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Since publication of the American Association of Physicists in Medicine (AAPM) Task Group No.
43 Report in 1995 (TG-43), both the utilization of permanent source implantation and the number
of low-energy interstitial brachytherapy source models commercially available have dramatically
increased. In addition, the National Institute of Standards and Technology has introduced a new
primary standard of air-kerma strength, and the brachytherapy dosimetry literature has grown sub-
stantially, documenting both improved dosimetry methodologies and dosimetric characterization of
particular source models. In response to these advances, the AAPM Low-energy Interstitial Brachy-
therapy Dosimetry subcommittee (LIBD) herein presents an update of the TG-43 protocol for
calculation of dose-rate distributions around photon-emitting brachytherapy sources. The updated
protocol (TG-43U1) includes (a) a revised definition of air-kerma strength; (b) elimination of
apparent activity for specification of source strength; (c) elimination of the anisotropy constant in
favor of the distance-dependent one-dimensional anisotropy function; (d) guidance on extrapolating
tabulated TG-43 parameters to longer and shorter distances; and (e) correction for minor inconsis-
tencies and omissions in the original protocol and its implementation. Among the corrections are
consistent guidelines for use of point- and line-source geometry functions. In addition, this report
recommends a unified approach to comparing reference dose distributions derived from different
investigators to develop a single critically evaluated consensus dataset as well as guidelines for
performing and describing future theoretical and experimental single-source dosimetry studies.
Finally, the report includes consensus datasets, in the form of dose-rate constants, radial dose
functions, and one-dimensional (1D) and two-dimensional (2D) anisotropy functions, for all low-
energy brachytherapy source models that met the AAPM dosimetric prerequisites [Med. Phys. 25,
2269 (1998)] as of July 15, 2001. These include the following '?°I sources: Amersham Health
models 6702 and 6711, Best Medical model 2301, North American Scientific Inc. (NASI) model
MED3631-A/M, Bebig/Theragenics model 125.506, and the Imagyn Medical Technologies Inc.
isostar model 1S-12501. The '®Pd sources included are the Theragenics Corporation model 200
and NASI model MED3633. The AAPM recommends that the revised dose-calculation protocol
and revised source-specific dose-rate distributions be adopted by all end users for clinical treatment
planning of low energy brachytherapy interstitial sources. Depending upon the dose-calculation
protocol and parameters currently used by individual physicists, adoption of this protocol may
result in changes to patient dose calculations. These changes should be carefully evaluated and
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reviewed with the radiation oncologist preceding implementation of the current protocol. © 2004
American Association of Physicists in Medicine. [DOI: 10.1118/1.1646040]
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%1 | INTRODUCTION
zg In 1995, the American Association of Physicists in Medicine
(AAPM) Task Group No. 43 published a protocol (TG-43)!
introducing a new brachytherapy dose calculation formalism
650  Pased largely on findings of the Interstitial Collaborative
650  Working Group (ICWG).% Previous calculation formalisms
650  Were based upon apparent activity (A app)> €quivalent mass of
radium, exposure-rate constants, and tissue-attenuation coef-
652  ficients. These older formalisms did not account for source-
to-source differences in encapsulation or internal construc-
652  tion. Except for radium, the exposure-rate constants and
other input parameters to these algorithms depended only on
654  the radionuclide.® In contrast, TG-43 employed dose-rate
655  constants and other dosimetric parameters that depended on
656 the specific source design, and are directly measured or cal-
656 culated for each source design. Additionally, TG-43 pre-
657 sented consensus dosimetry data, in terms of the recom-
658 mended formalism, for the three low-energy photon emitting
659 source models then available (Theragenics Corporation
model 200 '%Pd source and Amersham Health models 6702
660 and 6711 %1 sources). (Certain commercial equipment, in-
660 struments, and materials are identified in this work in order
661 to specify adequately the experimental procedure. Such iden-
tification does not imply recommendation nor endorsement
662 by either the AAPM or National Institute of Standards and
Technology (NIST), nor does it imply that the material or
663  equipment identified is necessarily the best available for
these purposes.) These data were based upon a critical- re-
664  view of ICWG measured dose-rate distributions using LiF
TLD as well as other measurements and Monte Carlo calcu-
664 lations available in the literature. Overall, the TG-43 protocol
has resulted in significant improvements in the standardiza-
665 tion of both dose-calculation methodologies as well as dose-
rate distributions used for clinical implementation of brachy-
666 therapy. For example, the differences between the previously

