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During the past 15 years, permanent seed brachytherapy for prostate cancer
has advanced significantly in all areas, including patient selection, treatment
planning, technique, and technology (eg, seeds stranded in Vicryl suture). These
improvements have made transperineal seed implantation an accurate and
practical treatment option for men with low-, intermediate-, and high-risk
disease. Because of the evidence that the various treatment options for prostate
cancer are likely to be equally successful in terms of long-term cancer control,
continuing efforts focus on enhancing the quality of life of implant patients.
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for prostate cancer. Currently, it is estimated that 30% to 40% of all patients

with prostate cancer receive seed implantation as part of their treatment.'
Significant advances in patient selection, treatment planning, technique, and
technology (eg, connected seeds) have made transperineal seed implantation an
accurate, practical treatment option for patients with low-, intermediate-, and
high-risk disease.

P ermanent seed brachytherapy has become an important treatment modality
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Advances in Brachytherapy continued

Modern Permanent Seed
Implantation
In the 1960s, Drs Scardino and
Carlton’ at Baylor College of Medicine,
Houston, TX began modern-day per-
manent prostate brachytherapy using
198-Au interstitial implantation or
iodine-125 (I-125) either alone or in
combination with external beam
radiotherapy (EBRT).? In the 1980s,
new brachytherapy approaches to
the treatment of prostate cancer were
initiated.” Martinez and colleagues*
treated patients with EBRT combined
with temporary seeds inserted using a
transperineal approach. Dr Puthawala
and associates® pioneered a temporary
seed technique of placing the needles
while visualizing them through an
open laparotomy. At about the same
time, Dr Whitmore and colleagues® at
Memorial Sloan-Kettering Cancer
Center (MSKCC) also began to insert
[-125 seeds as a sole treatment
through an open incision.
Significant limitations, such as the
requirement for an open incision,
dosimetry issues, and poor outcomes,
prevented the adoption of these tech-
niques. Lack of prostate-specific anti-
gen (PSA) screening (for ideal patient
selection) also contributed to high
recurrence rates. However, some
important information was obtained
from these early seed implantation
approaches. Local control was better
in patients who received high-quality
implants and who had low-grade
and early-stage cancer.”® The group
from MSKCC reported a 60% local
control rate in patients who received
prescription doses of > 140 Gy ver-
sus 20% if the dose was < 140 Gy.
The 15-year survival was 70% in
patients with stage B1 prostate can-
cer receiving high-quality [-125 seed
brachytherapy.” These results suggest-
ed that quality seed placement and
proper patient selection were impor-
tant determinants of cancer control.
The subsequent development of

Figure 1. Transperineal ultrasound-guided implant with seeds in Vicryl suture (RAPID Strand™, Oncura, Inc.,
Plymouth Meeting, PA). Image courtesy of Oncura, Inc.

the transperineal, ultrasound-guided
approach provided a theoretical means
to more accurately place seeds and to
improve dose coverage (Figure 1).

Advances in the

Transperineal Approach

Since the mid 1980s, the transrectal
ultrasound-guided, template-guided
[-125 implantation procedure has
become the primary technique of
permanent seed implantation. In
1983, Dr Holm" introduced the use of
transrectal ultrasound to visualize the
permanent placement of [-125 seeds
via needles inserted through the per-
ineum directly into the prostate. In
1985, Drs Blasko and Ragde'> began
the first transperineal ultrasound-
guided approach in the United States.
The transperineal ultrasound-guided,
approach resulted in increased accu-
racy of needle and seed placement
and relatively even distribution of
seeds throughout the prostate. It
marked a major advance in prostate
brachytherapy in that it allowed com-
puterized treatment planning of the
implant rather than the use of simple
nomograms, thus ensuring the proper
number, strength, and positioning of
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radioactive sources. Permanent seed
implantation has subsequently evolved
over the past 19 years to become an
efficient procedure, suitable for outpa-
tient and ambulatory surgical centers.

The goal of any implant is to
achieve the prescribed dose throughout
the prostate. Several studies have doc-
umented better biochemical control
in patients treated with I-125 mono-
therapy who achieved a dose > 130-
140 Gy as compared with patients
whose dose fell below this range.""
Research at the Seattle Prostate
Institute™ has shown that monother-
apy patients treated between 1988
and 1990 achieved significantly bet-
ter 10-year biochemical control than
did identical patients treated at the
Institute by the same physicians
between 1986 and 1987. The only
factor identified as explaining the
difference was the quality of the
implant. These studies supported
the hypothesis that higher-quality
implants result in better cancer
advances since this early experience
has improved the quality of perma-
nent seed implantation.

