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There is now considerable evidence to suggest that technical innovations, 3D image-based plan-
ning, template guidance, computerized dosimetry analysis and improved quality assurance practice
have converged in synergy in modern prostate brachytherapy, which promise to lead to increased
tumor control and decreased toxicity. A substantial part of the medical physicist’s contribution to
this multi-disciplinary modality has a direct impact on the factors that may singly or jointly deter-
mine the treatment outcome. It is therefore of paramount importance for the medical physics
community to establish a uniform standard of practice for prostate brachytherapy physics, so that
the therapeutic potential of the modality can be maximally and consistently realized in the wider
healthcare community. A recent survey in the U.S. for prostate brachytherapy revealed alarming
variance in the pattern of practice in physics and dosimetry, particularly in regard to dose calcula-
tion, seed assay and time/method of postimplant imaging. Because of the large number of start-up
programs at this time, it is essential that the roles and responsibilities of the medical physicist be
clearly defined, consistent with the pivotal nature of the clinical physics component in assuring the
ultimate success of prostate brachytherapy. It was against this background that the Radiation
Therapy Committee of the American Association of Physicists in Medicine formed Task Group No.
64, which was charge() to review the current techniques in prostate seed implant brachytherapy,
(2) to summarize the present knowledge in treatment planning, dose specification and ref®rting,

to recommend practical guidelines for the clinical medical physicist,(@ntb identify issues for

future investigation. ©1999 American Association of Physicists in Medicine.
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Key words: brachytherapy, interstitial brachytherapy, prostate seed implant, quality assurance,
standards of practice

TABLE OF CONTENTS 1. Ultrasound volume study.............
2. Pubicarch................ ... ... ...

GLOSSARY OF ABBREVIATIONS. ............ 2055 3. Seed distribution . ............... ...,
[. INTRODUCTION. . ... 2055 4, Urethra. ...,
II. REVIEW OF CURRENT TECHNIQUES....... 2057 5. Rectum. ............ i
A. Overview of contemporary techniques....... 2057 6. Dosemargin. . ...
B. Treatment planning techniques........... 2057 7. Intraoperative planning...............

Med. Phys. 26 (10), October 1999 0094-2405/99/26 (10)/2054/23/$15.00 © 1999 Am. Assoc. Phys. Med.

. 2059

2054



2055 Yu et al.: Task Group No. 64 2055

C. Equipment and applicators. . .............. 2060 D. Changes to the dose value due to TG43... 2070
D. Source type, assay and preparatian.. .. . ... 2060 E. Dosimetric planning. ............. ... ..... 2070
E. Implantation procedure................... 2062 F. Implantation procedure................... 2070
F. Postimplant dosimetry................... 2063 G. Patientrelease. ........... ... ... ... ... 2070
1. Rationale............ .. ... .. . ... 2063 H. Postimplant analysis..................... 2070
2. Technicalissues. .................... 2063 I. Training requirement for physics personnel. 2071
lll. REVIEW OF DOSIMETRIC ASPECTS....... 2064 J. Recommendations regarding commercial
A. Historical perspective on dosimetry. .. ... .. 2065 treatment planning systems .............. 2071
B. Dosimetry datarevisian.................. 2066 V. ISSUES FOR FUTURE CONSIDERATION..... 2071
C. Dose specification and reporting.......... 2066 A. Anisotropic dose calculation.............. 2071
D. Dosimetric uncertainties. ................. 2067 B. Interseed effect .............. ... .. ..... 2071
E. Treatment plan evaluation................ 2067 C. Tissue heterogeneity. .................... 2072
T 2067 D. Biological models. . ...................... 2072
2. Dose uniformity. . ............ ... ... 2068 E. Relative biological effectiveness. .......... 2072
3. Dose conformity. .. ................... 2068 F. Time course of target volume change....... 2072
4. Dose-volume histogram. .............. 2068 G. Differential dose planning and delivery. . ... 2072
F. Treatment plan optimization.............. 2068 H. Intraoperative seed localization and
IV. CURRENT RECOMMENDATIONS. ......... 2069 dosimetry........... i 2073
A. Equipment. ... 2069 I. Correlation of dosimetric and clinical
B. New radionuclide designs. ............... 2069 OUICOMES. . . .o ot 2073
C. Seedassay.......oovvviiiiininnannann. 2070 ACKNOWLEDGMENTS . ....... ...t 2073
GLOSSARY OF ABBREVIATIONS whereas the mPD usually corresponds
to a prescribed dos®,,¢oas determined
ADCL Accredited  Dosimetry  Calibration from postimplant dosimetry may be sig-
Laboratory. nificantly different from the prescribed
D100,D90.Dgo Dose to 100%, 90%, 80% of the target dose. _
volume for dosimetric evaluation. NIST National Institute of Standards and
DVH Dose-volume histogram. Technology. _
Gleason score A pathological grading system for meaPSA Prostate specific antigen.
suring the degree of differentiation of v Planning target volume. .
prostate tumors. SmPD Totgl source strength reqwred to
MPD Matched peripheral dose, typically used achieve 1 Gy in the mPD, typically used
in conjunction with the ellipsoidal ap- in dosimetric planning and optimiza-
proximation for the prostate volume. tion.
mPD Minimum peripheral dose. Used in 1RYS Transrectal ultrasound.
dosimetric planning, the mPD corre- V500, V100, Vog: Vg (fractiona) \(olum_e of the prostate tar-
sponds to the isodose surface that just get for dosimetric evaluation that re-
encompasses the planning target vol- ceived 200%, 100%, 90%, 80% of the
ume. This report recognizes that prescribed mPD.
[. INTRODUCTION formed using iodine-125 and palladium-103 sources under

Adenocarcinoma of the prostate is the most common ma”gi_maging and template guidance to deliver localized irradia-
nancy in man in the United States, excluding skin cancertion to high doses. For selected patients, seed implantation
The American Cancer Society estimated that 184,500 ne@lone offers a complete course of treatment; for others, it is
cases of prostate cancer would be diagnosed in the U.S. ks€d in conjunction with external beam radiation therapy to
1998. Growing emphasis on prostatic specific anti(BA) the pelvis. Based on PSA screening data in 1991 to 1993, it
based early detection and changes in the population dem#as estimated that up to 10% of all newly diagnosed prostate
graphics in the U.S. suggest that the number of newly diagcancer patients would be considered ideal candidates for seed
nosed cases would continue to increase each year. In th@plantation as definitive radiotherapy managentent.
treatment of prostate cancer, there is now a broad resurgence The techniques for permanent interstitial prostate brachy-
of interest in the role of permanent interstitial implantation oftherapy evolved in two distinct eras. Historically, seed im-
radioactive seeds. Prostate seed implants are currently pgrlantation was performed by free-hand placement of seeds in
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an open surgical procedure via the retropubic apprédtr.  tumor-positive biopsies postimplantation and/or distant me-
simetric planning was limited to the use of nomographs fol-tastases, most of the large published séti€&82° have
lowing intraoperative measurement of the size of the prostatshown PSA-based control rates comparable to prostatectomy
gland®~° The total activity to be implanted was determined or external beam radiation. A notable study by Vijverberg
using the average dimensions of the prostate. Postimplaet al>* examined biopsy findings postimplantation and the
dosimetry was analyzed in terms of the matched peripherajuality of the implant in terms of the minimum dose deliv-
dose(MPD), defined as the isodose surface that would coveered to the prostate. They reported significant correlation be-
a spatial volume numerically equal to the volume of thetween the implant quality and the resulting negative biopsy,
prostate inferred from the ellipsoidal approximatfo®ver-  and between the implant quality and the serum PSA during
all, the open surgical technique suffered from substantial unfollow-up. One of the major advantages of seed implantation
certainties in dosimetric planning, implant execution andhas been the lower morbidity rates compared to radical pros-
dose evaluation. In contrast, contemporary techniques faiatectomy and external beam radiation therapy. The use of
prostate brachytherapy rely on three-dimensiori@aD) contemporary techniques has further reduced treatment-
image-based treatment planning and real-time visualizatiorelated morbidities. Urinary or rectal complication and
of needle insertion and/or seed deposition. Seed implantatiosexual dysfunction are generally reported to be relative low
is performed under template guidance via a transperineal afr many recent studie$=>° Careful treatment planning and
proach in a percutaneous procedure typically performed imxecution are expected to further reduce treatment-related
an outpatient surgical setting. Holet al.” first described the morbidities.
use of transrectal ultrasouf@RUS) for precise guidance of In summary, there is now considerable evidence to sug-
transperineal seed insertion in 1983. The technique was fugest that technical innovations, 3D image-based planning,
ther popularized by Blasko, Grimm, Ragde andtemplate guidance, computerized dosimetry analysis and im-
co-workers$$~% and has evolved into the most popular mo- proved quality assurance practice have converged in synergy
dality for prostate seed implantation to date. Characteristic oin modern prostate brachytherapy, which promise to lead to
the technique is the use of TRUS for preoperative dosimetritncreased tumor control and decreased toxicity. A substantial
planning and intraoperative visualization of needle placepart of the medical physicist's contribution to this multi-
ment. A somewhat different technique, developed by Wall-disciplinary modality has a direct impact on the factors that
ner et al,'>'? uses computerized tomograpt@T) to iden-  may singly or jointly determine the treatment outcome. It is
tify the target volume for treatment planning; intraoperativetherefore of paramount importance for the medical physics
needle placement is verified under fluoroscopy using the uresommunity to establish a uniform standard of practice for
thra as the primary landmark. Compared to the open surgicglrostate brachytherapy physics, so that the therapeutic poten-
technique, these contemporary techniques place consideralilal of the modality can be maximally and consistently real-
emphasis on 3D conformal dosimetric planning and precisézed in the wider healthcare community.
placement of the planned seed configuration in the patient. Prostate seed implantation is the permanent placement of
Greater emphasis is also placed on careful patient selectiaadioactive seeds in the prostate using interstitial brachy-
based on serum PSA levels and Gleason scores. therapy techniques. However, it differs from traditional
The clinical experience associated with the retropubidorachytherapy in three important aspects: 3D anatomy-based
technique has been a subject of active investigdtioft The  dosimetric planning, real-time diagnostic imaging guidance
clinical results of long term studies with 10-15 year and fast dose fall-off due to lower energy radionuclides. In
follow-up have been mixed, partly because the techniques aiddition, it differs from remote-controlled high dose rate
seed implantation and hence the implant qualities were quitbrachytherapy in that the radioactive source strength distri-
varied. In particular, Zelefsky and Whitmdferecently re-  bution is less amenable to optimization and alteration. These
ported the final assessment of the 15-year outcome of theonsiderations lead to the unique nature of prostate seed im-
historical series of retropubic freehand implants performed aplant, which may be characterized as precision-oriented yet
the Memorial Sloan-Kettering Cancer Center. They con-dosimetrically sensitive. To the majority of brachytherapy
cluded that the technique was associated with a greater thaomactitioners, image-guided interstitial implantation is a rela-
expected incidence of local relapse at 15 years, and identifietively new treatment technique. A typical implant team con-
suboptimal dose distribution due to technical limitations assists of the radiation oncologist, the medical physicist, the
the possible cause of the unfavorable outcome. Na#i?*  urologist and/or the ultrasound radiologist. At present, most
examined the 3D dose distribution of 110 prostate implant®f the practitioners acquire technical proficiency through a
performed at Yale—New Haven Hospital in this era. Theyshort training course followed by actual patient treatment.
identified a number of dosimetric quality indicators to which There is as yet no uniform requirement either in the training
statistically significant differences in local recurrence-freecurriculum or within the medical physics profession regard-
survival could be attributed. Patients in the dosimetricallying adequate understanding of the unique physics issues in
favorable group had 10-year survival rates higher by a factoseed implantation. An extensive survey by Pretal° in
of up to 2 compared to those in the unfavorable group. Rethe U.S. for prostate brachytherapy revealed alarming vari-
view of the contemporary transperineal experience usin@nce in the pattern of practice in physics and dosimetry, par-
template and image guidance is still ongofig®® While ticularly in regard to dose calculation, seed assay and time/
some early studiéé®! indicate significant proportions of method of postimplant imaging. Because of the large number
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nent prostate seed implant. It should be emphasized that this

| Planning TRUS/CT/MR ‘ . . . . .
Dosimetry Dose is a rapidly evolving treatment modality and an area of active
Approprisc Y Specticaion investigation. Much of our current knowledge in optimized

Source

Computerized Dosimetric Planning |A/ Prescriptioy treatment planning, intraoperative uncertainties, the time

* course of prostate volume change, correlation of radiological
studies of the prostate, and postimplantation analysis is based

‘ on research efforts which are still ongoing. The intention of

LDelemnine Numbser and Strength of Seeds

* ~ this report is therefore to guide the practicing medical physi-
L()rderandReceiveSeeds | cist in successfully implementing or improving the prostate
* Y implant procedurg, qnd tlo provide a survey of the current
| —y— . standard of prqctlce in this e\{olvmg field. '
. e O The remaining parts of this document are organized as
follows: Sec. Il provides a practical review of the current
> techniques in ultrasound-guided seed implantation; Sec. Il
o | o | S ‘ reviews the dosimetric aspects of prostate brachytherapy,
a with an emphasis on the present knowledge in treatment
planning, dose specification and reporting; Sec. IV contains
* / the summary of recommendations; Sec. V discusses issues
| Verify Prostate Positioning in OR vs. Preplan for future consideration.

