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Abstract: Prosate transperineal brachpthenapy has become an
cffective trearment aption for the cure of prostate cancer. A well done
implane affers @ very bigh cure rade and lie morbidity comparee
wiith swergery and octernal beam radiation therapy, Over the past
several decades the technology sswrronnding the seed implant technique
buas improved dramatically. Todays implant echnolagy allows the
phyrician and their plysics team to continmnsly adfust the dase
delivered to the prostace gland and srreunding tisiwes therely
allowing doser of mdiaiion to the prostate gland o vise o levels not
paisible wiing either protom or photen based techniques. The sced
implant alio allows for the body to mainsain iti normal anatomic
relationships which in turn allows for maintenance of @ persons
narmal phystalsgical fnciions sl as wrination, normal anal e
aid rectal finction. Clinical reswlts bave been impressive in the long
serm weith data from ceveral institutions confirming imprecive data
frome the 19905 using this minimally invasive treatment modality as
@ wirthy standard option tv the robotic aisisted radical prostatectamy
or external beam irradiation wsing either protons or photons. In
addition to the experience in the United States (US), other fealth
systems fave embraced the seed implant ai a standard option such

as fapan and most Enropean counerics,

Introduction

The prostate seed implant has been parc of the prostare
oncology arsenal since the 1970s oftfering excellent resules
for most presentations of prostate cancer.'! The modern
implant techniques afford very good long rerm results
with morbidity that is almost always temporary in nature
when compared to other proven treacment options such as
surgery and external beam radiation using either prorons
for photons.”

Whitmore and Hilaris in the 19705 describe [-125
seed implants that used a thoughttul open retropubic
approach to the gland whereby the surgeon, under direcr
visualization, implanted radioacrive seed without the help
of modern imaging modalities.™ With the development
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of the trans-rectal ultrasound in the 1980s, Holm et al.
applied chis new imaging technology to the seed implant
which has allowed for the implant procedure to become
a very popular treatment option**

In addition to the continued application of imaging
maodalities to the implant technique, the development
of the modern computer has also further advanced the
ficld. Today's implant procedure is done with a full chree
dimensional appreciation of anatomy in real time using
not just a high quality biplanar ulerasound probe, bur
also fusion imaging rechnology that rakes advantage of
MRI and funcrional imaging modalities. The computer
software available for real time implant guidance and
planning allows for instantancous corrections of doe
inhomogeneity within the gland and avoidance of func-
tional organs that in the past we were not able to visualize,
such as the penile bulb and ncurovascular bundles. These
advances combine to allow the modern urology team
t give unprecedentedly efficacious doses of radiation
straight where the cancer occurs withour having to rely
on probability models to determine whether a radiation
dose might be effecrive.’

History of the Seed Implant Procedure

Alexander Graham Bell, in the early 1900s, speculat-
ed on the use of radioactive sources implanted directly
into tumors in order to achieve a cure for cancer.® Hugh
Hamprom Young, a noted urologist at the Johns Hopkins
Medical 5chool who is credited with performing several
of the first prostatectomies in the US also published
successful prostate tumor regression with the repeated
use of a small radium rod using a transrectal approach
in a large serics of patients who had very sympromaric
and locally advanced prostate tumors in the first quarter
of the 20th century.”® The early processes for enriching
a radioactive brachytherapy source was very expensive
and labor intensive: it was not uncil the late 1960s thar
permanent radivactive sources were available. The firsc
such sources consisted of encapsulated radon gas within
a gold container; the field has gone on to produce sev-
eral other models with characeeristics that are useful in
different clinical context.”
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In terms of clinical advances, in the 19705, the prostae
cancer group at the Memorial Sloan Kettering Cancer
Center developed a frechand technique of implancing
iodine-125 in the prostate gland using direct visualizarion.
The accurate placement of radioactive sources was not
possible because of a lack of three dimensional imaging
of the gland; in addition it was as yet unknown what the
optimal radiation dose should be which resulted in unac-
ceprably low cure rates. A retrospective analysis of chese
men has identified a subsec who did receive a high qualicy
implant. These men were found to have good,long term
prostate cancer control which is remarkable considering
that neither the PSA test nor the histological scracification
scheme (Gleason Scoring) were available.” This series
confirmed what mose brachytherapists suspected which
is that in order to achieve success a high dosc of radiation
is needed.'” Holm cral. applied the single plan transrecral
ulerasound probe to the problem of achieving a good
prostate implant in the early 1980s. By using the axial
real-time image his team could visualize needle placement
relarive to the bladder, urethra and rectum, and for che firse
time properly avoid relatively radiosensitive structures.
In addition, he used a perineal template approach rather
than the open or trans-rectal approach bringing a high
level of reproducibility and precision to the procedure.’
In the mid-1980s, chis initial image-guided technique was
further refined and popularized by the Seactle group: they
codified and widely taughra pre-planned approach which
was highly reproducible and robuse.' Their technique
required that a treatment plan was generared a few days
before implantation and was carried out in the operating
room by the brachytherapy team. A different approach
was developed by a group of clinicians at the Mount Sinai
Hospital in New York in the carly 1990s; their technigue
relied on the use of an intraoperative nomogram which
performed the implant procedure in real time. It also
relied heavily on using bach che transverse and saggital
image scts during the procedure.'?

