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The National Institute of Standards and Technol@JyST) introduced a national standard for air
kerma strength of the ThreaS&etodel 200'%Pd source(the only 1°®Pd seed available until
1999 in early 1999. Correct implementation of the NIST-99 standard requires the use of dose rate
constants normalized to this same standard. Prior to the availability of this standard, the vendor’s
calibration procedure consisted of intercomparing Model 200 seeds withCd source with a
NIST-traceable activity calibration. The AAPM undertook a comprehensive revié#d source
dosimetry includingi) comparison of the vendor and NIST-99 calibration standdidsgompari-

son of original Task Group 43 dosimetry parameters with more recent st@diesyaluation of the
vendor’s calibration history; angv) evaluation of administered-to-prescribed dose ratios from the
introduction of'%Pd sources in 1987 to the present. This review indicates that for a prescribed dose
of 115 Gy, the administered doses wéag 124 Gy for the period 1988-1997 afio) 135 Gy for

the period 1997-1999. The AAPM recommends that the following three steps should be under-
taken concurrently to implement correctly the 1999 dosimetry data and NIST-99 stand&t#Ptbr
source: (1) the vendor should provide calibrations in terms of air kerma strength traceable to
NIST-99 standard(2) the medical physicist should update the treatment planning system with
properly normalizedto NIST-99 dosimetry parameters for the select@&d source model, and

(3) the radiation oncologist in collaboration with the medical physicist should decide which clinical
experience they wish to duplicate; the one prior to 1997 or the one from 1997 to 1999. If the intent
is to duplicate the experience prior to 1997, which is backed by the long-term follow-up and
published outcome studies, then the prior prescriptions of 115 Gy should be replaced by 124 Gy
to duplicate that experience. ®000 American Association of Physicists in Medicine.
[S0094-240800)00104-9
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l. INTRODUCTION ministered doses conceptually similar'fdl brachytherapy.
Brachytherapy sources containiffPd are widely used for The purposg of this communication s to review thesed .
source dosimetry developments and to present correction

permanent implants of the prostate and other anatomic site . ) . .
Due to evolution of new source strength standards and imtactors defining the relationship between prescribed and ad-

provements in dosimetry of low-energy brachytherapyminiStered dose and dose as a function of time period within
sources, current dose estimates arodifd brachytherapy the history of'®Pd brachytherapy. The term “administered
sources may differ by as much as 17% from doses as eval@ose” is understood to denote the dose calculated using
ated by standard dosimetry protocols. This has resulted i#999-era dosimetry parameters and source-strength stan-
time-dependent discrepancies between prescribed and adards. The goal is to assist radiation oncologists in selecting
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the prescribed dose that best realizes their clinical intent. 199c(d calibration standardAfter further evaluation of
This document represents the guidance of the American As-  their calibration constancy data, Theragenics stated that,

sociation of Physicists in MedicinfAAPM) on this issue relative to the 1988-1990 standam,,, values were
and was prepared by AAPM’'s Low Energy Interstitial essentially constant until 21 September 1997, at which
Brachytherapy Dosimetry Subcommittéehair, J. William- time the reported source strengths were reduced by
son and approved by its Radiation Therapy Committee and ~ 8%2°

Science Council. (3) The availability of several ne#’¥d interstitial products

The first 1°%d interstitial brachytherapy source was the  with calibrations traceable to the NIST WAFAC stan-
Model 200(TheraSeed®source, introduced by Theragenics dard along with dosimetry paramet&r$’ normalized to

Corporation in 1987, which remained the sé%éPd source this standard. The availability of differeft®Pd products
on the market until 1999. Since no primary standard for air- based upon different and potentially incompatible do-
kerma strength ) was available until 1999, apparent ac- simetry systems has created a situation where it is un-

tivity (A4pp. @s measured by an in-house assay method de- clear which prescribed dose should be selected in order
veloped and maintained by the vendor, was used to specify to reproduce previous clinical experience.