Y

Implantation (interpret/adjust/re-optimize dosimetric plan,

II. REVIEW OF CURRENT TECHNIQUES

tally seeds, radiation safety supervision, radiation survey) A. Overview of contemporary techniques

The major goal of prostate brachytherapy is to deliver a
y tumoricidal dose to the cancer-bearing prostate while mini-
Postimplant Simulztion/CT/MR mizing urinary and rectal morbidities. The specific aims are
* to design the optimal treatment plan using 3D anatomical
I _ information, to implement the treatment plan intraoperatively

Computerized Dosimetric Analysis, . .. . .
Dose Reporting with precision, and to analyze the dosimetric outcome

postimplantation. Contemporary prostate brachytherapy is a
Fic. 1. Process flow diagram for a preoperatively planned prostate seehulti-disciplinary treatment modality, in which each member
implant. of the implantation team brings specialized knowledge that
promotes the clinical goal. Figure 1 delineates the flow of
events pertinent to the medical physicist in this treatment
of start-up programs at this time, it is essential that the rolegnodality. The role of the medical physicist spans the entire
and responsibilities of the medical physicist be clearly deprocess of patient treatment, from the planning volume
fined, consistent with the pivotal nature of the clinical phys-study, dosimetric planning, seed preparation, to intraopera-
ics component in assuring the ultimate success of prostai@e consultation and radiation safety supervision, and

brachytherapy. postimplant dosimetry.
It was against this background that the Radiation Therapy

Committee of the American Association of Physicists in
Medicine formed Task Group No. 64, which was char¢Bd
to review the current techniques in prostate seed implant Computerized treatment planning plays an important role
brachytherapy(2) to summarize the present knowledge inin modern prostate brachytherapy. Careful dosimetric plan-
treatment planning, dose specification and reportiBgyto  ning leads to smooth and expedient implantation, and re-
recommend practical guidelines for the clinical medicalduces the likelihood or extent of normal tissue radiation
physicist, and4) to identify issues for future investigation. damage. The process of dosimetric planning is especially
Although high dose rat¢éHDR) brachytherapy for prostate helpful to the implant team in the early stages of implement-
cancer has certain similarities with permanent seed implaring the prostate brachytherapy program. It allows the practi-
tation, the topic is beyond the scope of this Task Group. Thigioners to contemplate the technical and dosimetric issues
report represents the work of the AAPM Task Group No. 64 presented by each case and make adjustment, if necessary,
The report has been approved by the Radiation Therapgrior to implantation. Although it is time consuming, the
Committee and the Science Council. planning process requires the team to give prior consider-
The dosimetry formalism for interstitial brachytherapy ation to the patient's anatomy and any technical problems it
was standardized by the AAPM Task Group No.*43 may present. It allows the team to formulate a plan that will;
code of practice for brachytherapy physics in general wasl) provide coverage of the entire target volume by the pre-
outlined by Task Group No. 58. The present report will scribed dose while keeping the rectal and urethral doses
address the clinical medical physics issues unique to permavithin acceptable tolerance&?) control dose inhomogene-

B. Treatment planning techniques
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ity, and (3) keep the implant as technically simple as pos-based technique, the ultrasound probe is first moved to an
sible. The following topics are important in planning the im- axial slice on which the pubic bone-soft tissue interface is

plant: visible. The location of the pubic arch is traced on the ultra-
sound screen using the cursor. The probe is then moved lon-
1. Ultrasound volume study gitudinally to visualize the entire prostate on successive axial

. slices, with the tracing of the pubic arch overlaid on the

The ultrasound volume study used to plan the implant IS|mages. The advantage of this technique is that it can be

qsua[ly obtained ho earlier thap 2-3 weeks beforg Implanj[aéombined with the volume study, with the patient in the
tion, in order to limit changes in the prostate, particularly if

the patient is under hormonal therapy. If it is not possible tOtreatment position. However, it is harder to precisely identify

comply with this time interval(e.g., due to a shortage of the pubic arch on ultrasound compared with CT.
seedy a second volume study and computerized treatment o
plan may be performed before implantation. The volumeS: Se€ed distribution
study consists of consecutive axial images obtained at 5 mm Different types of seed distributions are in current use and
intervals from the base of prostate to the apex, with the tema consensus on the optimal seed distribution does not exist.
plate hole pattern superimposed on each image. Practitionef$e classic approach is to space the seeds 1 cm apart, center-
who enlarge the planning target voluniéTV) beyond the to-center, throughout the prostate. This approach, referred to
prostate often start 5 mm superior to the base and end 5 mas uniform loading requires a higher number of lower
inferior to the apex. In either case, a sagittal ultrasound imstrength seedgypically 0.4 to 0.5 U seed fol*¥, 1.2 to 1.5

age is often obtained for base-apex length measurement td seed for®¥d), and is characterized by relatively high
assure that the proper number of slices are obtained. A mendloses in the center of the prostate.modified peripheral

ber of the physics staff is usually present to ascertain that thimading some seeds in the central portion of a uniformly
patient is set up in such a manner that a satisfactory plan cdnaded implant are deleted to reduce the central dose. This
be developed from the volume study. Specific parametermay require increasing the strength of the remaining seeds or
that are checked includé€l) the angle of elevation of the decreasing the needle to needle or seed to seed spacing in the
patient’s legs in the stirrup$2) the alignment of the ultra- periphery.Peripheral loadingis an alternative approach in
sound probe with respect to the prostate in all of the ultrawhich the seeds are preferentially limited to the periphery of
sound images, such that implant needles, which are insertdtle prostate. This requires a substantial increase in seed
parallel to the probe, do not traverse the rectal w@l;the  strength(typically 0.75 to 1.0 U/seed fot*™, 2.0 U/seed or
superposition of the template hole pattern on the contours diigher for°3d). The end result is to produce a dose mini-
the prostate. In particular, the most posterior aspects of themum (albeit above the prescribed minimum dpsestead of
prostate need to be within or very close to the posterior rova dose maximum, at the location of the urethra.

of template holes in order to adequately cover the prostate by

the prescribed dose. 4. Urethra

The planning volume study ideally includes adequate lo- . . Lo .
calization of the prostatic urethra on each axial slice. The The prostatic urethra is readily visualized on TRUS and

seed configuration is then designed to avoid implantation a?T s.tud|es when_ a Foley catheter s left |nQWeII|ng during
or near the location of the prostatic urethra. Imaging. Alternatively, aerateq gel injected into the l_Jrethra
can act as a contrast-enhancing agent under TRUS imaging.
. In order to plan the treatment to avoid direct implantation
2. Pubic arch near the urethra or to calculate the dose received by the ure-
The first consideration in the planning process is to deterthra, the entire length of the prostatic urethra needs to be
mine the degree of pubic arch interference. The pubic archisualized. Based on the study by Wallreral, it appears
may “shadow” the anterior and lateral portions of the pros-that the maximum urethral dose and the length of the urethra
tate, making it difficult or impossible to implant seeds in that receives greater than 360 Gypnverted from 400 Gy of
these locations. If this restriction exists, the brachytherapispre-TG43 dose for'?¥) are significantly correlated with
may angle the template and ultrasound probe assembly ®RTOG grade 2—3 urinary morbidity. In another study, Desai
achieve better needle access. However, the ability to correett al*® reported that acute urinary morbidity in 117 patients
this problem is limited. Severe pubic arch interference istreated with'?® implants correlated with the dose-volume
considered a contraindication for performing the implant. histogram of the prostate as well as doses delivered to% cm
Both CT and TRUS have been used to detect pubic arcbf the urethra as measured by the dose-surface histogram.
interference. In the CT-based technique, the largest extent éfdditional studies incorporating more patients, different ra-
the prostate is manually projected onto the axial slice condionuclides and various seed loading patterns will aid the
taining the pubic arch. If significant overlap exists betweendetermination of the dose tolerance to the urethra.
the two structures, pubic arch interference is likely to be Treatment plans are commonly devised to limit the ure-
encountered. A shortcoming of this technique is that the pathral dose whenever possible. To accomplish this goal, seeds
tient is not in the lithotomy position during the CT study, are not placed in close proximity to the urethra. In addition,
thus the relationship between the prostate and the pubic ardome seeds in an otherwise uniformly loaded implant may
may be slightly different during implantation. In the TRUS- have to be deleted to achieve this goal.
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5. Rectum

Order and Receive Seeds

Patient Selection: Volume Study and
Pubic Arch Interference

The anterior wall of the rectum is adjacent to the prostate,
which makes it difficult to deliver the prescribed dose to the
posterior periphery of the prostate without delivering an
equivalent dose to the most anterior portion of the rectum.
Placing the seeds too close to the rectal wall may increase
the risk of ulceration, whereas the extreme posterior portion .
of the prostate may be underdosed if the seeds are placed to Ny
far away. Particular attention is given to the recto-prostatic
interface in planning the implant. The physicist aims to cover \4 l
the entire prostate while keeping the volume of the rectal- Intraoperative Computerized Dosimetric Planming and Optimization
wall that receives the prescribed dose as small as possible (following patient setup, prostate stabilization and volume study)
Special care is taken where seeds must be positioned near th
recto-prostatic interface, especially if peripheral loading is

. . . . Implantation (interpret dosimetric plan and OR worksheet,
employed using higher activity seeds. tally seeds, radiation safety supervision, radiation survey)

According to a dosimetric study by Wallnet albased on
CT scans taken 2—4 h after implantatithe rectal surface

Load or Sterilize
Seeds Seeds

v

that receives greater than 90 @yonverted from 100 Gy of Y
pre-TG43 dose for?¥) appears to correlate significantly Postimplani Simulaton/CT/MR
with rectal bleeding or ulceration. This study suggests that i
either the dose-surface histogram or the amount of the recta Computerized Dosimetric Aualysis,

wall that receives greater than 90 Gy is a useful parameter in Dose Reporting

dosimetric planning and analysis. Again, further studies in-

corporating more patients, different radionuclides and diﬁer'Equlazﬁtprocess flow diagram for an intraoperatively planned prostate seed

ent seed loading patterns will aid the determination of the
rectal dose tolerance.