It is generally accepted today that there should be
some form of intraoperative adjustment of a prostace
sced implant. This is usually done by evaluating the
plan mid-course or upon its near completion for areas of
under dosing and applying extra dose to these areas. In
addicion, it is common in all implane scracegies o take
into account anatomic variation during che implanc and
make reasonable modifications based on elinical judge-
ment and/or computational insights !

[sotope Selection

I'rastate brachycherapy is the only way to use radiation to
treat prostate cancer currently which avoids high radiation

doscs to the bladder, rectum, bowel, penile bulb, femoral
heads and associated vascular and neuronal strucrures,
The use of external beam radiation and proron therapy
can avoid dose to most of the above structures, bur nocall
because external beam radiation or proton therapy musc
enter the body from the outside. A low dose rare radioactive
source, if placed correctly, hasa very small area of activiry,
akin to a very small bead in three dimensional terms. The
size of the bead of radiation is determined by the isotope
selected and the baseline energy of chat isotope. A highly
active source of any isotope could give off a marble or
golf ball sized arca of biologically meaningful dose. In
the brachytherapy field most clinicians have clected to
use bead sized energy fields and isotopes, This decision
gives the clinician a very high safety threshold should a
seed be slightly out of place and it also allows the user
to place seeds very close to important structures without
damaging them.

The isoropes uscd today for prostate cancer (reatment
emit gamma ray encrgy and decay ar a rate which allows
them to become completely inactive berween two to 12
months. High-energy gamma ray sources with a long half-
life (the amount of ime it takes for half of the energy of an
isotope to decay) are used lor temporary implancs or high
dose rate (HDR) brachytherapy. Low-energy sources, with
much shorter half-lives, are used for permanent implants
or low dose rate (LDR) brachytherapy. The LDR type of
implant is commonly referred to as a seed implant where-
as the HIDR type of implant, which relies on the use of
removable catheters, is referred to as a temporary implant.

The most widely used isotopes for the trearment of
prostate cancer are jodine-125 (LDR), palladium-103
(I.DR) and iridium-192 (HDR), There are ocher isoropes
whose properties are of interest which will also be reviewed
below, bur the ficld is continuously developing and new
radionuclides such as cesium-131, gold-198, and californi-
um-252 may find a useful place in the rreatment paradigm
going forward."

Todine-125 (f-125)

Radioacrive lodine-125 has a physical half-life of 59.4
days and the photon encrgy produced by its decay is rela-
rively low, (L028MeV, The majority of its radiation (7.5
percent) will be delivered in six months and in a year it
becomes totally inactive. It can be used for monotherapy
or in combination with external beam radiotherapy. In
addirion, it is the isotope which we know most abour
because it has been in use continuously longer than the
other available isotopes,

Generally, the radioactive sources are completely en-
capsulated within a titanium eylinder. The sceds cxrernal
dimensions are 4.5 mm in length and 0.8 mm in diameter,
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with a marker inside making rhe seed idenrifiable during
fluorescopy. Most of the variability among manufacrurers
has to do wirth variations in the internal srrucrure of the
seed, These differences can manifest as differences in che
dose distribution of cach source. The oncological minimum
dose recommended for 1-125 monotherapy is 145 Gy and
100-110 Gy when used in conjunction with external beam
irradiation to 45 Gy."™'® There has been a recent develop-
ment from seed manufacturers which is to pur exrernal
structures on the outside of the standard seed in order 1o
make them more sticky within che prostate gland such as
the Capseed from Bard Urological.