Model 200 source strength. Using a N@ll) photon spec- (4) Recent experimentsl and Monte Carlt estimates of
trometer, A,,, was measured by intercomparing the the Model 200 dose-rate constant are 18% smaller than
transverse-axis photon fluence rate of Model 200 seeds with the TG-43 value obtained by renormalization to the new
that of a'®®Cd source standard bearing an activity calibration ~ NIST standard.

traceable to the National Institute of Standards and Technol- . i o
ogy (NIST) primary activity standard. Given this operational These developments |nd|_cate that there is a systematic dl_s-
definition, noa priori relationship betweer\,,, and more _crepancyltgetween prescribed dose and dose actualll)_/ admin-
fundamental quantities such as activity, air kerma, or air{Stered to %Pd brachytherapy patients similar to that'fi

- 2 - .
kerma strength %) can be assumed. Only recently w@gs brach_yth_erap)}.However, unlike thed case, this discrep- '
per unitA,,, rigorously measured. ancy is time dependent due to the 1997 shift in Theragenics

Most clinics have used the dose distribution recom-calibration standard. For the purpose of this report, “admin-

mended by Task Group 43G 43?2 for dosimetric treatment IStéred dose,” denoted b9 55, noes, means calculated dose
planning and evaluation of Model 206%d seed implants. based upon Model 200 dose measurements and Monte Carlo
The TG-43 dose-rate constants, radial dose functions, anisctimulations performed in 1999499D), and normalized to
ropy functions, and anisotropy factors were derived from the?l'-kerma strength calibrationSy noo, which are traceable
TLD dose-rate measurements about the Model 200 sourc@ NIST's 1999 standa'rdz(NQQS).. . .
reported by Meigooli and Chiu-Tsad. To estimate the The problem of relating prescribed to administered dose is

dose-rate constant, dose-rate measurements at 1 cm we&@MmMon to all types ofPd interstitial sources regardless of
normalized to nominaS, inferred from theA,, value pro- manufacturer. Because the entire evaluated and published
app

vided by the vendor at that tim@988 and 198p Although c_IinicaI experieqce of*Pd brachytherapy is base_d upon pa-
this approach does not utilize a well-defined physical quan'yents treated with the Model 200 source, a detailed analysis

tity for source strength specification, it is a consistent system(.)f the Model 200 source dosimeiry parameters and Ther-

As long as Theragenic®,,,calibration assays are reproduc- agen_ics’ (_:alibration practice_ Is necessary t_o determine the
ible from batch-to-batch gpnd remain constant over time. tha€lationship between prescribed and administered dose as a

o o unction of time. Only by reference to the clinical experience
accuracy of computet?*Pd dose distributions is limited only nd prescribed-to—ailjm?/nistered dose ratios assocri)ated with

the accura f th -rate measurement nrlia. o . .
by the accuracy of the dose-rate measurements unde yq is product can radiation oncologists rationally select a pre-

the TG-43 recommendations. : . .
Several developments have raised questions regarding tr(?) r:':rid dose for implants usin§Pd seeds manufactured by

accuracy and constancy of the curréf#Pd dose-calculation

system described above. These include the following
) ) II. METHOD AND MATERIALS
(1) The development of an air-kerma strength primary stan-

dard at NIST applicable to Model 200 seeds as well ad\. Manufacturer calibration techniques for the Model
other low-energy photon-emitting interstitial brachy- 200 source
therapy sources. This standard is based upon the wide Prior to the implementation of NIST's WAFAC standard
angle free-air chamber(WAFAC) developed by in 1999, a primargy standard was not available f83Pd or
Loevinger:~’ The nominalS, derived from the vendor's any other low-energy interstitial seed with the exceptions of
Agpp calibration differs from WAFAC measurements by the 3M (now Nycomed Amershayt?¥ seeds, models 6701,
—24%38 6702, and 6711 Consequently, in the 1980s, Theragenics
(2) Reports from several Model 200 users that the activitydeveloped a method of measuring apparent activity using a
values,A,p,, supplied by Theragenics abruptly shifted Nal (TI) scintillation detector. Al%Pd seed is calibrated
by approximately—10% in the fall of 1997. At this time, through intercomparison to a source with a similar photon
Theragenics informed their users that indeed such apectrum, which has a NIST-traceable contained activity
change had occurred and attributed it to adopting a newalibration.°3d emits photons with energies of 20.1 keV
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TasLE |. Relationship between Theragenics source strength assay, NIST traceable air-kerma strength, prescribed dose and delivered dose'8%a function
calibration standard used, and time period for the Model 200 source. All numbers have three significantgenaesly, one more than is justifiet avoid
round-off error in the final administered doses.