operative plan. Appreciable change in prostatic volume or
6. Dose margin position can occur following the insertion of stabilizing

Due to seed placement uncertainties that are inherent {3€€dl€s, introducing yet another source of error in imple-
the implant procedure, the percentage of the prostate volunf@€Nting the preoperative plan. - _ .
that is covered by the prescribed dose is almost always less |1€S€ problems can be alleviated by the technique of in-

than planned. Thus, if the prescribed dose and coverage a}r@operat.ive optim_ized treatment planrjiﬁgNith the patien_t .
to be achieved it may be necessary to “over plan” the im-anesthetized and in the treatment position, the prostate is first

plant. This is achieved in a variety of ways: by using a p|an_stabilized using implantation needles. A complete TRUS

ning volume that is larger than the prostate volufwaich is volume st_udy follows, from which images are transferred to
also justified by the known incidence of extracapsular extentN€ Planning computer and segmented. The treatment plan-
sion of diseasg by increasing the total activity implanted by

about 15%, or by increasing the number of seeds or seethsie I. Equipment requirement for the prostate seed implant program.
strength until the prescribed isodose line lies several milli

meters outside the prostate. All of these methods effectivel}/lick applicator technique Pre-loaded needle technique
constitute a planning integral dose escalation. Thus, the de- Capital equipment
cision to plan a dose margin is tied to the prescribed dos#/ell-type ionization chamber Well-type ionization chamber
itself. GM or scintillation detector GM or scintillation detector
lon chamber survey meter lon chamber survey meter
. . Computer treatment planning Computer treatment planning system
7. Intraoperative planning system
Although preoperative dosimetric planning has been &’!trasound unit Ultrasound unit

ity standard i d tate b hvth th.Stabilization device/attachment Stabilization device/attachment
community standard in modern prostate brachytherapy, thig,; oscopy unit Fluoroscopy unit

two-step process from the planning volume study to implanyick applicator
tation contains several sources of uncertainties. The patient Suooli g o

" . . . er ) upplies and consumables
p03|t|qn in the plannlng volume .StUdy i difficult tO_ .remo Loading block, cartridges Needle bafgptiona) needle
duce in the operating room, leading to ad hoc modifications loading device
of the treatment plan at the time of implantation. Anesthesiaeed carrier Seed sterilization container
may result in relaxation of pelvic musculature and conseMick-compatible needles Needles
quent change in prostate shape compared to the contour of§ptiona) st§b|l|zat|on needles  (Optiona) stabl!lzatlon needles
tained in the volume study without anesthesia. Furthermorege".erse action tweezers Reverse action tweezers

. . adioactive seeds Radioactive seeds

the prostate may undergo volume change in the interval be- Spacers and bone wax
tween planning and implantation, which invalidates the pre

Medical Physics, Vol. 26, No. 10, October 1999
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ning system is invoked to produce optimized dosimetricpubic arch. It is important that similar stirrups are available
plan, which is subsequently reviewed and approved by théo achieve the same patient position during the implantation
physicist and the radiation oncologist in the operating roonprocedure in the operating room, so that the relationship of
before seed placement takes place. the prostate and the adjacent organs can be accurately and

Intraoperative computerized planning allows several magquickly reproduced. The patient is prepared for the volumet-
jor steps to be streamlined. Specifically, preoperative planric study using Fleets enema, and may be catheterized using
ning can be reduced to a screening of pubic arch interferenca Foley catheter with saline injected into the bladder and the
and a volumetric measurement to estimate the maximum td-oley bulb in order to identify the urethra. Alternatively,
tal source strength required. Seed inventory can be consolaerated gel may be injected as a contrast agent to identify the
dated to the same batch for a group of patients, which redrethra by ultrasound.
duces the variance for waste. Figure 2 shows the modified A lubricant(such as K-Y jelly™ is needed to help intro-
flow of events pertinent to the medical physicist under theduce the rectal probe into the rectum. Topical anesthesia
intraoperative technique. Most notably, intraoperative dosi{such as Lidocaine jelly"may be needed for sensitive pa-
metric planning is a critical step in this treatment techniquetients. A small amount of saline or coupling jelly should be
where the medical physicist occupies an important role in thénjected into the condom over the rectal probe for improved
intense decision-making process. imaging quality and positioning of the posterior prostate cap-
sule in the ultrasound image. Too much saline in the condom
may however cause distortion of the prostate and the neigh-
boring anatomy. The amounts of saline injected into the

Equipment for ultrasound-guided prostate implants in-bladder, the Foley bulb, and the condom may be recorded, to
cludes the ultrasound machine, the rectal probe, the steppirizgg reproduced in the implant procedure.
device/probe carrier, the perineal template, and the stabiliz-
ing mechanism(see Table ). The ultrasound machine is D. S ¢ d i
typically a portable unit, and contains a seed implant soft-"" ource type, assay and preparation
ware package such that a grid pattern can be displayed on the % and °3Pd sources are comparable in photon energy,
screen. The stepping device allows the rectal probe to beapsule dimensions and dose distributitiil and 1°3Pd are
attached to the stabilizing mechanism while permittingencapsulated in titanium and delivered as sealed sources
movement in and out of the patient’s rectum in precise stepg.‘seeds”). They are similar in siz€4.5 mmx 0.8 mm outer
The needle template has holes accepting 17 gauge or XBmensions for 1 model 6711 seeds and 4.5mm
gauge needles, arranged typically in a 13 by 13 matrix, at 5<0.81 mm for°3d model 200 seeyisBoth 29 and °%d
mm spacing. The template may be designed to mount didecay via electron capturé and %Pd are currently pro-
rectly to the rectal probe in some commercial systems, irduced by nuclear reactors and cyclotrons, respectively.
which case it moves together with the probe, or it may be The 2% decay scheme results in the emission of photons
mounted on the probe carrier, in which case it remains stawith energies of 27.4 keV1.15 photons/disintegratipn31.4
tionary with respect to the perineum as the probe is movedkeV (0.25/dig and 35.5 keM0.067/di3.*® At the time of this
In either case, the holes on the needle template correspond teport, the seed type most commonly used for prostate im-
the grid points displayed on the TRUS monitor screen. Theplants is model 6711, which contaitd® in the form of
stabilizing mechanism immobilizes the entire rectal probekilver iodide deposited on the surface of a silver rod. This
carrier/template system against the operating table or floosilver rod also serves as a radiographic markét. model
to prevent unintentional motion of the probe and needle tem6711 seeds therefore also emit fluorescent x-rays resulting
plate during the implant procedure. The template is placed d&om photoelectric interaction in the silver rod, the energies
close proximity to the perineum to minimize needle splayingof which are 22.1 ke\(0.15/dig and 25.5 keV(0.04/dig.
in the target volume. The average energy for all emissions is approximately 27.4

Ultrasound equipment is now available that can displaykeV, which results in a half value layer in lead of approxi-
the sagittal as well as transverse planes of the prostate vatrately 0.025 mm. The self absorption of this assembly is
ume. This feature has been found to be helpful in identifyingapproximately 37.5%. Therefore, contained activity is ap-
the superior prostate capsule to guide individual needle inproximately 1.6 times the apparent activity. The air kerma
sertion, in visualizing the movement of the prostate volumestrength used for prostate implants is commonly between 0.4
as needles are inserted, and in confirming that the seeds amad 1.0 U(0.3—0.8 mCj per seed. The halflife df¥ is 59.4
deposited correctly at the cephalad-most portion of thelays; ninety percent of the total dose is delivered in 197
prostate> 47 days.

Equipment required for the prostate volumetric study in- 1°Pd emits characteristic x-rays of 20.1 ké¥.656/di3
cludes “stirrups” to support the legs and an examinationand 23.0 keV/(0.125/di3.*® The half value layer in lead is
table that allows the mounting of stirrups. The patient is se0.008 mm. The active radionuclide is plated onto two graph-
up in an extended lithotomy position on the examinationite pellets on either side of a lead radiographic marker within
table, with the thighs at approximately right angles to thethe titanium capsule. Each end of the seed is cupped inward
body. This rotation of the pelvic bones allows better access$i.e., it is concave This is a salient feature of tH8%Pd seeds
to the prostate, and helps avoid needle obstruction by thand therefore can be used to uniquely identff§Pd seeds.

C. Equipment and applicators
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(Other seeds are convex where the two end welds meet tHenger than the sheath, with a trocar point. Needles used in
main source body.The self-absorption of the seed is statedthe pre-loaded technique have a sharp beveled point, and a
to be 54% by the manufacturer, indicating that the containedlunt stylet that is slightly shorter than the needle. A mark is
activity of 1°Pd in each seed is approximately 2.2 times thetypically present on the end of the needle to indicate the
stated apparent activity. The air kerma strength commonlylirection of the bevel at the tip. This can be helpful in that
used for prostate implants is between 1.4 to 2.2l11 to 1.7  the needle track may be made to deflect slightly toward the
mCi) per seed. The half-life ofPd is 16.97 days; 90% of beveled direction, if so desired. The needles and stylets also
the total dose is delivered in 56 days. have centimeter markings to help visually determine the
AAPM Task Group No. 56 recommends that 10% of thedepth of needle insertion, and the length of the needle that is
seeds be assay&tThere are several seed assay methodsilled with seeds and spacers. The first 0.5-1 cm of the
that address the special circumstance in which a large nunmeedle is usually sand-blasted for increased ultrasonic
ber of loose seeds are contained in a shipment. Seeds can éehogenicity. If the image of the needle tip on ultrasound is
assayed in bulk, or in cartridgé%In addition, an autoradio- used to infer the actual needle depth, it is important to assess
graph can be taken with a large number of seeds to compathe precise depth where the needle first appears under ultra-
the resulting film density. This film method, in conjunction sonic imaging; otherwise a systematic positioning error of
with the well chamber seed assay, assures that the seeds &&-1 cm can occur.
of uniform strength. Seeds in suture are delivered sterile, In the Mick applicator techniqué?™ or 1°°Pd seeds are
thereby complicating the assay procedure. A calibrationoaded into the Mick-compatible cartridges using the loading
check may be performed on single nonsterile seeds from thielock and a pair of reverse action tweezers. The loaded car-
same batch as a given shipment of seeds in suture and dridges are then screwed into either the loading block or the
dered expressly for this purpose. Alternately, a sterile inserseed carrier and sterilized. Some seeds are commercially
to the standard dose calibrator can be used to directly assayailable in pre-loaded plastic cartridge inserts that are com-
seeds in suture, as described by Feygelrmgal®™ and by  patible with the Mick applicator. Use of such pre-loaded in-
Butler et al>! The advantage of the latter techniques is thatserts minimizes radiation exposure to the personnel and the
sterility may be maintained while a sufficient number of time required for loading the cartridges. The user's well
seeds are assayed. chamber calibration factors may, in this case, be obtained
Unlike seeds in suture, loose seeds are not sterile anspecifically for such pre-loaded cartridge inserts.
need to be sterilized prior to use. The method of sterilization The pre-loaded needle technique requires longer time for
depends on the implantation technique. If preloaded needlgweparation. In this case, the radioactive seeds and spacers
are used, the seeds are sterilized prior to loading. After steiare loaded into sterilized needles as specified by the treat-
ilization, the needles are loaded under sterile conditions, ofment plan. The loading pattern of seeds vs. spacers for each
ten in the operating room. If the Mick applicator is used, theneedle may be printed on a diagram to facilitate the loading
seeds can be loaded into cartridges prior to sterilization. Thprocess. The needle tip is plugged with a piece of surgical
sterilized cartridges are then taken to the operating roomhone wax or rectal suppository. The length of the wag-
ready for use. proximately 5 mm should be accounted for when depositing
Seeds are commonly sterilized in an autoclave. Flash stethe seeds into the prostate. The loaded needles are then
ilization can be used, or longer duration steam sterilizatiorplaced into a sterilized needle box, ready for implantation.
may be opted if time and availability allow. Flash steriliza- Various needle loading devices are commercially available
tion is done in the autoclave at 270 ¢E33 °Q at 30 PSI for  that aim to reduce the amount of time required for loading
at least 3 minutes. The conventional autoclave cycle ishe needles, permit visual verification of the loading pattern,
250°F(121°0 at 15 PSI for about 30 minutes. Loose seedsand reduce radiation exposure to personnel.
can be sterilized in the vial/lead pig in which they are deliv- A Geiger—Muller(GM) counter or scintillation detector is
ered, with the cap loosened. Alternatively, the vial can beused to survey the seed preparation area after completion of
uncapped and the open end plugged with cotton. The gravitthe loading process. A running total of the seeds is kept as
cycle is preferable to the vacuum cycle when loose seeds athey are loaded into cartridges or needles.
sterilized. The difference between gravity and vacuum cycles In early 1995, Amersham Healthcare introduced Rapid
is the drying method. The vacuum cycle uses a strongtrand™ in which the |-125 seeds are enclosed within a stiff,
vacuum to achieve drying. The vacuum may displace loosabsorbable suture material that maintains the seeds 1 cm
seeds from the container, causing potential radiation hazardpart center-to-center. The suture material is braided Vic-
Seeds may also be sterilized using ethylene oxide(galsl  ryl™ (polyglactin 910 which is stiffened thermally and ster-
gas. Cold gas sterilization takes considerably more time andlized by ethylene oxide. The stiffened Vicryl suture material
is required for seeds in suture material. is hygroscopic and softens and swells when exposed to mois-
Seed preparation requirements depend on the implantatidare from body fluids. If not handled properly, the strand
technique adopted, i.e., using the Mick applicator or preimay swell and jam in the implant needle making it impos-
loaded needles. Table | shows a list of typical equipmensible to expel the strand from the needle. Therefore, it is
required for either technique. The needles used for implanimportant that the needle be plugged properly. Bone wax,
tation also differ. The Mick TP200 applicator compatible which is often used to seal the tip of needles loaded with
needles have a blunt needle sheath and a stylet that is slightlgose seeds and spacers, is too hard to expel without causing
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a mechanical collapse of the Vicryl spacing between thewidth (5 mm) is easily corrected by shifting the treatment
seeds. Suppositories, such as Anusol-HC™, are a softer mplan. Other offset amounts need to be remedied by reposi-
terial that partially melts at 37 °C and allows expulsion of thetioning the patient. Under the intraoperative planning tech-
strand without collapsing the Vicryl. The internal bore of the nique, prostate stabilization is followed by TRUS volume
needle must be very smooth. Any roughness of needle walitudy and optimized dosimetric planning, as described in
will catch the Vicryl fibers and jam the needle. Sec. 11 B.