used dose-rate distributions and those recommended by
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TG-43 were as. large as 17% for some sources. These
changes have been exhaustively reviewed by the physics
community and are generally accepted. Most treatment plan-
ning software vendors have implemented the TG-43 formal-
ism and the recommended dosimetry parameters in their sys-
tems. LiF TLD dose measurements and Monte Carlo dose
calculations have largely replaced the semi-empirical dose-
calculation models of the past. :

Since publication of the TG-43 protocol over nine years
ago, significant advances have taken place in the field of

permanent source implantation-and brachytherapy dosimetry. v

To accommodate these advances, the AAPM deemed it nec-
essary to update this protocol for the following reasons:

(@) To eliminate minor inconsistencies and omissions in
the original TG-43 formalism and its
implementation.*~5

(b) To incorporate subsequent AAPM recommendations,
addressing requirements for acquisition of dosimetry
data as well as clinical implementation.” These recom-
mendations, e.g., elimination of A pp (see Appendix E)
and description of minimum standards for dosimetric
characterization of low-energy photon-emitting brachy-
therapy sources,* needed to be consolidated in one
convenient document.

(¢) To critically reassess published brachytherapy dosime-
try data for the T and *Pd source models introduced
both prior and subsequent to publication of the TG-43
protocol in 1995, and to recommend consensus datasets
where appropriate.

(d To develop guidelines for the determination of
reference-quality dose distributions by both experimen-
tal and Monte Carlo methods, and to promote consis-
tency in derivation of parameters used in TG-43 for-
malism.,

Updated tables of TG-43 parameters are necessary and
timely to accommodate the ~20 new low-energy interstitial
brachytherapy source models that have been introduced to
the market since publication of TG-43 in 1995. These com-
mercial developments are due mostly to the rapid increase in
utilization of permanent prostate brachytherapy. Some of
these new brachytherapy sources were introduced into clini-
cal practice without thorough scientific evaluation of the nec-
essary dosimetric parameters. The AAPM addressed this is-
sue in 1998, recommending that at least one experimental
and one Monte Carlo determination of the TG-43 dosimetry
parameters be published in the peer-reviewed literature be-
fore using new low-energy photon-emitting sources (those
with average photon energies less than 50 keV) in routine
clinical practice.” Thus, many source models are supported
by multiple dosimetry datasets based upon a variety of basic
dosimetry techniques. This confronts the clinical physicist
with the problem of critically evaluating and selecting an
appropriate dataset for clinical use. To address this problem,
this protocol presents a critical review of dosimetry data for
eight 21 and 1%3Pd source models which satisfied the afore-
mentioned criteria as of July 15, 2001, including the three
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low-energy source models included in the original TG-43
protocol. The present protocol (TG-43U1) recommends a
single, consensus dataset for each source model from which
the 1D and 2D dose-rate distribution can be reconstructed.
[This protocol was prepared by the AAPM Low-energy In-
terstitial Brachytherapy Dosimetry subcommittee, now the
Photon-Emitting Brachytherapy Dosimetry subcommittee
(Chair, Jeffrey F. Williamson) of the AAPM Radiation
Therapy Committee. This protocol has been reviewed and
approved by the AAPM Radiation Therapy Committee and
AAPM Science Council, and represents the current recom-
mendations of the AAPM on this subject.] Finally, method-
ological guidelines are presented for physicist-investigators
aiming to obtain dosimetry parameters “for brachytherapy
sources using calculative methods or experimental tech-
niques.