D @ () 4 ® (©) @)

Row Source Time period Sk S, Tnn_, S, Tnn DR \oos
No. strength nn designator ™ By
standard nn Se.Tnn S Dosp rans
1 109cd 5/88—3/90 Sk Tas N/A 0.833 1.079
Standard no. 1
2 109cd 4/90-11/93 Sk 10 0.986 0.845 1.064
Standard no. 2 0.836 1.075
3 105cq 12/93-6/94 Sk To3 1.033 0.818 1.099
Standard no. 3
4 109cd 7/94-9/15/97 Sk Toa 0.963 0.849 1.059
Standard no. 4
5 109¢cq 9/22/97-2000?) Sk 107 1.107 0.767 1.172
Standard no. %
6 109c ! alst quarter Sk o7 1.107+2% 0.767-2% 1.172-2%
Standard no. 6 2000(?)—20?7?
or greatet
Standard Time period Sk ( S(TQ?) DR oss
designator Sk oo DQPSXD,NQQS
7 NIST WAFAC b1 Jan 1999— Sk.noo 0.767 0.899

#1st quarter 2000—

#Proposed Theragenics implementation.

PNIST/AAPM ADCL implementation.

“Dpy assumes\ ggp Tggs Used withSy g Calibration.

9Beginning Dec 1999, Theragenics will maintag,,, at fall 1997 levels independently 6f%Cd source standards used.

(64.79% and 23.0 keV(12.3% with a half-life of 16.99 an appropriate strength standard for weekly verification of
days!® A suitable calibration standard §°Cd, which has Nal (Tl) spectrometer sensitivity. Recently, Theragenics ana-
photon energies of 22 ke¥85.2%), 25 keV (16.81%, and  lyzed some of its weekly efficiency check data going back to
88 keV (3.61%, and a half-life 462.6 day®. The'%®Cd cali-  1988. For each calibration source, the last 6 KE) effi-
bration standards are purchased with NIST-traceable activitgiency measuremeniount ratef’®Cd activity) performed
calibrations with an assigned uncertainty ©#6%. These were compared to the first six efficiency measurements per-
sources are calibrated in terms of activity by intercomparingormed with its replacemerf. By comparing the average
their 88 keV photon emission rates with NIST’s emission-efficiency measured befora(;_;) and after on;) replace-
rate standard. Theragenics us€€Cd low-to-high energy ment of the!®®Cd source implemented in yeant,_,), the
branching ratios to calibrate their spectrometer with respedractional change in  apparent activity values,
to the low-energy photon emission rate. The spectrometer iAapp,TnnH/Aapp,Tnni, due to calibration source replacement,
then used to measure the 20—23 keV photon emission raién be estimated. The corresponding nominal air-kerma
from Model 200 seeds representing each batch, which are i@trength,SK,Tnn is given by’

turn converted to apparent activity using tabulated photon
yields per disintegration. The symbol;,,r,," is used to

SK,Tnn:Aapp,Tnn' (Fé)x' (_

denote the quantity measured by Theragenics’ assay, where e

the “T” of the subscript “Tnn’ denotes Theragenics and R.cn?

“nn’ denotes the year, e.g., b9, that thel®*Cd standard, = Auoornn 1.476——— - 0.876 cGy/R

to which the measurement is traceable, was implemented. As PP mCi-h

defined by Theragenic#\,,p1nn is the activity of an unen- = Auppnn- 1.293 U/MCi. 1)

capsulated point source that has the same photon emission

rate as the given seed on its transverse axis. For each batdHe unit of S¢, denoted by U, is defined as W©

the apparent activity calibration is transferred to a dose cali=1uGy-m*h™'=1cGy-cn?-h™%. Thus, the apparent activ-

brator for assaying the remaining seeds in the batch. Not#y ratio is identical 0S¢ tan ,/Sk tnn (s€€ column 5 of

that A,ppnn is fundamentally different from apparent activ- Table ). The first calibration source, implemented in year

ity as defined by the AAPM’ Agppngg, Which is a quantity nn=1988, covers the 1988-1990 time period during which

derived from NIST’'s 1999 standar@ ngg- the Meigoont and Chiu-Tsabdose-rate measurements were
Theragenics replaces thei?®Cd sources approximately performed. These data indicate that Theragenics’ assay was

every three yeargee Table |, column)3n order to maintain ~ essentially constant until fall 1997, when the air-kerma
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strength ratioSx 194/ S 197, iNCreased by 10.7%column 5,  spectrum, the poor energy resolution of Nal) scintillators,

row 5 of Table ) corresponding to the decreaseAg,, ini- and uncertainty of the low-energy photon emission rate de-

tially observed by several physicists in 1997. Beginning withrived from the'®®Cd sources. This discrepancy will not cause

replacement ot°Cd source no. anticipated first quarter of patient dose delivery errors, i is accurately measured and