The technique for use of Rapid Strand can be summarized For either the Mick applicator technique or the pre-loaded
as follows®? Place 3 suppositories in a 30 ml glass cup orneedle technique, a needle loading diagram and/or worksheet
beaker and flash sterilize in a steam autoclave for 3 min &t required in the operating room to identify the template
140 °C and 2 atm pressure. With aseptic technique, an empgoordinates for needle insertion. In the Mick applicator tech-
18 gauge implant needle is dipped vertically into the clearnique, the loading diagram specifies the spacing between the
molten suppository to a depth at least covering the needlgeeds in each needle, the number of seeds in the needle, and
bevel and preferably covering the burnished echogenic rethe distance of the first seed-drop position from the base of
gion of the needlgapproximately 5 mm Upon removing the prostate(or any other reference plapd.e., the offset
the needle vertically, capillarity and gravity equalize to formfrom the reference plane. The diagram for the pre-loaded
a liquid column 7—-9 mm long that solidifies in 3—10 min. needle technique specifies the offset from the reference plane
Once the needles have cooled for 5 min, appropriate length®r each needle.
of Rapid Strand are cut and inserted into the needles, fol- The operating table ideally allows the placement of a mo-
lowed by the stylet. After inserting the needle into the pa-bile fluoroscopy unit to visualize the implanted area. The use
tient, the moisture resistance of the suppository seal persists fluoroscopy during implantation helps in visualizing the
even though the needle may be retracted and reinserted saweedles and seeds as they are inserted in relation to a Foley
eral times in achieving the desired location. During this timepulb filled with contrast media, and the patient's bony
the suppository is warming and melting. Approximately 2—3anatomy>® As a needle is inserted into or pulled out of the
min at body temperature are required for the suppository t@rostate, the movement of the previously implanted seeds
melt sufficiently around the perimeter of the needle so thatan be readily seen on the fluoroscopy monitor, and adjust-
the strand can be easily expelled. Two circumstances thahent in the needle insertion depth may be made to compen-
may lead to jamming of the strands within the needle aresate for such movement.
leaving too little time for the suppository to melt sufficiently,  If needles are to be loaded in the operating room, a sterile
or striking the pubic bone, which may dislodge or disrupt thetable or work area equipped with adequate radiation shield-
suppository plug. ing is set up by a member of the physics staff. Even in the
Mick applicator technique, a set of sterile loading and seed
handling equipment is kept available in case jammed car-
tridges need to be reloaded.

Ultrasound-guided prostate implant procedures can be During seed placement, the medical physicist interprets
performed in an operating room or an interventional radiol-the planning information in each incremental step to the cli-
ogy procedure room. After anesthesia, the patient is set up inicians, and records the progress of seed deposition in the
the dorsolithotomy position, and draped with sterile coverspatient. Typically, the medical physicist provides verbal in-
The perineum is cleaned with Betadine™ and the scrotum istructions on the needle coordinates, the offset from the ref-
retracted by either sewing it to the drapes or by using a slingerence plane, and, if using the Mick applicator, the number
The ultrasound probe is attached to the stepping device araf seeds and the seed spacing, as each needle is being placed.
inserted into the rectum. With the exception of the needle The technique for seed placement requires some degree of
template, these instruments are usually nonsterile, but ammanual dexterity. In the pre-loaded needle method, the
cleaned prior to use. needle is withdrawn against the stylet such that the seeds

The prostate may be first immobilized against lateral andemain in the same position in the prostate as the needle is
anterior-posterior motion by use of two or more stabilizingremoved. Advancing the stylet will deposit the seeds ahead
needles, inserted under TRUS visualization through carefullpf their intended locations, while allowing the stylet to re-
chosen template position$>* Special prostate stabilizing tract with the needle will cause the seeds to be deposited
needles with a hook-type mechanism are commercially availbehind their intended locations. The Mick applicator method
able, though standard implant needles for stabilization areequires the clinician to keep track of each seed deposition.
also effective’® In general, three stabilizing needles arrangedDesired seed spacing is achieved by retracting the needle a
in a triangular pattern inside the prostate are quite adequatknown number of steps on the applicator’'s preset scale.
However, not all brachytherapy practitioners use immobili-When the needle is retracted too rapidly, the seed tends to
zation needles. follow it due to the suction created by needle retraction.

Under the current preoperatively planned implantationWhen the stylet is advanced too rapidly, the seed can be
technique, the positioning of the prostate on the templaténjected beyond its intended location in the prostate. Care is
grid under TRUS is carefully checked against the treatmentaken to ensure that only one seed is allowed to drop from
plan both before and after the insertion of the stabilizingthe cartridge at a time, otherwise multiple seeds will be
needles. Offset in the relative position by exactly one gridplaced at one planned location.

E. Implantation procedure
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It is often found that preoperative treatment plans require Prostate implants are generally planned to deliver a pre-
minor or major modifications. Typical scenarios that causescribed minimum dose. However, it has been shown that the
such modifications include discrepancies between expectedinimum dose planned can rarely be achieved due to seed
and actual needle placement, detection of the urethra or aglacement errors which are inherent in the procedtire®
jacent rectal wall close to the intended seed location, prostatéurthermore, postimplant edema can further reduce the dose
volume/position change, or the need to compensate for pricdelivered by the implam®=®! Hence it cannot be assumed
seed misplacement. The medical physicist brings to the ophat the patient would receive the dose prescribed in the pre-
erative procedure a special understanding of the dosimetriczeatment dosimetric plan.
impact of any such modification, and thus plays an important Postimplant dosimetric evaluation was traditionally car-
role in evaluating each circumstance. It should be stresseded out using multiple radiographs. Although such plane
that while real-time deviation from the preoperative plan isfilms are adequate for reconstruction of the relative seed po-
often unavoidable for adequate dose coverage, exceadive sitions, they cannot provide the dose delivered to the prostate
hoc deviation can lead to severely suboptimal dose distribubecause the prostate cannot be visualized on a radiograph.
tion. To acquire a quantitative understanding of the dosimetPostimplant dosimetry was limited to a calculation of the
ric characteristics of a preoperative plan, the medical physimatched peripheral dog®PD), a parameter that has been
cist may wish to simulate a number of such ad hoc changeshown to be an unreliable indicator of the dose delivered to
on the planning computer prior to implantation. This is es-the prostat&?
pecially helpful in the early stages of a prostate seed implant The dose delivered to the prostate and other organs can be
program. determined by performing a postimplant CT-based dosimet-

A running total of the seeds and needles implanted igic analysis. The advantage of CT-based dosimetry is that the
recorded on the operative worksheet. Any real-time deviaprostate and other organs, such as the rectum, can be visual-
tion from the planned seed deposition is annotated as it odzed. This capability allows dose-volume histograi@¥/Hs)
curs. In the Mick applicator technique, it is good practice toto be generated, which provide detailed information on dose
reconfirm the running total of seeds deposited every time theoverage and implant quality.
cartridge is emptied, which serves as a checksum for correct At present, a postimplant CT study is the most direct
seed drop. This is to be facilitated by loading a constantmethod for carrying out quantitative dosimetric evaluation.
number of seeds per cartridgexcept the last cartridge CT-based dosimetric evaluation is particularly important
Note that the checksum method does not guard against acauring the early stages of a new prostate seed implant pro-
dental placement of multiple seeds at the same location, bgfram to aid the team in progressing up the learning curve as
will uncover the problem soon after it occurs. A radiation quickly as possible. Continuous evaluation of implant quality
survey should be made for each used needle to confirm th@ermits improvement in techniques as the program develops.
no seed is unintentionally left inside the needle. Otherwise, problems which compromise implant quality may

After seed placement, the urologist usually performs ago undetected and be perpetuated indefinitely.
cystoscopy to find and retrieve any loose seeds in the blad-
der. A lead seed container is kept available in the operatin
room, for use in the event that seeds are retrieved from th
bladder, or that seeds are accidentally dropped on the floor. The necessary steps in performing a CT-based dose analy-
A GM detector or a scintillation detector is kept available tosis are(1) outlining the prostate volume for dosimetric evalu-
locate misplaced seeds, and to conduct radiation survey iation on each CT image?) localization of each seed3)
the implantation area following the procedure. The radiatiorcalculation of the dose to each point in a 3D matrix of grid
survey includes the floor, waste, linen and all used applicapoints in a selected volume which includes the prostate,
tors. All seeds brought to the operating room must be acgeneration of isodose curves which can be superposed on
counted for by the implantation worksheet and the seeds thatach CT image, angb) generation of a DVH for the prostate
remain in the possession of the medical physicist at the ends well as dosimetric information for the critical structures.
of the procedure. A properly calibrated ion chamber survey A seed 4.5 mm in length often appears on adjacent CT
meter is used to measure the maximum exposure rate at th@ages spaced at 5 mm intervals, therefore a useful facility
surface and at 1 m from the implanted patient for documenin dosimetric analysis is to permit identification of seeds that

. Technical issues

tation. appear on multiple adjacent CT images. This is usually ac-
complished by superposing the seed location from the previ-
F. Postimplant dosimetry ous image onto the image being analy?edeed redun-

dancy algorithms are also helpful, which can reduce the
seeds to the number actually implanted using distance-based
The quality of prostate seed implants is, as in all brachyredundancy likelihood analysis.

therapy, dependent upon the skill and experience of the prac- A complete CT-based dosimetric evaluation includes the
titioner. Because patients differ in their anatomy, some im-dose delivered to other organs, such as the urethra and rec-
plants are technically more difficult than others. Hence, @um. However, there are no standards for specifying the dose
variation in implant quality may occur, even for an experi-to these organs, and each case presents a unique set of cir-
enced practitioner. cumstances. It is very difficult, if not impossible, to define

1. Rationale
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the urethra on a CT image unless there is a Foley catheter i{imean: 9.3 days Using the mean edema half-life of 9.3
the urethra. Distension of the rectum can cause variability irdays, the edema will typically resolve to 12.5% of its origi-
assessing the rectal dose due to the typical large dose gradial value in 28 days. This would appear to be an appropriate
ent in this region. time to image art?¥ implant because of its 60 day half-life.