Palladinm-103 (Pd-103)

Radicactive palladium-103 has a physical half-life of 17
days and photon enerey of 0.021 MV, Therefore, the dose
rate of Pd-103 is higher than thar of 1-125. The Pd-103
sced has a similar biological effect to 1-125 with minor
clinical differences. There are currently no studies thar
show that one isotope is beteer than the other in terms
ol acure and lare side effeers or oncological cfficacy.™ In
addition, both isotopes can be used in combination ther-
apy (brachytherapy plus excernal beam irradiation} where
implantacion acts as a “boost” for the total dose. Pd-103
is theoretically preferable to I-125 as salvage prostate seed
implant therapy for patients who have failed exrernal beam
radiarion therapy because the energy of the isotope is less
than I-125. The energy of Pd-103 is less penetrating and
is therefore less likely to penerrate to a heavily pre-treated
receum. Of note, the suggested dose by the American
Brachytherapy Society for Pd-103monotherapy is at least
124 Gy and 90-100 Gy when used in combination with
45 Gy of external beam irradiation.'®

Iridium-192 (Ir-192)

Iridium-192 has a physical half-life of 73.8 days and
emits high energy gamma energy of 380 KeV. Because ol'the
very high encrgy the isotope is always used for temporary
implantation in the form of transperineal catheters," The
catheters are placed through the perineum and the 1e-192
source is allowed to dwell for short pre-determined lengths
of time. Once the trearment is complete the catheters are
removed, and the source can be used on another person,

Cesirm-131 (C5-131)

Cesium-131 has now been in use for sced implane therapy
for more than 10 years. Tr has a significantly shorter half
life of 9.7 days and a gamma energy of 0.029-0.034MeV.
Radiobiology, the study of the interaction between radiarion
and normal tissues and cancers, can be used to make a per-
suasive argument that the quick delivery of 2 high dose of
radiation is the most effective way to kill prostate cancer. In
terms of normal rissues, radiobiology is instrucrtive because i

predicts chat the same quick delivery of radiarion to normal
non-cancerous tissues is deleterious. In addicion, because the
normal tissue effects which concern patients most are lare
cffeces such as erectile d}raﬁmm ion, chronic urinary borher,
rectal ulceration and Astolaearion, the vse of Cs-131 will
have to continue to be tested in a large number of patients
by high volume practitioners over many years to assure
that the advances we have made with the use of [-125 and
Pd-103 are not diminished by the widespread adoprion of
the technulogy before its late side effect consequences have
been clarified. ™ From a practical standpoint, its use had been
limited because of the need o perform the implanc wichin a
relatively serice rimeframe because of the very short half-life,

Gold-198 (Au-198)

Au-198 has a halflife of 2.69 days and gamma encrgy of
1.2MeV. The use of radioactive gold as an isotope for the
treatment of prostate cancer can be traced back to 1952 when
Flocks inserted Au-198 colloidal suspension in the gland
during an open surgery.™ The next step was the use of solid
Au-198 combined with EBRT by Carleon in 1965, and incro-
duction of transrecral ulrrasound allowed gold to be applied
also transperineally. During past years the evolution of other
cost-effective isotopes (iodine, iridium) has limired irs usage.

Californium-252 ((f-252)

CH252 has a physical half-life of 2.7 years and gamma
energy 0.7MeV. Radiosensitivity is dependent upon in-
traccllular concentration of oxygen. Cancer cells are less
saturated with oxygen than healthy ones and thus require
a higher energy source o kill them, Irradiation with high
lincar energy transfer (2-100eV) can be more effective for
poor oxygenated cells. It may be better to use neutrons with
high linear energy transfer where secondary radiarion is
formed as a result of interaction of neutrons with biolog-
ical rissue, Cf-252 neutrons can be used for chis purpose,

and that is why investigations are under way to prove chis
concept. Several problems have prevented the introduction
of CE-252 sources into clinical practice. Development of
an appropriate sized delivery mechanism and limiting
harmful radiation to medical personnel are two of them.”