As brachytherapy has become more
popular, many technical improvements
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have been added to increase the
consistency and quality of the proce-
dure.™'>'*'® Slight differences in tech-
nique are in practice as more and
more physicians perform this proce-
dure and technical advances are
made; however, the basic approach is
quite similar, and it remains to be
determined whether any single tech-
nique will prove superior in control-
ling the cancer. Virtually all studies
are in agreement that the keys to
successful outcomes are appropriate
patient selection and a high-quality
implant.”'*"**" Fundamental improve-
ments have evolved in patient selec-
tion, treatment planning, dosimetry,
imaging, operating room techniques,
seed technology, and quality assur-
ance programs.

Patient Selection

The stage of cancer, technical suit-
ability, and toxicity issues are the
three key considerations involved in
the selection of patients for ultra-
sound-guided implantation.

Stage and Extent of Cancer

Patients with a high likelihood of
disease in the prostate and immedi-
ate surrounding area can be treated
with seeds alone. Patients with a high-
er likelihood of microscopic disease
(intermediate and high risk) beyond
the implant volume are generally
treated with a combination of EBRT
and seed implantation. Patients with
advanced disease—ie, stage = T3—or
distant metastatic disease are typi-
cally not appropriate candidates for
seed implantation.

The Partin tables?* and other pre-
dictive algorithms have allowed for
better patient selection of therapy. In
early-stage, low-risk patients, there
is a very low risk of disease in the
seminal vesicles or lymph nodes and
only a modest risk of disease that
extends through the outer wall, or
capsule of the prostate. Fortunately,

the disease that goes through the
capsule is almost always within sev-
eral millimeters of the prostate and is
easily covered by the implant vol-
ume.”?* The risk of disease outside the
capsule can be estimated by looking
at the Partin tables, which correlate
the risk of extracapsular penetration
(ECP), seminal vesicle (SV) involve-
ment, and lymph node (LN) involve-
ment with the biopsy Gleason score,
clinical stage, and pretreatment PSA.*

Typically, surgical and radiation
margins are 4 to 15 mm beyond the
prostate. Disease that is beyond the
margin of surgery or implantation can
be roughly estimated from the Partin
tables by the following formula: LN
+ SV + ECP (X). X is 25% if the

ment have not been shown to be
superior to those of implantation as
the sole treatment.”*” For the major-
ity of patients, implant alone causes
fewer side effects and is less expen-
sive than EBRT plus seeds.

Other factors in low-risk patients,
such as the number of positive biopsy
cores, are considered in determining
whether these patients with favorable
disease require EBRT in addition to
implantation. The number of positive
cores has been demonstrated in sur-
gical series to correlate with progno-
sis. In patients treated with radical
prostatectomy, those with > 50% of
cores were found to have a worse
prognosis than those with < 500.%
Brachytherapy series, however, did

Some centers perform combined EBRT and implantation on all patients,
even those with low-risk disease, but to date, the long-term clinical results
of combined treatment have not been shown to be superior to those of
implantation as the sole treatment. For the majority of patients, implant
alone causes fewer side effects and is less expensive than EBRT plus seeds.

Gleason score is 6 and 500 if the
Gleason score is 7. This calculation is
based on a study that showed that
for patients with early-stage disease
with evidence of ECP only, 25%
would fail radical prostatectomy if
the Gleason score was 6 or below
and approximately 50% would fail if
it was 7 or higher.”

Evidence that patients with favor-
able (low-risk) disease have a high
likelihood of disease confined to the
implant margin comes not only from
pathologic studies but also from clin-
ical studies showing excellent PSA
control with seed implantation alone
with either palladium-103 (Pd-103)
or [-125.">1%34 Some centers perform
combined EBRT and implantation on
all patients, even those with low-risk
disease, but to date, the long-term
clinical results of combined treat-

not show a statistical difference in
patients with low-risk disease and
higher-percentage positive biopsies.”