The determination of the dose to the prostate from aHowever, the situation is not so clear witffPd because of
postimplant CT scan is nontrivial. A major problem is defin- its much shorter 17 day half-life.
ing the prostate volume accurately on the CT images. Out- Although the methodology has not yet been perfected, the
lining the prostate on CT involves subjective judgment be-TRUS volume study may ultimately become a useful aid in
cause the prostate is not well resolved from other adjacertefining the prostate volume in the CT styThis is par-
soft tissue structures. As a result, the volume derived fronticularly true if the postimplant CT scan is obtained after the
the CT scan is generally larger than that of the TRUS volumedema is resolved so that the preimplant and postimplant
study used to plan the implafit-®® The problem this pre- volumes can be assumed to be equivalent. If both studies
sents is that the dose coverage will be evaluated for a prosvere imaged at 5 mm intervals, the TRUS study should be
tate volume which is larger than that used in planning theuseful in identifying the apex in the CT study even before a
implant. As a result, the percentage of the “prostate” cov-methodology for registering TRUS and CT images becomes
ered by the prescribed dose will generally be less than thaivailable. Fusion of CT and MR images may also be a viable
planned. solution, as MR provides adequate visualization of the pros-

The most notable difficulties in defining the prostate intate while CT provides localization of the implanted
CT images have been descriféds (1) an inability to dis- seed$®57
tinguish the posterior portion of the prostate from the ante- These numerous difficulties and technical challenges not-
rior wall of the rectum on noncontrast C{2) a tendency to  withstanding, the standards for seed implant quality are be-
confuse the posterior-inferigapica) portion of the prostate ing defined in terms of quantitative CT-based dosimetric
with the anterior portion of the levator ani muscles, &)da  evaluation. Willins and Wallnéf reported that, for CT scans
tendency to include portions of the neurovascular bundles asbtained on the day of implantation, coverage of 80% or
part of the prostate volume. Because of these difficultiesmore of the target volume by the prescription dose is prob-
defining the prostate requires a certain amount of subjectiveply adequate. Bicet al®® 7% have conducted extensive re-
judgment® view of postimplant dosimetry using a wide range of CT-

Another problem is postoperative edema, which typicallybased quality assessment parameters. Seicd.”* found
increases the prostate volume by 40 to 50% compared to th@at dose was the most significant predictor of biochemical
preoperative volumg&?®*%If the postimplant CT scan is ob- fajlure in a multivariate analysis using dose, PSA, Gleason
tained immediately after the implant is performed, the dos&core and stage in 134 patients treated Withimplants. A
may be underestimated. The edema increases the distanggse response was observed at a level of 140 Gyyjn the
between the seeds, as well as the volume, thereby loweringose that covers 90% of the target volume under CT-based
the dose rate. On the other hand, if the CT study is obtainegostimplant evaluation. Patients receiving g,Dess than
after the edema has resolved, the dose may be overestimateglp Gy had a 4-year freedom from biochemical failure rate
because the decrease in dose rate while the prostate wgs68%, compared to a rate of 92% for patients receiving a
edematous is ignored. Dy, greater or equal to 140 GypE&0.02).

The impact of edema on the postimplant dosimetry is not  The clinical correlation of dosimetric evaluators is an on-
yet well defined. However, two factors which intuitively going effort. Practitioners of prostate brachytherapy are
contribute are(1) the magnitude of the edema af@ the  yrged to carefully document the methodology and the time
margin used in planning the implant. An example of a mar-course for each set of postimplant dosimetry, in order to
gin is an implant planned so that the prescribed isodose lingreserve its predictive value.
is a few millimeters outside the periphery of the prostate.

Such margins are created by the practice of increasing the

planned source strength by approximately 15% to compen-

sate for seed placement erf6rOne would expect a greater

percentage of the edematous prostate to be covered by the REVIEW OF DOSIMETRIC ASPECTS

prescribed isodose line when such a margin is incorporated

into the plan. This section reviews the dosimetric aspects of treatment

The scheduling of postimplant imaging studies is an im-planning and postimplant analysis relevant to permanent
portant quality assurance issue because of the effect gfrostate brachytherapy. The historical circumstances that led
edema on the postimplant dosimetry. However, the optimalo the adoption of the “160 Gy prescription dose” are de-
time for obtaining the CT scan has not been established. Thecribed, so that contemporary practitioners can make an in-
optimal time for imaging*?® and 1%Pd implants will differ  telligent judgment with regard to the past clinical experience
because their half-lives are different. The duration of edem#ased on the Memorial nomograph. Dosimetric consistency
is a key factor in determining the optimal timing. A recent with the AAPM Task Group No. 43 formalism is again
study’® based on serial CT scans shows that the edema retressed. Methods for dosimetric evaluation and optimization
solves exponentially with a half-life of from 4 to 25 days are summarized.
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A. Historical perspective on dosimetry TasLE II. Average dose at total decay from a source with an air kerma
strength 6 1 U using the point source approximation.

Although ??2Rn seeds!%Au seeds and evetar seeds

have been used in permanent implants of the prostate, the Dose at total decayGy)

historical background of clinical and physics techniques per- 125 125

tinent to the present report really began with the initial use of model 6711 model 6711 10%pg

129 seeds for this purpose at New York’s Memorial Hospital ~ Distance 1985 NIST 1999 NIST model 200

. 12 . . cm) Standard Standard TheraSeel

in the late 1960’2 These implants were performed using a

retropubic approach, following a midline incision and bilat- 0.5 70.02 77.98 20.19

eral lymphadenectomy. Ideally, needles were inserted about 1 16.83 18.74 3.91
. 15 6.93 7.71 1.33

1 cm apart and parallel to one another, avoiding the urethra ', 350 390 056

and stopping short of the rectum by sensing needle pressure 55 1.97 219 0.27

on a finger in the rectum. Each needle was withdrawn at least 3.0 1.18 1.32 0.13

0.5 cm before the first seed was inserted. The dimensions of 35 0.74 0.83 0.07

the prostate were assessed in the plane perpendicular to the j'g g'gg 8'2‘71 8'8‘2‘

needles as the distance between peripheral needles and along 5, 023 0.26 001

the needle direction by subtracting the average needle pro- 55 0.17 0.19

trusion from the overall needle lengti5 cm. The total 6.0 0.12 0.14

apparent activityin mCi) to be implanted was determined ‘;-g 8-83 8-32

by multiplying the average dimensidim cm) by an empiri-
cally derived factor of 5. Implementation of this procedure
was eventually facilitated by a nomograph that specified the
number of seedgof known strengthto be implanted and ;e inferred from dimensions measured at surgefhe
their approximate spacing within the target. . target was usually approximated as an ellipsoid, for which
The dose associated with an implanted activity deterhe yolume is the product of the three dimensions multiplied
mined in the above manner was believed to be about 160 Gyy /6. Because it involved matching volumes, the dose so
and was considered to be the minimum effective dose. Howreported subsequently came to be called the “matched pe-
ever, an early evaluation of the “dimension averaging” ripheral dose” or MPD. It was obtained by interpolation in a
method had shown that, on the basis of Quimby volum&aple of volumes computed at uniformly spaced dose levels,
implant data® for which the cumulated activitymgh per  each volume representing the sum of voxels for which the
unit dose is approximately proportional to the square root 0fjose was greater than the specified dose.
the volume treated, dimension averaging may be expected to The MPD concept proved helpful in later modifications of
produce a peripheral dose roughly proportional to the minughe original “planning” nomograph to take into account the
one-sixth power of volumé Alternately, if Manchester vol- gifference in dose rate falloff with distance betwet
ume implant daté had been invoked, where the cumulatedseeds and??Rn seed&:’® MPD values evaluated for actual
activity per unit dose is explicitly stated to be proportional tojmplants were found to decrease significantly with increasing
the two-thirds power of volume, the expectation would havetarget volume.” From the slope of the line fitted to such data
involved a dose proportional to the minus one-third power ofon a log—log plot, it was possible to derive the exponent that,
volume. In either of these conjectures, the premise is'ffiat  if applied to the average dimension in a modified dimension-
seeds display a dose-rate fall-off with distance from the seegdveraging method, would result in a constant dose as a func-
similar to that from a radium or radon sour¢®imension  tjon of target volume. This exponent was found to be 2.2,
averaging had, in fact, been used earlier for radon seed inwhere the increase over the 2.0 value that would have been
plants) Although we now know that assumption to be totally implied by Manchester volume implant data was taken to be
unjustified, it is nevertheless clear that adherence to thgue to the much lower penetration Bl photons relative to
original dimension-averaging method of planning leads tahose of??Rn. The same reasoning was later applied to de-
smaller doses for larger target volumes. During the time thisrelop a similar nomograph fot®®d seed implant§.For
planning method was in use, it was not really appropriate td%3pd, with photons of even lower energy, the corresponding
suggest that it resulted in delivery of a given dose, sincexponent of average dimension was 2.56. For Béthand
target volumege.g., prostatgsvaried significantly in size.  1°Pd nomographs, the “constant-dose” formula was applied
Before the advent of CT imaging, there was no way toonly for average dimensions greater than 3 cm. For smaller
evaluate the minimum peripheral dose received by the prosmplants, the original dimension-averaging rule was allowed
tate, since the prostate capsule was not seen on the postia- stand and the dose increased for decreasing volume.
plant stereo-shift radiographs from which dose calculations With respect to the ephemeral but pervasive “160 Gy”
were generally performed. In order to provide some form ofprescription dose fot?@ permanent implants, a further ob-
feedback to the brachytherapy clinicians that would reflecservation of interest is that it seems to have survived in spite
the extent to which implant goals were achieved, it becamef major changes ift?™ dosimetry. At the time it was first
customary at Memorial Hospital to report the dose for whichproposed, dose calculations were using a one-dimensional
the isodose contour volume was the same as the target vdbokup table of dose rate times distance-squared with an en-
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try at a distance of 1 cm of 1.7 cGyémCi *h L. This  calculated using the TG43 dosimetry data, corresponding to
value had been arrived at indirectly, making use of TLDthe 11% difference observed earlier. Luseal. therefore
measurements of relative dose vs distance in Dlighantom  recommends that the prescription dose in prostate implants
material. It was considered to be the quotient of total energysing'? seeds be modified downward by 11%, prescribing
emission per mCih and the product of phantom density and44 Gy instead of 160 Gy, when the dosimetry data of TG43
the volume integral of the relative measureméft. was is used in the dose calculations. Another empirical study by
changed, in 1978, to 1.10 cGy émCi *h™! on the basis of Bice et al®® based on similar comparative analysis also
subsequent measurements and calculatiotimt included reached the same conclusion.

averaging the anisotropjalbeit in aip over 4 solid angle. While there is no timeline constraint on the adoption of
MPD values were reduced to 65% of what they would havehe TG43 dosimetry data, early adoption of TG43 will facili-
been using the previous table. tate smooth implementation of the revised air kerma strength
standard by NIST. The revision of the NIST 1-125 standard
B. Dosimetry data revision will need to be carried out in concert with the manufacturer.