Radiobiology

The goal of radiarion is ro damage DNA of cancer cells by
producing lethal double strand breaks. In order to maincain
genome stability, human cells are capable of repairing these
lesions by a process called DMNA repair, usually within a
few hours. IF this pachway is not successful, cell deach will
result.™ Cancer cells are more radiosensitive than normal
ones because they are less efficient in successful DNA repair
and more casily become synchronised in radiosensitive
phases of cell cycle.
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Brachytherapy treatment planning is based in proper
ultrasound measurement of prosaate volume and careful
idenrification of anatomic relationships. The brachytherapy
field has been using image guidance for the placement
of radioactive seeds since the mid-1980s in contrast the
modern image guided era of external beam radiation which
began when onboard imaging technology because widely
available in the early 2000s.

After che initial work of Holm who used an axial ulra-
sound for guidance in seed placement,® the private practice
from Seartle further refined his technique and developed
a preplanned ultrasound guided prostate brachytherapy
technique.'t According to the “Seartde method,” the trear-
ment plan is created a few days before the implant based
upon axial images of the prostate every five mm measurced
in the urologist’s office. These images were originally digi-
tized by physicists with the aid of computer software prior
tor the introduction of the CT scanner into the radiation
department. The plan is then used in the operating room
where the physician team attempts to put the patient in the
same position as he was when the preplan was crea ted. The
needles are inserted through the template and via perineum
into the prostate. The ultrasound is used to recreate the
preplan and make certain that the needles are positioned
in the predetermined posidons. The early implantations
of the Seartle group were performed by placing the seeds
uniformly throughout the proseate according to the Quimby
dosimetry system.™ Lacer a peripheral weighting was used
in order to achieve homogeneous dose distribution, and
avoid high doses to central part of the gland were urethra
is located so to decrease urinary complications.™

The group at Mount Sinai Hospiral developed a pros-
rate brachytherapy method called the Real — Time tech-
nique."'*"* This method is also referred o as the “nomogram
method” because it originally used a nomogram table in
order to find the proper amount of activity 1o implan.
‘The planning of this method is done in the operating room
and does not rely on a preplan. Seeds are placed mainly in
the periphery (75 percent of total activity) according to
the principles of Paterson and Parker™ in order to avoid
urethral and recral hot spots, The remaining™ percent is
placed in the interior for coverage of base and apex of
the gland. Inidally the prostate volume is measured in
the urologist’s office and used for the seed order witch an
additional measurement taken ac the beginning of the
case, The seeds are inscrred using a Mick applicator under
continuous ulerasound guidance in longitudinal imaging
thar allows for immediate adjustment of seed placement.

Borh methods have evolved substantially from their initial
approach and now integrare modern computer imaging
and dose calculation technology; the original approaches
using the limited compurter technology and low quality
imaging devices of the early 1990s have revealed during
the past two decades thae the original trearment offered
excellent long term resules. 1355

Doses

Radiation desing and dose limitations are of major
importance in order to achieve an optimal and successtul
implant. The goal of prostare brachytherapy is to deliver
the highest dose o the targer with the greatest precision.
This way tumor control is achieved and morbidicy risk
is minimized.*'"" The recommended doses of American
Brachytherapy Sociery for [-125 and Pd-103 are 145Gy
and 125Gy respectively when monotherapy is applied, and
100-110Gy and 90-100Gy respectively when brachytherapy
acts as a boost to external beam irradiation.'* Dase w a
prostate is expressed as a percentage of the volume of the
prostate in Gray units (1Gy = 100 Rads). Forexample, D90
thart is often used and represents the quality of an implanc
equals the dose received by 90 percent of proseare gland.
Fornormal tissues VGy (Fraction of volume receiving a spe-
cilic dose) is used ro assess the effects of radiarion coxicin
For example, V100 refers to the volume of a structure in
percent receiving the prescription dose,"™

Patient Sclection

Success in prostate brachytherapy depends highly on
patient selection because dose delivered by seeds travels
only a few millimerers (three to five mm) around the gland
and a small amount reaches the surrounding cissues, ™'