For intermediate-risk patients, the
choice of treatment is between
implantation alone and EBRT plus
seeds. A common definition of inter-
mediate risk is the presence of one
of several unfavorable risk factors:
PSA > 10 ng/mL, Gleason score = 7,
or clinical stage = T2c disease by
digital rectal examination (DRE).
This intermediate group is a broad
group with a significant range of risk
of disease beyond the prostate. Some
of the more favorable intermediate-
risk patients—eg, those with stage
T1c, Gleason score < 7, PSA between
10 ng/mL and 15 ng/mL, and a low
percentage of positive biopsies—have
a relatively low risk of disease
beyond the margin and are often
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Table 1
Implant Alone Versus Combination Implant and
External Beam Radiotherapy

Low Risk—Implant Alone

Intermediate and High Risk—
EBRT and Implant

Clinical stage T1 or T2a, T2b

Clinical stage > T2c

Gleason score < 6

Gleason score = 7

PSA < 10 ng/mL

PSA > 10 ng/mL

Exceptions

Exceptions

T2a, T2b

T1c, T2a, Gleason score 7

> 66% biopsies positive

< 349% biopsies positive

EBRT and implant

Implant alone

EBRT, external beam radiotherapy; PSA, prostate-specific antigen.

treated with implant alone. Other
intermediate-risk patients with worse
prognostic factors are probably served
best by EBRT plus implantation, but
further studies are necessary.

High-risk patients are considered
to be those with two or three of the
above-mentioned risk factors.” Some
centers define a patient as high risk
if one factor is very unfavorable
(PSA > 20 ng/mL, DRE stage > T2b,
or Gleason score 8-10). Patients in the
high-risk group are typically treated
with combined therapy, which may
also include hormonal therapy. Table
1 shows the current treatment guide-
lines recommended by the Seattle
Prostate Institute, which are a slight
modification of those advocated
by the American Brachytherapy
Society (ABS).

Technical Suitability

Prostate size. If the size of the
prostate is much greater than 60 mL,
the implant may become technically
challenging. The pubic arch can
obstruct needle placement, and more
swelling can occur during and after
the procedure. Most centers set a
limit of approximately 60 mL as an
upper limit of suitability. For larger
glands, either another treatment

modality is chosen or the gland size
is reduced with hormonal therapy
prior to brachytherapy.

Prior prostate surgery. A prior
transurethral resection of the prostate
(TURP) may sometimes prevent a
quality implant. TURPs may leave a
large deficit in the central portion of
the gland (a “TURP defect”), allowing
little room for accurate seed place-
ment. In addition, the early experience
noted higher rates of incontinence
when TURP patients were treated with
implantation.”** Recent procedural
advances that involve placing seeds
farther from the TURP defect have
decreased this risk of incontinence.*
The current consensus, therefore, is
that patients with small TURP defects
are eligible for implantation, recogniz-
ing that the risk of incontinence may
be higher than in non-TURP patients.

Preoperative obstruction. The need
for a temporary catheter after implan-
tation increases as the American
Urological Association (AUA) score
increases. Patients with AUA scores
above 15 are at higher risk of need-
ing a temporary catheter after seed
implantation. A few of these patients
may require treatment, either before
the implantation or at a later date, to
relieve obstructive problems. Some
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patients can become candidates for
implantation if their urinary symp-
toms respond well to a-blockers.
Another technique, in patients with
clear bladder neck-obstruction, is to
perform a transurethral incision of
the prostate (TUIP) 2 to 3 months
prior to implantation. Of note is that
patients undergoing hormonal thera-
py to reduce prostate size may not
experience any improvement in their
obstructive symptoms. Paradoxically,
in some studies, pretreatment with
androgen ablation increased the risk
of requiring a temporary catheter.”

Treatment Planning

Treatment planning is a three-step
process that considers the doses nec-
essary to control the cancer and reduce
toxicity to critical structures. The
first step is a volume study, followed
by outlining an implant volume, fol-
lowed by a computerized ideal seed
placement plan. Computerized plan-
ning is now either performed at
the time of the procedure (intraoper-
ative) or several weeks prior to
the implantation (preplanning). Sig-
nificant advances have occurred in
identifying treatment-planning issues
that decrease toxicity.

Volume Study

The basic elements of the volume
study are unchanged. A series of
cross-sectional ultrasound images of
the prostate form the basis for com-
puterized treatment planning and
seed placement. Advances in treat-
ment-planning systems, however,
have made it possible to conduct the
volume study and planning in the
operating room; however, most cen-
ters still perform the volume study
and planning several weeks prior to
the procedure.

Seed Distribution
Philosophies of seed distribution have
ranged from using high-strength,
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peripherally positioned seeds to low-
energy, uniformly spaced seeds. Today,
almost all centers in the United
States have adopted a modification
of these techniques, described as
modified uniform seed spacing. A
few centers, especially in Europe, are
still evaluating high-strength seeds.
The modified uniform placement of
seeds philosophy has been demon-
strated to satisfy the dose require-
ments, to be technically feasible, and
to minimize high-dose areas.