Although many of the principles and the changes in meth-
odology might apply, beta- or neutron-emitting sources such
as *Sr, P or 2Cf are not considered in this protocol. A
further update of this protocol is anticipated to provide con-
sensus, single source dose distributions and dosimetry pa-
rameters for high-energy photon-emitting (e.g. %2Ir and
137Cs) sources, and to generate consensus data for new low-
energy photon sources that are not included in this report, yet
meet the AAPM prerequisites and are posted on the AAPM/
RPC Seed Registry website!” as of December 1, 2003:

(1) Amersham Health, OncoSeed model 6733 1251,

(2) Best Medical model 2335 19%pq,

(3) Draximage Inc., BrachySeed model LS-1 125,

(4) IBt, Intersource-125 model 1251L 125,

(5) IBt, Intersource-103 model 1031L !9%pd,

(6) Implant Sciences Corp. I-Plant model 3500 '3,

(7) IsoAid, Advantage model 1A1-125A 1251,

(8) Mills Biopharmaceuticals Inc., ProstaSeed model SL/
SH-125 121,

(9) Nucletron Corp., selectSeed model 130.002 '2%1, and

(10) SourceTech Medical, *Implant model STM1251 1251,

As indicated in the Table of Contents, this protocol is
divided into various sections. Clinical medical physicists
should pay special attention to Secs. III-VI due to dosimetry
formalism and clinical implementation recommendations
presented herein. Section II updates the clinical rationale for
accurate dosimetry. The origin of consensus datasets for
eight seed models is presented in Appendix A. Dosimetry
investigators will find useful the detailed recommendations
presented in Secs. IV and V. The description of the NIST
calibration scheme is presented in Appendix B. Manufactur-
ers of brachytherapy treatment planning software will find
new recommendations in Secs. II, IV, VI, and Appendixes
C-E. :

Il. CLINICAL RATIONALE FOR ACCURATE
DOSIMETRY

While low-energy, photon-emitting brachytherapy sources
have been used to treat cancers involving a variety of ana-
tomical sites, including eye plaque therapy for choroidal
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melanoma and permanent lung implants,“'12 their most fre-
quent indication today is for the treatment of prostate
cancer.!? Prostate cancer is the most frequent type of cancer
in men in the United States with approximately 180 000 new
cases incident per year and an annual death rate of about
37000.!* While approximately 60% of new cases are con-
fined to the organ at time of diagnosis, only about 2.2% of
these new cases were treated with brachytherapy in 1995.
Since that time, the percentage has increased to about 30% of
all eligible patients receiving implants in current practice.
This increase was largely due to improvements in diagnosis
and case selection facilitated by introduction of the prostate
specific antigen (PSA) screening test, and to improved
ultrasound-guided delivery techniques. In the United States,
the pioneering work was performed by a group of investiga-
tors based in Seattle.!> The most widely used technique uti-
lizes transrectal ultrasound (TRUS) guided implantation of
either 121 or 193Pd brachytherapy sources using a template-
guided needle delivery system to avoid open surgery re-
quired by the retropubic approach.'®"”

Several studies have shown that clinical outcomes in pros-
tate brachytherapy, both for the retropubic approach and the
TRUS-guided technique, correlate with dose coverage pa-
rameters. The extensive clinical experience of Memorial
Sloan Kettering Institute (1078 patients with retropubic ap-
proach surgery) from 1970-1987 was reviewed by Zelefsky
and Whitmore.'® Multivariate-analysis revealed a Dgo im-
plant dose of 140 Gy to be an independent predictor of

recurrence-free local control at 5, 10, and 15 years (p

=0.001). Dy is defined as the dose delivered to 90% of the
prostate volume as outlined using post-implant CT images.
Similarly, a review of 110 implants at Yale University using
the retropubic implant approach from 1976 to 1986 reported
a correlation (p=0.02) of recurrence-free local control after
10 years with Vyp; Vigo is defined as the percentage of
target volume receiving the prescribed dose of 160 Gy.”