This requires a change of the dose rate constant the

user's treatment planning system. Loevirfdras reported

report of thead hoc Committee of the AAPM Radiation faarlier that this revision would lead to approximately a_lo_%
increase of the dose rate constant. The AAPM Radiation

. 2 .
_Thgrapy Committee Oﬁgj sealed source dosimetfy.As Therapy Committee Ad Hoc Subcommittee on Low-Energy
indicated by Kuboet al.,”” two separate but related events . . ;
Seed Dosimetry reviewed the available data and

”ee_d_ to belzcon5|der§d in the discussion of dosimetry datraecommeno‘i5 that, for 1-125 sources calibrated using the
revision for'? seeds:

1999 NIST air-kerma-strength standard, the dose rate con-
(1) The adoption of the AAPM Task Group No. 43 recom- stants should be revised upward by a factor of 1.114. In
mended dosimetry data for model 67%% seeds, which  particular, it is recommended that dose rate constants of 0.98
differs significantly from the dosimetry data of Ling cGy/h-U and 1.04 cGy/h-U be used for model 6711 and
et al® model 6702 seeds calibrated using the NIST 1999 revised
(2) The revision of the NIST calibration standard for the air-kerma-strength standard.
titanium-encapsulate?™ seeds, including both model
6702 and model 6711 seeds. This revision causes the o _
reported air kerma strength value for a calibrated seed t&- DOS€ Specification and reporting
be approximately 10% lower than that under the current Consistency in dose specification, prescription and report-
NIST calibration standard. ing is an important step towards establishing a uniform stan-
dard of practice in prostatic brachytherapy. Early efforts in
When applied to the dosimetry of permanent prostate seeghjs are4°-*were exclusively limited to idealized represen-
implants, the isotropic point source approximation is cOM-ations of the target using cubic, cylindrical, spherical or el-
monly used for the dose calculation model. At distamce |ipspidal volumes. However, these investigations marked the
from the center of the source, the dose delivered at tow&leparture from built-in  target-size dependence in
decay from an® or 19%d seed is nomograph-based planning and prescription toward specifi-
_r cation or prescription of a desired dose. The early experience
D=Dox1.443< Ty, @ Jith CT-based planning and evaluation f3f prostate im-
plants at the Memorial Sloan Kettering Cancer Center was
reported by Royet al®? In their study, the peripheral dose

The history of*?3 dosimetry has been reviewed in detail
by both the AAPM Task Group 48TG43) reporf! and the

where the initial dose ratB, is given by the TG43 formal-

ISm was defined as the isodose surface that encompassed 99% of
SkAg(r)gan the target volume, or §. By analyzing 10 implant cases,
0= 2 (20 they showed that the actual coverage of the target volume by

r
the peripheral dose ranged from 78% to 96%, with an aver-

whereS,, A, g(r), and¢,, are the air kerma strength, dose age coverage of 89%. More recently, Willins and Walffier
rate constant, radial dose function, and anisotropy constanpublished a follow-up study presenting the analysis of 20
respectively. Table Il gives the dose at total decay from arunselected implant cases performed by an experienced clini-
129 or 193pd seed with an air kerma strength of 1 U, using thecal team. In this study, dose was prescribed to the planned
point source approximation. Comparison with the old expo-minimum peripheral dosenPD); postimplant dosimetry was
sure rate formalism shows that, for a model 6¥®1seed of  carried out using CT taken on the day of implantation. The
given strength, the dose calculated using the TG43 formalactual coverage of the target volume by the prescribed mPD
ism and dosimetry data is approximately 11% lower at 1 cnranged from 73% to 92%, with an average of 83%. The
from the center of the seed in water. Luseal® further  actual Dy, delivered to the target volume was 43%%
compared the isodose distribution for the implant of a 35 cd*=1 SD) of the prescribed mPD. The authors identified sub-
prostate, using 88 seeds and 20 needles. They found that tfetivity in interpreting postimplant CT scans and prostatic
contiguous volume of 53 cc receiving 160 Gy, using the Lingswelling as extraneous uncertainties, which would compound
et al. dosimetry data, would receive 144 Gy when the dose isith any seed placement errors to result in apparently poor
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coverage by the mPD. The reliance on the mPD for dosé¢ation, even with stabilizing needles in place. Use of rigidly
prescription and reporting was discussed by ¥ual®®  spaced source strands will partially alleviate the seed dis-
Based on simulated distributions of common seed placememiacement uncertainties. However, a complete solution to the
errors, they concluded that generally 90% of the originalabove problems is unlikely to result until intraoperative com-
PTV could be covered by the prescribed mPD when the avputerized real-time dosimetry is widely available.
erage dimension of the PTV was greater than 3 cm. No con- Dosimetric uncertainties as a result of prostate edema and
sistent pattern was found for the magnitude of underdosag@ifficulty in defining the target volume based on CT are
between the planned mPD and the realizegd;Dhowever, unique to dose analysis and reporting postimplantation.
underdosage from the planned mPD to the realizegy D These issues are discussed in detall in Sec. Il F.
could easily exceed 20% due to common seed displacement.

Although the mPD as a dose specification parameter diss. Treatment plan evaluation
plays excessive sensitivity, it is the most direct measure of . . . .
dosimetric coverage under 3D image-based treatment plan- Methods for dosimetric evaluation are necessary in order

ning. Less sensitive dosimetric parameters have been pr(T)Q select competing treatment plans during the traditional

posed for prescription and/or reporting, including the netplannmg process, in ranking (;omputer-optlmlzed plqns, orin
minimum dosé® the average peripheral do¥he harmonic postimplant dosimetry analysis. At present, little clinical cor-
mean dos& an'd the widely cited matched peripheral dose_rela'[ion has been published between the planning dosimetry

However, these parameters by definition do not provide thgvaluators anql treatment outcome, due n part to _the diffi-
essential information on isodose coverage of the PTV. Th ulty of achieving the planned parameters in actual implants.

practice of prescribing the treatment dose to the mPD is als to thtattextent, t@hetgos;mettrlc etva:uators Iaret_pragmatlc con-
consistent with modern external beam radiation therapy. Tha'ructs to quan ify the treatment plan evaluation process.
problem of achieving consistency between dose specification, S
for pres_cr|_pt|o_n and_d_ose reporting Is glosely re_lated o the The total source strength required to deliver 1 Gy of the
uncertainties in defining the PTV, which are discussed in o e .

S mPD, S,pp, is implicity or explicitly used in treatment plan-
more detail in Sec. llID. . L . )
ning to select the seed distribution that yields the maximum

It must be concluded at this time that the present tec:h'Eumor dose. Intuitively, the dose distribution within a given

nigues for permanent seed implant.ation do not_yet allow th(:fj.l.V is also most uniform whes, e is minimized, for oth-
planned mPD to be reproduced with any consistency; hOWSI’\NiSG some source strength can be removed from the non-
cver, the percent. coverage of the PTV. by th? p!anned m_P uniform region without reducing the mPD. The concept of

isodose surface is a reasonably consistent indicator of |ms11PD can be traced back to the Manchester system of implant

plant quality. Furthermore, the mPD required for clinical dosimetry. For prostate seed implants usig and 2°%Pd

control of disease and avoidance of morbidity is Currentlyseeds, the following fitted results provide minimized values

mPD

unknown. . . .

With regard to regulatory compliance, this body of re- of ngzgzas functions of the average dimensidnof the
search work strongly suggests that apparent underdosage
from the prescribed mPD to the realized Pfor a given 128 $=0.014d%%U/Gy-mPD, 3

implant cannot be taken alone as evidence of poor adminis- _
tration of brachytherapy. %Pd $=0.056d***U/Gy-mPD. )
These relationships do not take into account any irregulari-
ties in the shape of the target volume, and therefore should
only be used as idealized estimatesSyfp. Most clinical
Three major sources of uncertainties are now widely rectreatment plans are likely to yield higher valuesSgfp. For
ognized: seed displacement, prostate edema postimplanttie purpose of benchmarking comparison with the idealized
tion, and difficulty in defining the target volume based onmodel, the three largest orthogonal dimensions of the isodose
CT. These uncertainties can potentially compound to caussurface selected for prescription may be used to obtain the
gross dosimetric variability and ultimately to affect the treat-average dimension.
ment outcome. For reference, the following fitted results are obtainable
Seed displacement refers to the deviation in the positionffom Ref. 4 for the total source strength implanted per Gy of
of the implanted seeds from the planned locations. The ddMPD:
simetric impact of seed_ displacement has been_ well 29 $=0.012d%2 U/Gy-MPD
documented®>"%891|n particular, Robersort al®’ classi-
fied seed displacement in terms of needle placement error, (converted to TG43 doge (5)
source-to-source spacing variability, and seed splaying.
These errors arise becaude the patient position during the %Pd S=0.36d*" U/Gy-MPD. 6)
planning volume study is not always reproducible in the op-For average dimensiortsbetween 3 and 5 cm, Eq&)—(4)
erating room;(2) the prostate volume may have changedand Eqs(5)—(6) agree to within 10% fol?3 or %%d. It is
since the planning study, particularly for patients under horwell known that the mPD is substantially lower than the
monal therapy(3) prostate movement occurs during implan- MPD. However, Eqs(5)—(6) were derived from the dosim-

D. Dosimetric uncertainties
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etric analysis of past clinical cases, i.e., arising from postopbeam and brachytheragyWhen calculated at the level of
erative analysis, whereas Ed8)—(4) were results of opti- the mPD, the CN is simply the ratio of the volume of the
mized ideal seed placement, i.e., arising from preoperativeTV to the volume enclosed by the mPD isodose surface.
planning. The apparent agreement of the two sets of fitteéfor prostate seed implants, the CN is on average 0.72, com-

equations is therefore rather incidental. pared to 0.65 for a 3-field external beam boost treatment of
the prostate.
2. Dose uniformity The notion of dose conformity is based on the assump-

tions that a well-defined and clinically relevant PTV can be
precisely identified, and that there is reasonable expectation
of delivering the conformal dose distribution as planned. In
Ysome institutional protocols, the PTV includes an expanded
(ﬁiosimetric margin around the true prostate to encompass ex-
racapsular extension and in anticipation of dose degenera-
tion subsequent to seed misplacement. Treatment planning

. ; then aims to conform to the expanded PTV. However, dis-
Although they. did not report the FWHM n t.he corre_spond— tortion of the planned isodose surface invariably occurs due
ing preoperative plans, the parameter is likely to increas

from the plan to the postimplant dosimetry because seed dig(-) seed placement uncertainties. Until a technique becomes
P P P y . available that substantially accounts for these uncertainties in
placement tends to spread out the peak of the DVH. A sim

) . ) X real time, dose conformity remains an evaluator only of ide-
pler construct is the uniformity numbé@uN), defined as the y y

. . alized treatment plans.
ratio of the mean peripheral dose to the mean tumor dose, P

both calculated as harmonic means in the PTV to avoid nu- )
merical instability®® The UN is about 0.7 for idealized im- 4 Dose-volume histogram
plants, and should be relatively insensitive to seed displace- Compared to single scalar evaluators, the Dittluding
ment. Dose profiles have also been used to measufatural” DVH ) provides substantially more information for
uniformity in two dimensions through the target volufie.  quantitative evaluation of the dose distribution associated
The notion of achieving dose uniformity is related to thewith a given plan or actual implant. Variations of the DVH
concept of sterilizing a uniform distribution of tumor cells concept include the coverage, external-volume and heteroge-
throughout the PTV, which is also an implicit assumption inneity indices’*®%®and the dose nonuniformity ratf.In
most external beam treatment of prostate cancers. With thgarticular, the coverage indexl) shows the percentage of
possible exception of minor dose heterogen@ityigh doses the target volume covered by any isodose level. In the pre-
within the PTV in excess of that required to produce suffi-operative treatment plan, Cl at the mPD dose level is by
cient cell kill is assumed to add risk without benefit to definition 100%; in the actual implant, the corresponding ClI

The full-width at half-maximum(FWHM) of the differ-
ential dose-volume histogram or the “natural” dose-volume
histogrant® has been used as an indicator of dose uniformit
for prostate implant8?®*Greater dose uniformity throughout
the target volume would be associated with a reduce
FWHM. Roy et al®? reported 307 Gy:73Gy (+1 SD) in
FWHM of the DVH postimplantation for 10 cases in 1993.

therapy. at the same dose level should be approximately 90% under
the current implantation techniques, and is expected to be
3. Dose conformity higher with better techniqués.