Dose

The actual dose delivered to the
prostate has remained essentially the
same over the years; however, the
changes in the formulas of dose cal-
culation for both I-125 and Pd-103
changed the prescription dose.*
Prescribed dose today is determined
by the isotope used (eg, Pd-103 or
I-125) and whether it is to be used
for implantation alone (145 Gy for
I-125, 125 Gy for Pd-103) or in com-
bination with EBRT (110 Gy for [-125,
100 Gy for Pd-103).

The doses delivered by implantation
are significantly higher than those
achievable by three-dimensional
conformal/intensity-modulated
radiotherapy (IMRT), EBRT, or high-
dose rate (HDR) brachytherapy. Typical
doses for implantation are 125 to
145 Gy. For EBRT, the doses are 70 to
80 Gy. An EBRT dose of 120 Gy is an
approximate dose equivalent to that
of an implant** and is far beyond
the tolerance range for EBRT. EBRT
is typically unable to give much more
than 80 Gy.

Target Volumes and

Critical Structures

Experience with thousands of patients
has resulted in identifying doses to
critical targets and volumes that min-
imize side effects and complications
while ensuring high control rates.
Recommended initial target volumes

Table 2
Recommended Brachytherapy Prescription Doses
at the Seattle Prostate Institute

Area Dose
Entire prostate
V100 100%
V150 300%-60%
V200 10%-20%

Urethra point

110%-120% of prescribed dose

Rectum point

< 100% of prescribed dose

Penile bulb

5000, < 40 Gy

Rectum < 40% receiving 60 Gy
< 25% receiving 70 Gy
Bladder 70% of gland, < 25% of prescribed dose

V100, V150, V200, volume receiving 100%, 150%, and 200% of prescribed dose, respectively.

should include the prostate and a
5 to 10 mm lateral margin, but tight
posterior margins. Current regimens
are paying closer attention to the mar-
gins at the apex because higher doses
to the penile-bulb region have been
associated with increased -erectile
dysfunction.* Acceptable doses are
now referenced to the prescription
dose and the volume receiving the
dose. For example, V100 refers to the

cancer in 1965 and Pd-103 in 1989.
The photon energy of 28 kiloelectron
volts (keV) for I-125 and 21 keV for
Pd-103 are very similar. The primary
difference between the two isotopes
is the rate at which they decay. [-125
has a half-life (the time it takes to
decrease by one half) of 60 days ver-
sus 17 days for Pd-103. The effect is
that Pd gives up its energy more
quickly. There is no evidence yet that

There is no evidence yet that quicker is better for prostate cancer or that
one isotope is clearly better than another for each grade of cancer; there-
fore, selection of the isotope is at the discretion of the brachytherapy team.

volume of the structure receiving
100% of the prescribed dose. The
ranges of acceptable doses to the
prostate and critical structures used
by the physicians at the Seattle
Prostate Institute are given in Table 2.

Isotope Selection

I-125 and Pd-103 are the primary
isotopes used in permanent seed
implantation. 1-125 was introduced
to the clinical treatment of prostate

quicker is better for prostate cancer
or that one isotope is clearly better
than another for each grade of cancer;
therefore, selection of the isotope is
at the discretion of the brachytherapy
team.”*' The ABS does not recommend
one isotope over the other.”

Seed Technology

Stranded seeds and seed migration.
Original implant techniques, which
are still used in many centers, involve
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placing individual, or “loose,” seeds
into the gland. Spacing is accom-
plished in preloaded needles by
absorbable spacers or, with the Mick
applicator (Mick® Radio-Nuclear
Instruments, Inc., Mount Vernon, NY)
by mechanically depositing the seed
at the determined distance from the
other seeds. Loose seeds, however,
have migrated to the pelvis and lungs
in several studies, regardless of tech-
nique.””** In one study, a loose seed
was found in a coronary artery.”
Recent studies demonstrated that
18% to 55% of patients treated with
loose seeds via the Mick applicator
experienced seed migration to the
lungs,”*” whereas studies of preloaded
loose seeds have reported 10% to 22%
patients with lung migration.*>** The
mechanism for this migration is like-
ly seed embolization in the venous
plexus surrounding the gland or
inadvertent deposition in the peripro-
static region.*>**