Low risk patients are defined as those who present wirh
PSA = 10ng/ml, Gleason = 6 and clinical stage < T2a.
This group of men has a high possibility thar the discase
is confined ro the proseare.® It is now generally accepred
that paticnts with organ conhned discase have excellenr
long term results regardless of the treatment method
employed, and the final decision should be raken by the
patiencafter taking in consideration the expecred morbidiry
aof cach procedure 2

Paticnts wich a risk of exrracapsular excension will not
be adequately treated wich implantation alone and require
further screening before appropriate treatment is selecred. IF
one or more of the following intermediate discase fearures
are present, PSA: 10-20ng/ml, Gleason 7 or clinical stage
T2b, the partient should be treated with either implanc and
short course of hormonal therapy (six monchs) or implant
plus external beam irradiation.
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High risk paticnts are patients with at least one of the
followings: PSA > 20ng/ml, Gleason score = 8, clinical
stage = T2e. Discase with owo or more of the intermediate
risk characteristics should be considered high risk and
wreated wich the high risk protocol (trimodality approach)
consisting of nine months hormonal therapy, three given
neoadjuvantly, brachytherapy boost (107 Gy) and exter-
nal beam irradiation (45 Gy). Another excellent option
is to rreat the patient wirth definirive high dosc radiation
in conjuncrion with hormone therapy to greater than
80 Gy using image guidance and intensity modulaced
radiation therapy.™*

In addition to the criteria related to the stage of the
disease, exclusion criteria for seed implant therapy were
developed mainly because the implant techniques could
not overcome very specific rechnical-anaromical problems
such as having a prostate size > 50 cm? and prior TURDP
before implantation.™*

Hormonal ‘Therapy and Brachytherapy

The basis for the use of complere androgen blockage
and prostate seed implantation came from the experience
with hormonal therapy combined with external beam
irradiation.” The mechanism of synergistic effect of hor-
monal therapy and radiation is increased therapeuric ratio,
cyroreduction and apoprotic synergism.™

Treatment Results

The results of patients undergoing proscate brachytherapy
depend on several variables. Patient selection, the use of
hormonal therapy, the addition of external beam ireadiarion
and the definition of Failure used will influence the final out-
come. Most investigators use the ASTRO definition (1997}
of three consecutive rises to identify patients failed after
radiation treatment and ochers suggest thar a nadir value of
0.2ng/ml is more appropriate. ASTRO (2006) revised the
original definition to a Zng/ml or more rise from rhe nadir
{revised Phoenix definition) suggesting thar the old definiton
was not linked to clinical progression or survival, and that
the new is not influenced by hormonal cherapy usually added
in radiation receiving patients.* Special avention should be
given to a single or double PSA value rises since not always
constitute a failure (PSA bounce). ™

Low risk patients (P5A = 10ng/ml, Gleason < 6 and
clinical stage < T2a} are the best candidates for prostate
monotherapy brachytherapy. Most investigators reporr a
76-96 percent PSA failure free rate ar 5-13 years (Table 1),

Parients presenting one of the intermediate risk features
(PSA: 10-20ng/ml, Gleason: 7 or Stage: T2b) can also be
candidares for seed implancation usually in conjuncrdon

wich hormonal therapy or external beam irradiation. Pa-
ticnts with two or more intermediate characreristics should
be considered high risk and treated with the wrimodality
protocol (hormonal cherapy, brachytherapy boost and
external beam irradiation) (Table 1). High risk patiencs
are considered those having at least one of the followings:
PSA = 20ng/ml, Gleason: 8-10, clinical stage = T2¢. Dara
from experienced groups performing brachytherapy have
reported results superior to monotherapy surgery or EBRT
in intermediace and high risk patients {Table 1).

Morbidity

Prosrate brachytherapy is a minimally invasive procedure
thar both eradicates the tumor and mainains qualicy of
patient’s life, Short and long term complications, however,
can also occur with prostate sced implantaton, The rate
and scverity reflect particular institurion’s and individual
practitioner’s experience.

Urinary retention occurs in two to 10 percentand highly
correlates with large prostate size or significant urinary
symptoms (high IP55 scores) before the procedurs, The
risk gready decreases if patients are treated with an alpha
blocker priorand after the procedure. 2,45 Persistent urinary
retention will require surgical intervention {TURP) that is
better to be performed after three to four half-lives of the
isotope are delivered (two to three months for Pd-103 and
six to cight months for 1-125). Postimplant TURDP races
are (1.8-3 percent.