Dose conformity measures the closeness between the is
dose surface chosen for prescription and the PTV in thre
dimensions. It is different from dose uniformity, as demon- It was recognized from the early days of image-based 3D
strated in the following example. If the PTV is a sphere, therplanning that template-guided prostate implants were ame-
a point source located in the center will achieve perfect connable to computerized optimization. Rey al. first reported
formity, but the dose distribution is severely nonuniformthe Memorial experience of CT-based optimized planning, in
throughout the target. Thus dose conformity alone does nathich the seed loading patterns were determined by a least-
fully define the objectives for optimizing prostate implant square method to maximize the dose conformitythe
treatment plans. needle patterns were selected on the basis of clinical judg-

The most common measure of dose conformity is thement. This method is therefore semi-automatic, in that the
root-mean-square deviation of the peripheral dose from a seareatment planner needs to design a needle pattrd in
lected dose level. This evaluator is often used in conjunctiorheir initial approach, needle orientatjoas a starting point
with computerized optimization. Another conformity indica- for computer optimization. Even so, the authors reported a
tor is the peripheral uniformity numbé&PUN), defined as the factor of 10 reduction in the planning time compared to the
ratio of the mPD to the mean peripheral dose calculated imanual planning experience. The optimal seed loading rules
the harmonic formalism? For planned seed configurations were explored by Narayaret al°° When the effects of po-
optimized for*?¥ and 1%Pd, the PUN is on average equal to tential seed displacement and prostatic volume change were
0.67. A higher PUN is indicative of better conformity in the taken into account, peripheral loading appeared to be the
treatment plan. The PUN is likely to undergo severe degraeptimal strategy.
dation after seed displacement due to the volatility in the A number of robust optimization schemes have since been
mPD. A third parameter proposed in the literature is the conapplied to prostate implants. Pouliet al°* used simulated
formation numbeXCN), which is applicable to both external annealing(SA) to optimize a cost function that took into

ET Treatment plan optimization
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account both dose conformity and dose uniformity. The ge{see Table)l The quality assurance of equipment that affects
netic algorithm(GA) has been adapted for inverse planningthe dosimetric consequences of seed implantatst be
to minimize S,pp and maximize dose conformity, while performed by the medical physicist.
keeping the number of needles at a customary rahye. Imaging Verification shall be made(e.g., in phantomto
Chenet al1?® devised an ad hoc method in which one seedensure that the grid pattern on the ultrasound image corre-
was placed at a time untb,pp was minimized. Overall, sponds to the physical locations given by the perineal tem-
these optimization techniques were able to produce improveglate. The fluoroscopy unit used in the operating room
treatment plans, as measured by the respective evaluatoshould display minimal distortion in a screen area that ad-
without extensive human intervention and within 1-15 minequately encompasses the implant region. teommended
run time on modern computers. In addition, both SA and GAto identify and follow a set of acceptance testing and ongo-
are stochastic, “intelligent” optimization schemes, capableing quality assurance procedures described in the Report of
of search for optimality as defined by realistic objective AAPM Ultrasound Task Group No.*d’ that are relevant to
functions'®+1% The potential for incorporating seed dis- TRUS imaging, especially with regard to spatial resolution,
placement uncertainties in such an intelligent optimizationgrayscale contrast, geometric accuracy, and distance mea-
scheme was exploréd®1 |t is quite likely that some of surement.
these techniques will be translated into mainstream treatment AccessoriesProper functioning of applicators, accesso-
planning and intraoperative dosimetric guidance in the nearies and stabilizing deviceshould be verified before each
future. implantation procedure.
Treatment planning systenthe medical physicisshall
verify that the treatment planning system reproduces the val-
IV. CURRENT RECOMMENDATIONS ues shown in Table Il for the dose at total decay fromt%h
_ . _ model 6711 of%Pd seed, calculated using the TG43 data in
_ Based on the rationale and the empirical evidence Outge int source approximatidf. This test serves as a nec-
lined in the foregoing sections, the AAPM recommends theggary indication that the planning system complies with the
following practical guidelines as a basis for promoting aq,gimetric formalism recommended by TG43. The medical
level of quality standards in prostate brachytherapy physicsy,sicistshall verify that the treatment planning system per-
that is necessary to ensure that the anticipated clinical oug, s the correct dose summation at one or more locations in
comes are reproducible and uniform on a large scale. Practy gimple configuration of multiple seeds. We endorse the
tioners of existing prpsta}te segd |mplla'nt programs are Urgetqecommendations of the AAPM Task Group No %ore-
to compare these guidelines with their institutional protocolsgarding quality assurance of treatment planning systems. In

carefully evaluate and justify any departures, and makey,ricylar, the above tesshall be performed before the com-

modifications to their programs if necessary. FOr Néw prosy, ier treatment planning system is put into clinical use, and

tate seed implant programs, it is recommended that thesg .., subsequent software release.
guidelines be implemented as part of the quality assurance pogimetersThe medical physicisthall establish the cali-

protocols. bration of dosimeters for the assay of each type of seed used

It is recognized that modern prostate brachytherapy is &, the prostate brachytherapy program. The user's well
multi-disciplinary effort that involves radiation oncology, di- -nambershall be calibrated at an ADCL with direct trace-

agnostic radiology and urology. Successful implementation,;ji, 1o NIST. Alternatively, individually calibrated seeds
and continued improvement of a prostate brachytherapy prasp || he obtained from the ADCL to establish a calibration
gram rely on effective teamwork and ongoing quality assuractor for the particular geometry being used. In either case,

ance review of the entire_ program. The physics aspects %e constancy of the user’s dosimeshiall be confirmed us-
quality assurance as outlined in this section are an mtegrqll]g a long-lived radionuclide before each use. Proper func-

part of this multi-disciplinary effort. . tioning of the ion chamber survey meter and radiation detec-
This section of the document uses three distinct levels of,. chall be verified using a long-lived test source before

imperatives with strictly defined meanings: each use in the operating room.

(1) Shallor Mustindicates a recommendation that is neces-
sary to ensure a minimum standard of safety and effec: : . .
. . . : B. New radionuclide designs
tiveness in prostate seed implantation;

(2) Shouldindicates a recommendation that is necessary to New supplies of->3, 1°Pd or other low energy sources
meet the baseline standard of practice in prostate seddr permanent implantation need to become commercially

implantation; available to meet the increasing demand for radioactive
(3) Recommendhdicates an advisory recommendation thatseeds. However, it must be stressed that for any new thera-
is to be applied when practicable. peutic radionuclide, the dosimetry for the source desmyist

be established. Ideally, a national air kerma strength standard
shouldbe established, and the parameters for the TG43 for-
The medical physicisshouldbe directly involved in the malismshouldbe measured and independently confirmed.
selection, acceptance-testing and quality assurance of any The dosimetry of low energy photon-emitting brachy-
equipment acquired for the prostate seed implant progrartherapy sources such &% and °%d is sensitive to the

A. Equipment
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source geometry, encapsulation and internal structure due t Implantation procedure
self-absorption effects. These factors can be particularly sen- member of the physics stafihall be present in the

sitive to the quality of the manufacturing process during See%perating room during prostate seed implantation. The phys-

fabrication. It is inappropriate to use the dose rate constants, personnemustbe familiar with the treatment plan and
radial dose functions, anisotropy functions, anisotropy fac-

i tant blished in the TGA3 ¢ f the dosimetric consequences of any deviation from the plan.
ors or constants publishéd in the report 1or newy¢ yq implantation technique relies upon preoperative plans

source designs. Regarding a source mtendeq for W".’e USBased on prior volume studies, the position of the prostatic
the vendorshall have the responsibility to provide a calibra- land relative to the template coordinatesstbe verified in
tion of source strength that is traceable to a standard, and t ore than one imaging plane. If deviation from the planned

medical physicisshall have the responsibility to ensure tha_t position is detected, the physics personsiebuld evaluate

"Whether modification to the setup and/or treatment plan is
required, and recommend corrective action.

An account of the needles and seeds implarsieall be
C. Seed assay kept as the procedure progresses. At the end of implantation

Radioactive seeds may be obtainable in loose seed&@nd after cystoscopy, the physics persorstelll confirm the
ready-loaded cartridges, or absorbable suture. In whatevéptal number of seeds implanted in the patient and the num-
form the seeds are procured, the manufacturer's assest ber of seeds remaining, whichustadd up to the total num-
be independently confirmed. As recommended by AAPMPEr brought into the operating room. '

Task Group No. 58! a random sample of at least 10% of the A scintillation detector or GM countenustbe available
seeds in the shipmesshouldbe checked. Discrepancies of N the operating room. For implants using loose seeds, it is
3% or more between the mean of the assay and the manf@commendedo survey each needle after it is withdrawn
facturer's calibratiorshouldbe investigated. Unresolved dis- from the patient, to verify that no seed is unintentionally left
crepancies of 5% or morshouldbe reported to the manu- N the needle core. At the completion of the procedure, a
facturer. complete radiation surveynust be conducted, which in-

As discussed by the Ad Hoc Committee of the AAPM cludes the vicinity of the implant area, the floor, waste, linen
Radiation Therapy Committee 3% sealed source dosime- and all used applicators. The exposure rate at the surface and

try, the revision of the NIST standard f&#1 mustbe taken @t 1 m from the patienshouldbe measured by a properly
into account as soon as it becomes available. calibrated ion chamber survey meter, and documented in ac-

cordance with pertinent federal and state regulations.

The physics personnshouldbe familiar with any insti-
tutional policies and procedures regarding sterile techniques

To promote uniformity in the clinical adoption of the and the operative environment.

TG43 formalism, it isrecommendedo scale the prescribed

dqse such that a pte—T_(343 value of 160.Gy bgconjes 145 Gé_ Patient release

This recommendation is based on the discussion in Sec. 111 B

but with the dose rounded from 144 Gy to 145 Gy. The The medical or health physicishall routinely review the
clinically optimal dose and the method of prescription arepatient survey results postimplantation to confirm that the
not yet definitive. In cases where a pre-TG43 prescribed doserostate seed implant program continually satisfies all perti-
other than 160 Gy needs to be converted to the TG43 valugent federal and state regulations regarding the release of
it is recommendedb use the scaling ratio of 0.9. patients with radioactive sources. NCRP Commentary No.
11, “Dose Limits for Individuals Who Receive Exposure
from Radionuclide Therapy Patients,” provides additional
information that may be of use in this context.