Compared with loose or “free” seeds,
seeds stranded in Vicryl suture (RAPID
Strand™, Oncura, Inc., Plymouth
Meeting, PA) have been demonstrat-
ed to substantially lower the inci-

Figure 2. Free or loose
seeds and connected
seeds in Vicryl suture
(RAPID Strand). Image
courtesy of Oncura, Inc.

treated with seeds stranded in Vicryl
suture (P = .002).”® Moreover, patients
treated with stranded seeds had a
significantly lower incidence of
migration of seeds out of the prostate
and into the pelvis: 40% versus 20%
(P =.02).*® Although there are no data
demonstrating any side effects of
seed migration to the lung, the goal
of permanent seed implantation is
to place seeds according to plan
throughout the prostate and for the

Loose seeds have been demonstrated to migrate to the pelvis and lungs in
several studies, regardless of technique. In one study, a loose seed was

found in a coronary artery.

dence of seed migration to the lung
(Figure 2).”> Data showing lower seed
migration rates with seeds stranded
in Vicryl suture were first published
in 1998. The Seattle group noted
0.7% lung migration in patients
treated with stranded seeds, whereas
119% of those treated with loose seeds
experienced such migration. An
update of 1000 patients treated at the
Seattle Prostate Institute demonstrated
that 24% of patients implanted with
loose seeds experienced seed migra-
tion to the lung versus 2% of patients

seeds to remain in position through-
out an effective half-life of the seed.

Stranded seeds and dosimetry.
Multiple studies have demonstrated
improved dosimetry with seeds strand-
ed in Vicryl suture versus loose seeds.
Lee and colleagues* compared 20 loose
seed implants with their first 20 con-
nected seed implants (RAPID Strand)
and found significantly improved
postoperative dosimetry on dose-vol-
ume histogram (DVH) analysis: V100
of 86.5% with loose seed implants
and V100 of 96.1% with stranded
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seed implants. Fagundes® also showed
significant improvement in DVH
dosimetry when he switched from
using loose seeds and the Mick appli-
cator to afterloading the Mick appli-
cator needles with seeds stranded in
Vicryl suture.” The Seattle Prostate
Institute noted improved dose homo-
geneity and lower V150 and slightly
better (not statistically significant)
V100s on DVH analysis with strand-
ed seeds versus loose seeds.”

In summary, the advantages of
using radioactive seeds that are
stranded in absorbable material, eg,
Vicryl suture, include; less seed migra-
tion to the lungs and pelvis, seed
placement outside the capsule, and
improved dosimetry. To date, there
have been no studies demonstrating
an improved biochemical outcome
with stranded seeds. However, the
demonstrated advantages and high-
quality implants using stranded
radioactive seeds with absorbable
material may become more important
for reducing side effects.

Imaging. Ultrasound imaging has
essentially remained unchanged over
the past 10 years. However, anecdotal
evidence indicates that the use of spe-
cialized condoms designed for brachy-
therapy has improved the consistency
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and clarity of images.®” Increasingly,
the use of sagittal imaging is used to
better visualize needle depth/pene-
tration and better seed placement and
coverage of the base of the prostate.
The Seattle team has adopted the
extensive use of sagittal imaging for
determining the base of the prostate
and positioning of the needle tip.
The reported advantage of this tech-
nique is that the prostate movement
cephalad during needle placement can
be seen and needle placement adjust-
ed, maximizing seed distribution at
the base.

Needle placement. Almost all cen-
ters use ultrasound imaging to identify
needle placement. The use of fluoro-
scopy to determine needle placement is
controversial and not recommended
as the sole modality for needle place-
ment. The two primary methods of
seed placement are the preloaded
needle and the afterloading tech-
nique. Many centers have reported
on the differences in these tech-
nique'®*#¢; hoth techniques have
strong advocates. With the preloaded
technique, the seeds are placed into
the needle and the needle is inserted
into the gland; with the afterloading
technique, a needle and stylet are first

P L

Figure 3. Gold seeds marking prostate location.

tion and improved dosimetry com-
pared with loose seeds.®® The most
significant factor was the use of the
stranded seeds and not the technique,
however. Whether the preloaded or
afterloading technique will prove
superior for clinical control of the
cancer is unclear.

