offline imaging for prostate
cases. Furthermore, Deegan et al.'® agreed with
Chung et al."” in regards to matching as long as
fiducial migration was <2-0mm. Thus, gold
seeds were considered to accurately mimic the
prostate when matching with three seeds.'’

Furthermore in instances of significant migra-
tion or loss, there is also limited literature on the
protocols that should be followed when making
decisions about image matching during sig-
nificant migration and loss. As it stands, only
Thompson et al."” and Duffton et al.* have
mentioned in their literature what actions should
be taken if this occurs. Thompson et al. stated
that in the case where there is difficulty to accu-
rately verify a particular marker, the remaining
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two markers should to be used for matching.
This, however, raises the question of how accu-
rate the remaining two markers are. If only one
marker was remaining post implantation, then
the radiation oncologist should be consulted on
whether bony anatomy should be used in
matching when treating prostate cancer patients.
Further to this Duffton et al.*” recognised that
infrequent seed migration occurs, stating that in
the case of seed loss once again the matching
should be done depending on the position of the
remaining two seeds or actually match the best fit
of the three seeds. This, however, will introduce
interobserver variability in the way each radiation
therapist matches.” More literature is needed to
clarify what decisions radiation oncologist will
make in diftferent instances of seed loss and seed
migration. 19

All =317 byt one author ? indicated that
seeds are a viable surrogate for prostate motion.
Delouya et al.” documented that most patients
had a migration of <2-0 mm, 16-23% of the
patients in this study had a migration <2-0 mm.
From this Delouya et al.” concluded that given
the significant migration in these cases being
>2-0 mm, fiducial markers were not the ‘perfect
solution’ as a surrogate for the prostate. They
concluded that in cases with significant migration,
a repeat simulation was required to adapt the
correct planning treatment volume.”' Further-
more, Momen et al’s.'” study treated cases with
IMRT, and as such required migration tolerances
of <2mm were required owing to the tight
planning margins in these cases. Patients that
showed inter-marker distances ranging from 3-0 to
4-0 mm only occurred in three patients and should
be treated with conformal radiotherapy owing to
larger margins assigned for these patents.'”

In cases of significant migration or loss, cone
beam computed tomography (CBCT) could be
used to assist in accurate pre-treatment position-
ing of the prostate, rather than prostatic seeds.
Not only does CBCT have the ability to account
for prostate location, but also shows the location
of the organs at risk, such as the bladder and
rectum. >’ However, CBCT 1is time consuming
and more difticult for radiation therapist to match
compared with kilovoltage or megavoltage
imaging using gold seeds.”
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LIMITATIONS

This study was limited to non-surgical prostate
patients and did not consider post-prostatectomy
patients. Given post-prostatectomy patients have
had their prostate removed; seed migration
may be more significant in these patients and
needs to be investigated further. Only patients
who were undergoing either 3DCRT or IMRT
were considered and brachytherapy cases were
excluded. Finally, there was no consistency across
the literature on reporting the use or absence
of androgen deprivation hormone therapy
(ADHT). This is an important consideration
because ADHT decreases the size of the prostate,
and thus could impact on the degrees of seed
migration.'°

CONCLUSION

Through summarising the literature it is clear that
gold seeds are considered to be stable with most
migrations within a 2-0 mm threshold and with a
maximum loss of one seed per patient. This
indicates that as practitioners we can be confident
that gold seeds are an accurate surrogate for
prostate position.'® Although individual cases can
have significant migration and loss, each patient
case must be considered individually if marker
migration exceeds the 2:0 mm threshold. Given
the possible implications of seed migration and
loss each clinic needs to have protocols in place to
deal with both non-significant and significant
migration when it occurs. Further research and
analysis of the impact of different matching
protocols in cases of significant seed migration
and loss needs to be documented in the literature.
Detailed analysis of different matching processes
will further inform clinical practice and improve
evidence-based practice decision making.
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