Treatment planningnustbe carried out for all patients  For obvious reasons, the institution’s accountability of ra-
prior to the insertion of radioactive seeds. In this context,dioactive sources for a permanent prostate seed imp|ant ends
treatment planning refers equivalently to intraoperative planat the time of patient release. However, basic instructions to
ning or conventional preoperative planning. It iecom-  the patient on identifying the seeds and on radiation protec-
mendedo generate the isodose distributions superposed offon principles should be provided. It is not necessary to

the contours of the prostate in selected planes, and to coRequire the patient to strain urine and return dislodged seeds.
struct the DVH for the prostate. It ikcommendetb gener-

ate the DVH or ideally the dose-surface histogrdsH) for
the rectum. It i'secommendetb adequately identify the en-
tire length of the prostatic urethra, and to calculate the dose A quantitative dose analysisustbe carried out for each
profile along the urethra. patient postimplantation. This statement is based on the
Prior to implantation, the dosimetric plashould be  premise that it is as important to know and document the
checked using an independent procedure or by a secordbse delivered by a permanent seed implant as by an external
member of the physics staff, andustbe reviewed by the beam treatment. The importance of a postimplant analysis
radiation oncologist. cannot be overemphasized for the purposes of multi-

dependent investigators other than the vendor.

D. Changes to the dose value due to TG43

E. Dosimetric planning

H. Postimplant analysis
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institutional comparison, improving techniques, evaluatingand as a minimum the anisotropy constant are separately

outcome, and identifying patients who might benefit fromspecified in the source data library. Thus if future changes

supplemental therapy or be at risk for long-term morbidity. are to occur on any of the parameters for a given radioactive
The postimplant analysishouldinclude two-dimensional source, they can be easily and uniformly updated by the user

dose distributions on which the target volume for dose evaluef the system with the least confusion.

ation is outlined. In addition, it isecommendetb construct It is recommendethat software facilities be implemented

the DVH for this target volume, and to document the doseio generate the DVH for the target volume and the DSH for

levels that cover 100%, 90% and 80% of the target volumehe rectal wall, both in preoperative planning and for postim-

for postimplant evaluation, i.e., g, Dgg and Dyo, and the plant evaluation.

fractional volume receiving 200%, 100%, 90% and 80% of In addition to these practical guidelines, the medical

the prescribed dose, i.e..236 Vioo Voo and Vg Current  physicist should observe the recommendations of AAPM

literature suggests that imaging studies for dosimetric evaluTask Group No. 56 with regard to the code of practice for

ation are ideally obtained 2—3 weeks postimplantation fobrachytherapy physiéé and of AAPM Task Group No. 40

103 implants and approximately 4 weeks postimplantatiorwith regard to quality assurance for radiation oncology in

for 124 implants. However, it is recognized that logistic con- generaf®®

siderations sometimes preclude such uniform timing of

postimplant imaging for all patients. In addition, future tech-v, ISSUES FOR FUTURE CONSIDERATION

nology may permit immediate postimplant dosimetry assess-

et i e operaing room. I anycase e e cours of, T SSEL0T enians £ o of seme s and
postimplant dosimetric evaluatishouldbe recorded for all g : : 9
patients. not yet exist among investigators of prostate brachytherapy.

Fo dosmet evaton perormed at th optimun . 80410, 168 ofcuert i ryestgaton v den
aging time, it isrecommendedb use B, in comparison to P 9 phy gning

the prescribed dose, as an indicator of implant quality in dosglmlcaI seed implant programs.
coverage. An implant with good coverage is characterized byA. Anisotropic dose calculation

Do equal to or greater than the prescribed dose. . The AAPM TG43 repoft contains extensive tabulation
It is recognized that such dosimetric analysis is sensitively

_— of the anisotropy functions fd and°%d single seeds. In
dependent upon the definition of the target volume for rinciple, it is not difficult to incorporate the anisotropy

postimplant evaluation. Therefore a consistent radlologlcafunction formalism at the planning stage. However, in so

ﬁfr:?ggt?;l()fggritttz t?J?u?LV;;IFeTiestgzzE (t;fe tisee((jdg;%g?r(izcudomg one needs to make certain assumptions about the ori-
outcome P entation of the radioactive seeds, e.g., being perfectly aligned
o . along the needle insertion direction. Such an assumption is

It is recommendedo construct the DVH or ideally the : S
probably quite valid in the case of seed strands compared to

DSH for the rectal wall. Furthermore, it iIfcommendedo . o . .
adequately identify the location of the prostatic urethra, an pose seeds, but for any given case it is impossible to predict
q y P ' he extent and direction of splaying that will occur. On the

to document the dose to the urethra. We recognize that VisUs o hand, the anisotropy constant is an averaged quantity

?;ti]aetlrcma? itrzfng(;?atl?é? ag;?i?n r?;?g&gi”?ﬁg Iirg\?gll\?eg ;ggi\’/veighted by the solid angle, and therefore represents the best
yp P - may stimate of the dose surrounding a radioactive seed of inde-

tional catheterization. It is hoped that a more convenient9

contrast-enhancing technique will become available in th erminate orientation. Use of the anisotropy function formal-
near future 9 q §sm in postimplant dosimetry is technically more difficult,

since the orientation of each seed must be determined by
locating both ends of the seed. Until automated seed recon-
struction software becomes widely available, the point
For a member of the physics staff to perform independengsource approximation appears to be the more appropriate for-
work in permanent prostate brachytherapy, itrescom- — malism.
mendedthat a minimum of five documented cases be per- The dosimetric effects of anisotropy fdf3 were dis-
formed under the direct supervision of an experienced physicussed by Linget al'° There appear to be rather large dif-
cist. In this context, an experienced physicist is ¢mewho  ferences in the dose distribution and the mPD between the
satisfies the above training requirement(lorwho has per- ~ anisotropy function formalism and the point source approxi-
formed a minimum of 20 documented cases independentlymation widely used at present. To maintain uniform standard
of dose reporting in prostate seed implant, investigators are
J. Recommendations regarding commercial treatment urged to document the dose calculation formalism in their
planning systems planning and/or postimplant dosimetry procedures.

I. Training requirement for physics personnel

It is recommendethat the TG43 dose calculation formal-
ism beexplicitly represented in commercial treatment plan-
ning systems for prostate seed implantation. This implies that Mutual attenuation by neighboring seeds has been re-
the half-life, the dose rate constant, the radial dose functiorported to be significart-%!! Meigooni et al!'* performed

B. Interseed effect
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Solid Water measurement and Monte Carlo calculations t@ompare alternative treatment plans in prostate implant
examine the dose perturbation in a two-plane implant of 3optimization?? Assumptions on the following parameters

X 3 seed arrays. They concluded that the inter-seed effechust be made to apply the Dale model: th¢o-g ratio, the
would reduce the peripheral dose by 6% ¥t seeds. While  value of e, the potential doubling time for tumor cell3 (o),

the dosimetric impact of the inter-seed effect may be of clini-and the mean time for repair of sublethal damage. Given the
cal concern in simple, regular configurations, the overall efuncertainties in these parameters, it must be concluded that
fect in prostate implants is not clear. In practice, only thethe biological models should not be taken as quantitatively
nearest-neighbor seeds are likely to produce appreciable dopeedictive, but rather as a guide of the relative efficacy of
perturbation. The solid angle sustained by a seed at 1 crmompeting treatment plans. In addition to the cell surviving
average distance is sufficiently small that the volume of perfraction, the tumor control probabilityTCP) can be calcu-

turbation is for most purposes negligible. lated based on the BED with additional assumptions on pros-
tate tumor dose response data?°
C. Tissue heterogeneity The commonly quoted prescription dose of 115 Gy for

10

The major cause of tissue heterogeneity is calcified depos "Pd implants is the dose estimated to have the same “time-
L J . geneity PO ose-factor’(TDF)'2! as that corresponding to 145 Ggon-
its in the prostate gland, which occur in a small percentage o

) A _verted from 160 Gy of pre-TG43 dos&om 2% implants.
patients. The calcification presents on TRUS and CT studie sing the linear quadratic model to compare the relative cell

as hypergchqlc and high dgnsny regions, in contrast to thEill effectiveness of the two radionuclides for these doses,
surrounding fibromuscular tissue. In the energy rang&bf Ling'22 has shown that®®d may be more effective foF .,
po

lo . . . .
and . %Pd radlonuqlldes, where the photoelectric effect_ is theOf a few days and thd®% may be more effective for longer
dominant absorption process, the presence of calcidm (

I . . Toot- Th rmination of the m fficaci for h
=20) in fiboromuscular tissueZ(=7.6) leads to three dosim- , P* e determination of the most efficacious dose for eac

. ) S . type of implants involves ongoing analysis of clinical out-
ﬁ:ggiszerzgtssljfi‘)n;h?ndgi?e:gﬁ (;%r;sotﬁ)netdls dd(;:getr:emrggfafwo come, dosimetric specification and radiobiological modeling.
dose function is modified by the increased attenuation of the _ ) _ _
high Z material; (c) increased dose deposition occurs in theE- Relative biological effectiveness
soft tissue at the interface of heterogeneity, due to a greater The relative biological effectivene$8BE) was measured
number of photoelectrons, which have a range of about 18y Ling et al?® for 1?3 and 1°*Pd and by Freemaet al!?*
w2717 The overall dosimetric effect depends on the extentand Marchesest al125126 for 129, Relative t0%°Co and at
and the microscopic structure of calcification and the imp|anﬂose rates relevant to permanent prostate imp|ant, the RBE
configuration. As a first approximation, the ratio of masswas reported to be about 1.4 féf1 and about 1.9 for
energy attenuation coefficients of calcium to muscle is 24 at®%g 123 The enhanced cell inactivation for a given dose
30 keV, and 23 at 20 keV. At present, there is no clinicalreflects the additional biological effects of the radiation that
study to gauge the actual impact of such tissue heterogeneitgre not described by the physical quantities.

It is prudent to identify patients who present with tissue het-  These radiobiological effects are currently not taken into
erogeneity under planning radiological studies, and to evaluaccount in the clinical dosimetry for prostate seed implant,

ate the efficacy and the optimal strategy of seed implantatioand are considered theoretical advantages of this modality.
on an individual basis.

The same physical principles may lead to variability ofF
dose deposition in malignant versus normal histologies due
to different elemental compositions. It is not yet clear Work is continuing on characterizing the time course of
whether the physical laws translate to a therapeutic advarrostatic volume change subsequent to seed implantation. A
tage for adenocarcinoma of the prostate, and if so, what theore complete understanding of this issue will have a strong

. Time course of target volume change

magnitude of such advantage is. impact on optimal dosimetric planning and postimplant
analysis. Any significant differences in the pattern of gland
D. Biological models swelling and resolution may be dosimetrically compensated

) . . for in planning for the specific radionuclide used, thus reduc-
The linear-quadratic cell-kill model was extended by Dalejng the variance in the effective treatment dose delivered
to take into accounta) the decaying dose rate in brachy- ;cross the patient population.

therapy,(b) dose rate difference across dosimetric inhomo-
geneity,(c) tumor cell proliferation, andd) repair of suble-
thal damage for low dose-rate radiatitfit'® This model
was used by Linget al.to examine the effect of dose hetero-  The notion of planning the dose distribution to encompass
geneity in prostate seed implafifsThe authors concluded the primary foci of the tumor in a high dose region is often
that there might be some advantage in dose heterogeneity ah attractive one in treatment planning. It is justified radio-
about 20% above the prescribed dose, but beyond that, dos@logically on the basis that higher dose is required to eradi-
would be “wasted” in terms of producing cell kill. The bio- cate higher tumor cell density. Advances in tumor imaging
logically effective dose BED) and cell surviving fractions for prostate cancer will lend more credibility to the concept
predicted based on the model have been used as endpointsab differential interstitial irradiation. It is the nature of

G. Differential dose planning and delivery
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. . . o . 6 i i i -
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