Advances in EBRT. Recent
advances that have reduced the inci-
dence of rectal bleeding and radiation
proctitis in EBRT patients can now
be applied to intermediate- and high-

In several studies, the use of seeds stranded in Vicryl (RAPID Strand) and
the afterloading technique resulted in a significant reduction in seed
migration and improved dosimetry compared with loose seeds. The most
significant factor was the use of the stranded seeds not the technique.

positioned into the gland, the stylet is
removed, and the seeds are inserted
into the needle. With afterloading,
several options, such as the Mick
applicator two-stage system, or the
cartridge described by Fagundes, are
available.” In several studies, the use
of seeds stranded in Vicryl suture and
the afterloading technique resulted in
a significant reduction in seed migra-

risk patients receiving combination
EBRT and seed implantation. IMRT
has reduced the incidence of rectal
bleeding.®

Even more accurate methods of
localizing the prostate immediately
before treatment each day have been
developed recently. One exciting
technique involves the placement of
three gold nonradioactive marker seeds

into the prostate by the urologist a few
days before the treatment-planning
computed tomography (CT) scan. The
IMRT plan is then developed, and
each day, the gold seeds are identi-
fied with the patient in treatment
position under the linear accelerator
just prior to treatment (Figure 3). The
treatment table (couch) is then moved
a few millimeters in/out, up/down, or
right/left, depending on how much
the prostate moved compared with the
original treatment plan.® This method
allows for a much more accurate
treatment and thus a reduction in the
amount of the rectum and the bulb
of the penis that is in the external
beam field. It is expected that this
method will decrease the risk of radi-
ation proctitis and impotency in
patients receiving either IMRT alone
or IMRT plus brachytherapy.

Toxicity

Major acute operative symptoms and
complications are extremely rare.
Surgical events such as bleeding that
require transfusion, admission to the
intensive care unit for any postoper-
ative acute events, and death have
not been noted in the literature.>” At
the Seattle Prostate Institute where
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physicians have performed more
than 7000 implantation procedures,
no deaths or serious intraoperative
or postoperative morbidity have
been observed.

Urinary symptoms. Moderate
postoperative side effects, however,
are common and are primarily uri-
nary irritative and obstructive symp-
toms such as increased urinary fre-
quency, urgency, discomfort on uri-
nation, and weakening of the urinary
stream.”****® The symptoms are at
their worst between 2 and 6 weeks
after the operation, but they may be
bothersome for 2 to 6 months or
longer. The need for a temporary
catheter occurs in approximately 10%
of patients.****”” In one study at the
Seattle Prostate Institute, the average
duration of catheterization was 13
days, and 2% of patients required
Foley, suprapubic, or intermittent
self-catheterization for more than
6 months. No patient has required
a permanent catheter.” In the small
percentage of patients who require a
catheter more than a few weeks, self-
catheterization is either taught or a
suprapubic catheter is placed until
the swelling and retention resolve.

Bowel symptoms. Increased bowel
frequency and urgency is uncom-
mon, and when it occurs, the symp-
toms respond to diet and medications
such as loperamide. Blood in the urine
is to be expected for a few days, and
occasionally a few weeks, after
implant. We recommend that patients
use stool softeners or fiber supple-
ments to keep their stools soft for at
least the first half-life of the seeds.
This can decrease distention of the
rectum and the pressure of the ante-
rior rectal wall against the prostate,
thus lowering the dose of radiation
to the anterior rectal wall.

Sexual issues. Ten percent to 20%
of sexually active patients will expe-
rience some level of discomfort (usu-
ally mild) with orgasm; a problem that

generally resolves itself gradually.”
Although the volume of the ejaculate
will decrease dramatically following
an implant, sperm may still be present.
Occasionally, blood may be seen in
the ejaculate, but it is not harmful or
dangerous. Whether the sperm is sig-
nificantly damaged by radiation
exposure is unknown, but to be safe,
birth control measures are recom-
mended for couples who are still fer-
tile. Ejaculation of a seed is rarely
reported. The Seattle team is aware
of fewer than 5 patients who have
noted this event over the past
15 years.”

Quality assurance. As quantitative
parameters for quality implantation
have become available, brachytherapy
teams have the ability to evaluate the
quality of each implant. The assess-
ment of implant quality begins in the
operating room as a qualitative eval-
uation, with the use of ultrasound and
possibly fluoroscopy to visualize the
needles and seeds as they are being
placed. Although there have been
numerous attempts and claims at
intraoperative dosimetry, no current
system can intraoperatively deter-
mine seed placement and calculate
dosimetry accurately.