Most parienes will experience voiding feritative symptoms
such as dysuria, frequency and nocruria. Their intensicy
peaks at abour one to two months postimplant, but a year
after the procedure most patienes normalize cheir urinary
complaints."** However, a late transient exacerbation of
urinary symproms may occur till the fifth year postimplane.V

Long term complications include urethral scarring,
chronic irritative urinary symptoms and urinary inconti-
nence (18 percent, associated with TURD after implanta-
tion). They highly correlate to the dose delivered to urethra
{urethral volume should receive less than 150 percent of

i 212154548
prescriprion dose).

Radiation proctitis (grade one or two) may also oc-
cur after brachytherapy (two to 24 percent) although
is usually mild™ and correlates with the delivered dose
{volume of rectum receiving prescription dose should be
less than 1.3cm?® for monotherapy patients and less than
Icm? in combination). It consists of tenesmus, urgency
to defecate and minor intermicrent receal bleeding, More
severe complications such as uleer (grade 3) or receal hstula
(grade 4} may occur after biopsy of anterior rectal wall
or electrocaurery {trearmenc acempr of recral bleeding).
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It is critically important thar patients should not have
any rectal procedures before notifying the physician chac
performed the implant.

All treatment modalities of prostate cancer cause some
form of erectile dysfunction. Seed implantation chough, has
been associared with the lowestimpotence rates. Imporence
may occur in 15 to 30 percent of patients with normal
preimplant sexual function, although a small decrease may
pccur from the third till the fifth year after implantation *
Since normal anatomy is preserved, brachycherapy patients
usually respond to the administration of sildenafl citrate
and potency rates increase furcher,™

(Genetic Predictors of Side Effects

The side effeces of prostate radiotherapy are a major con-
cern of patients undergoing this form of cancer trearment
and a main reason why some of them elect other approaches
for curing their disease. A lot of work has been done during
the last few years regarding genetic tests that predicr which
patients are most likely to develop radiation-induced

responses based on genctic alterations in genes, such as
ATM gene (Ataxia Teleangiectasia Gene). In a series of
studies ic is validated that there is a strong relationship
berween expression of ATM gene and fibrosis which in
turn is associated with increased urinary symproms, erec-
tile dysfunction and receal bleeding, These inirial findings
may prove critically important in the future and genetic
screening of patients might serve as a predictor of presence
or severity of side effects afier prostare brachytherapy

or EBRT.**

Conclusions

Permanent radioactive prostate sced implantation is
accepred as a safe and effective treatment modality for
localized prostate cancer thar maincains the patient’s
quality of life.” Well concrolled randomized rtrials are
needed to determine if it is better than a modern robortic
radical prostatectomy.

Table 1: Freedom from PSA failure (rate percent) after only brachytherapy or in combination with
external beam irradiation and/or hormonal therapy in low, intermediate and high risk patients.

Patient Follow-up PSA definition
Author Number Risk Treatment Rate (percent) (years) of failure (ng/ml)
Low: 1-125 BTx, s g .
i Low: 441 : £ = Low: 76 ASTRO modihed
Ragde Highi7g, | LowHigh | High PA 10555 High: 80 - (3rd PSA rise > 0.5)
Mo HT B
Low, . Low: 93
Critz™ 1469 Intermediare, BT::] X I'_ill?rm Intermediare: 80 10 = 0.2
High = High: 61
Low, Low: 85 .
Sylvester” 232 Inrermediare, BTx + ERBET Intermediate: 77 10 I:i‘i:m] I'I'J.:!nr]d'.i.:d:I
H[Eh [.th: 45 L NECCUTIVE TISCS,
Lo,
Stone™ 279 Intermediate, BTz + HT 78 10 ASTRO
High
Lovw, Lowr: 96
Al - = -
Zelefsky 367 i .lntcrm:diau: 12, Intermediare; 89 - 2 debs
Tow, Low: 89
Sharkey®? 1707 Intermediare, BTx Intermediace: 89 12 ASTRO
High _ High: 78 -
Stock® 132 High B 2 fF’F‘T " 86 5 ASTRO
Drateali™ 243 High BTx + EBET 81 13 = 0.2

(Bx: brachytherapy, EBRT: external beam radiation therapy. HT: hormonal therapy)
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