Two recent retrospective studies of the TRUS technique
demonstrate that the clinical outcome depends on dose deliv-
ered and prostate volume coverage. Stock et al. reported on
an experience of 134 prostate cancer patients implanted with
1251 and not treated with teletherapy or hormonal therapy.2°
They assessed rates of freedom from biochemical failure as a
function of the Dg, dose. A significant increase in freedom
from biochemical failure (92% vs 68% after 4 years) was
observed (p=0.02) for patients (n=69) where Dy
=140 Gy. Potters et al. recently reviewed the impact of vari-
ous dosimetry parameters on biochemical control for their
experience of 719 patients treated with permanent prostate
brachytherapy.”! Many of these patients also received tele-
therapy (28%) or hormone therapy (35%). Furthermore, 84%
of the implants used ®Pd with the remainder using 1251,
Their results indicated that patient'age, radionuclide selec-
tion, and use of teletherapy did not significantly affect bio-
chemical relapse-free survival (PSA-RFS). The only dose-
specification index that was predictive of PSA-RFS was
Dgyg.

Like the other two studies, studies by Stock et al. and
Potters et al. were based on pre-TG-43 prescription doses of
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160 Gy, and both indicated a steep dependence of clinical
outcome with dose in the range of 100 to 160 Gy. For ex-
ample, Stock reported freedom from biochemical failure
rates of 53%, 82%, 80%, 95%, and 89% for patients receiv-
ing Dgg<100 Gy, 100=<Dg <120 Gy, 120=Dy<140 Gy,
140<Dg<160 Gy and D 160 Gy, respectively. The close
correlation between D, and PSA-RFS, and a dose response
in the clinical dose range of 100 to 160 Gy are strong justi-
fications for improved accuracy in the dosimetry for intersti-
tial brachytherapy, which is the focus of this work. The up-
dated dosimetry formalism and changes in calibration
standards recommended herein will result in changes to the
clinical practice of brachytherapy. The clinical medical
physicist is advised that guidance on ' prescribed-to-
administered dose ratios for '2°I and '®*Pd,will be forthcom-
ing in a subsequent report.

lil. TASK GROUP # 43 DOSIMETRY FORMALISM

As in the original TG-43 protocol, both 2D (cylindricaily
symmetric line source) and 1D (point source) dose-
calculation formalisms are given. To correct small errors and
to better address implementation details neglected in the
original protocol, all quantities are defined. Throughout this
protocol, the following definitions are used:

(1) A source is defined as any encapsulated radioactive ma-
terial that may be used for brachytherapy. There are no
restrictions on the size or on its symmetry.

(2) A point source is a dosimetric approximation whereby
radioactivity is assumed to subtend a dimensionless
point with a dose distribution assumed to be spherically
symmetric at a given radial distance r. The influence of
inverse square law, for the purpose of interpolating be-
tween tabulated transverse-plane dose-rate values, can be
calculated using 1/r2.

(3) The transverse-plane of a cylindrically symmetric source
is that plane which is perpendicular to the longitudinal
axis of the source and bisects the radioactivity distribu-
tion.

(4) A line source is a dosimetric approximation whereby ra-
dioactivity is assumed to be uniformly distributed along
a 1D line-segment with active length L. While not accu-
rately characterizing the radioactivity distribution within
an actual source, this approximation is useful in charac-
terizing the influence of inverse square law on a source’s
dose distribution for the purposes of interpolating be-
tween or extrapolating beyond tabulated TG-43 param-
eter values within clinical brachytherapy treatment plan-
ning systems.

(5) A seed is defined as a cylindrical brachytherapy source
with active length, L, or effective length, Lg (described
later in greater detail) less than or equal to 0.5 cm.

These parameters are utilized by the TG-43U1 formalism
in the following sections.





















































































