The quantitative evaluation of
implant quality is performed postop-
eratively using CT scans.”” The CT
scan allows identification of the
position of each seed and allows
the brachytherapy team to calculate
the dose delivered by the seeds to the
gland. CT dosimetry shows the
radioactive seeds in cross-sectional
images as they lie within the prostate.
With the aid of treatment-planning
software, the dose is calculated and
compared with the preplan dosime-
try. CT dosimetry has allowed
brachytherapists to substantially
improve both planning and introper-
ative technique.”’®” Some centers
are also adopting the use of magnetic
resonance imaging (MRI) to outline
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the anatomy more accurately.”
Because swelling of the prostate may
sometimes make it difficult to accu-
rately define the gland and to per-
form the required calculations, the
postoperative CT and/or MRI study is
usually performed 4 weeks post
operation; however, day O or day 1 is
acceptable.

Postoperative CT dosimetry pro-
vides important, immediate feedback
on each implant. If there is an area or
areas with significant underdosing,
the deficiency can be addressed in a
timely manner with supplemental
EBRT, HDR, or a second, corrective
implantation. Currently, the ABS rec-
ommends the use of CT-based, post-
operative dosimetry on all patients
and, in addition, the inclusion of
such findings in published reports of
clinical research on implantation."

Quality Assurance and
Quality of Life
With evidence that the various treat-
ments for prostate cancer are likely
to be equally successful in terms of
long-term cancer control, emphasis
is now being placed on the quality of
life (QOL) after treatment. QOL can
be difficult to measure because men
may perceive problems after treat-
ment very differently. Previous
attempts to define QOL have been
marred by the fact that patient reports
of problems and physician reports
have differed substantially and treat-
ment planning and techniques are
constantly changing. Therefore,
studies are now incorporating patient
self-reported and validated QOL-
questionnaires that can help decrease,
but not totally eliminate, bias.
Postimplantation surgery. A TURP
after implantation increases the risk
of wurinary incontinence.” Because
most patients with brachytherapy-
related urinary obstruction will
eventually spontaneously void, a
TURP should be approached with
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Figure 4. Incidence of sexual dysfunction as a result of modern brachytherapy (Brachy), radical prostatectomy

(RP), and conformal external beam radiotherapy (EBRT). Adapted with permission from Talcott J, et al.”’

extreme caution and only after sub-
stantial time, eg, 9 months to 1 year,
has elapsed.* Generally, if obstructive
symptoms are persistent beyond 12
months, a TUIP is recommended
rather than a TURP.

Short-term effects. Prophylactic
a-blockers (eg, tamsulosin) signifi-
cantly improve the immediate obstruc-
tive effects of the implant.®" The use
of steroids (eg, methylprednisolone
dose packs) has been reported to be
of benefit in reducing postoperative
obstruction in some patients with
high preoperative obstructive scores.
Smokers and patients receiving hor-
mone therapy have been demon-
strated to have slightly higher
obstructive problems. Urethral mor-
bidity is associated with dose and
can be reduced by minimizing the high
dose to the urethra to 100% to 140%
of the minimum peripheral dose.

QOL comparisons. Several recent
QOL studies compared current implan-
tation techniques with EBRT and
radical prostatectomy. In one study,
the analysis showed a decrease in
QOL with radical prostatectomy and

implantation at 1 month after the
operation, but the overall QOL for
both treatments returned to near base-
line by the 1-year mark.*” In another
study, the patients treated with radical
prostatectomy reported significantly

worse QOL in terms of urinary func-
tion and sexual function and bother.
The patients treated with EBRT report-
ed significantly worse QOL with regard
to bowel function and fear of cancer
recurrence.”” More studies in this
important area will not only help com-
pare QOL for each of the treatments
but will also allow comparison of QOL
for each of the several brachytherapy
techniques currently in use.

The most recent QOL study was
reported by Talcott and colleagues.®
This study showed that radical prosta-
tectomy resulted in higher inconti-
nence and impotency rates (even
though the patients were younger) and
lower urinary obstruction complaints
than brachytherapy (Figures 4 and 5).
Rectal bleeding occurs in approxi-
mately 2% to 5% of patients receiving
only an implant and 6% to 10% of
those treated with both EBRT and
implantation. The bleeding is usually
minor and not apparent until 1 to
2 years after the implantation.
Rectal bleeding rarely occurs after
3 years. 7545 (OQpe study demon-

Figure 5. Incidence of incontinence as a result of modern brachytherapy (Brachy), radical prostatectomy (RP), and
conformal external beam radiotherapy (EBRT). Adapted with permission from Talcott J, et al.”
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strated that careful planning of the
dose to the rectum substantially
reduces the risk of rectal bleed-

Table 3
Biochemical Relapse-Free Survival

ing.*® A severe rectal ulcer or fistula RP 3D-CRT I-125 EBRT+Seeds
is rare in patients not undergoing D’Amico™ Zelefsky** Grimm' Sylvester”
electrocautery.”*” Biopsy or electro- (HUP)(BEW) (MSKCC) (Seattle) (Seattle)
cautery to stop bleeding is to be Risk 5-yr BRFS 10-yr BRFS 10-yr BRFS 10-yr BRFS
avoided in all patients with rectal Group (DRG) _ (DRG) (SRG) (SRG) (SRG) _ (DRG)
bleeding after implantation because
it may increase the risk of a non- Low 850 83% 83% 87% 8500 849
healing ulcer or fistula, Intermediate 65% 500 50% 76 % 77%  90%
Most published reports note that :
High 32% 28% 42% === 47% 46%

long-term urinary morbidity and/or
incontinence following implantation
is rare. In patients without severe
obstructive urinary symptoms or sig-
nificant benign prostatic hypertrophy,
and without a prior TURP, the risk of
chronic urinary irritation or inconti-
nence following implantation is less
than 3%.5%

Sexual functioning and impotency
are more challenging to evaluate
because of differences in patient per-
ception, the definition of potency,
age differences, baseline functioning,
comorbid diseases, and the sexual
functioning and interest of the
patient’s partner. The Seattle team
has reported the results of a patient
self-reported questionnaire. Patients

RP, radical prostatectomy; HUP, Hospital of the University of Pennsylvania; B & W, Brigham and
Women'’s Hospital; BRES, biochemical relapse-free survival; DRG, D’Amico risk grouping; 3D-CRT,
three-dimensional conformal radiotherapy; MSKCC, Memorial Sloan-Kettering Cancer Center;
SRG, standard MSKCC risk grouping; I-125, iodine-125; EBRT, external beam radiotherapy.

who noted full, normal erection-abil-
ity prior to implantation maintained
the ability to obtain an erection
“adequate for intercourse” at 2 years
in 80% of the seed monotherapy cases
and 69% of the EBRT plus implanta-
tion cases.®*° In other studies, 75% of
implant patients maintained erection
function at 1 year after implantation.
At 3 years, 81% of the implant
patients reported the ability to main-
tain an erection.’® Of interest is that
several studies may have identified

the cause of impotence in some men.
The dose to the bulb of the penis may
correlate to erectile dysfunction. In a
small series of retrospectively reviewed
patients, Dr Merrick noted that 19 of
23 patients who lost erectile function
received a dose to the bulb of the
penis of > 40% of the minimal
peripheral dose, whereas 19 of 23 who
maintained erectile function received
a dose (to the bulb of the penis) of
< 40% of the minimal peripheral
dose.” These findings have changed

Main Points

e Significant advances in patient selection, treatment planning, technique, and technology (eg, seeds stranded in Vicryl suture
[RAPID Strand]) have made transperineal seed implantation an accurate, practical treatment option for patients with low-, interme-
diate-, and high-risk prostate cancer.

e The development of the transperineal, ultrasound-guided approach provided a theoretical means to more accurately place seeds
and improve dose coverage.

e Virtually all studies agree that the keys to successful outcomes are appropriate patient selection and a high-quality implant.

¢ The three key considerations involved in selecting patients for ultrasound-guided implantation are stage of cancer, technical suit-
ability, and toxicity issues.

e Treatment planning is a three-step process consisting of a volume study, an outline of an implant volume, and a computerized
ideal seed placement plan.

e Compared with loose seeds, seeds stranded in Vicryl suture have been shown to substantially lower the incidence of seed migra-
tion to the lung. Other studies demonstrated improved dosimetry with RAPID Strand versus loose seeds.

e With evidence that the various treatments for prostate cancer are likely to be equally successful in terms of long-term cancer
control, emphasis is now being placed on quality of life after treatment.
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the Seattle Prostate Institute’s future
planning of dose to this area, as
noted in Table 1.

Summary

During the past 15 years, brachyther-
apy has advanced significantly in all
areas, including patient selection,
treatment planning, technique, and
seed technology. Continuing -efforts
are focused on improving QOL for
implant patients. Long-term biochem-
ical disease-free survival continues to
match published radical prostatectomy
results (Table 3).'53892% [ |
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