2000, Theragenics will maintain theirA,,, calibration  A,y,has a constant relation to tr& . By combining Eq(2)

within =2% of its post-1997 level regardless of tf8Cd  and column(5) of Table I, the ratioSg 1nn/Sk ngo CAN be

source standard used. derived. Between 1988 and fall 1997, this ratio has remained
The above analysis depends on the assumptions(@hat constant within=2% of its average valueSk t-g97/Sk ngo

calibration shifts have been caused only by variations in the=0.836. As noted above, Theragenics has declared its inten-

low-energy photon emission rate per unit stated strength dfon to maintain theirA,,, assay at post-1997 levels regard-

the 1°°Cd standards, antb) S, when independently mea- less of which'®®Cd calibration source is used. Thus the ratio

sured by an appropriate instrument such as the WAFAC, i§¢ 197/ Sk nge=0.767 will be valid for the foreseeable future.

proportional to NalTl) count rate. This view is supported by To minimize round-off errors, all intermediate quantities, in-

the fact thatA,,197-10-S¢ ngg ratios (where S ngg repre-  cluding the above ratios, carry an additional digit beyond the

sents air-kerma strength as measured by NIST's WAFACnumber justified.

are nearly constant over the range of internal source geom-

etries characteristic of the Model 200 manufacturing

history® The uncertainty of theé®Cd low-energy photon C. Recent dose-rate constant measurements and

emission rate could be larger than theb% uncertainty calculations

specified by its vendor because the 20—-25 keV photon emis- The dose-rate constant recommended by TG 43 for the

sion rate per unit activity may vary from source-to-source,;, 4ol 200 source is based upon TLD dose-rate measure-
relative to the 88 keV emission rate upon which traceability ., .« reported by Meigochand Chiu-Tsad.To estimate

of its activity calibration is based, due to small variations inthe dose-rate constantgep 1ess, TG 43 took t.he average of
source geometry. Theragenics’ calibration protocol require§hese two reported measurements and applied a multiplica-

10 Thrati
) 3P|d seed dcl:(f)aglcl:bdratlondtodbe_ Eased on the TOSth_rfC?ntlﬁve correction(1.048 to convert from solid water measure-
Implemente standard without correcting for Shifts In e medium to a liquid water reference phantom:

spectrometer efficiency relative to either the immediately

preceding standard or the one used in 1988. In practice, Dgsp( 6= m/2,; =1 cm) 11
Theragenics has attributed these observed shifts to actual \esp,Tess= Sk 188 =0.74cGyh U
changes in the Na(Tl) spectrometer efficiency, not to dif- ' (3)

ferences in the low-energy photon emission rate per unit aci'he first subscript, 95, refers to source of measured dose
tivity between different calibration sources. Hence the corre- T

sponding readjustments iA,p,thn PEr UNit Spectrometer rate at 1 cmDgsp (6= /2 =1 cm), which in this case is

reading were viewed as corrections needed to maintain accif?® TG-43 report published in 199Fhe “D" stands for
racy of the calibration procedure. “dosimetry.”) The second subscript, terminating in ag™

for “strength,” refers to the source calibration standard,
which in this case is Theragenic&;,,assay from the period
B. NIST calibration techniques for the Model 200 1988-1990 (T88). In preparation for implementing the
source Sk noo Standard, Theragenics has commissioned two dose-

The WAFAC is a cylindrically symmetric free-air cham- rate constant determinations. Using TLD dosimeters in a
solid water phantom, Natf reported a dose-rate constant,

ber with circular electrodes on its proximal and distal faces PR .
consisting of very thin aluminized Mylat’ with a collection Ago,nges, value of 0.65-0.05cGyh l'g‘n . Using Monte
volume large enough that individugi®Pd and"®3 seeds can Carlo simulation te,clhmgfes' WilliamsStreported a value
be calibrated. Since 1 January 1999, the WAFAC has beeﬂf 0.68t_0.02(:Gyh ‘U . Averaging EflesgPNo estimates,
the basis of the U.S. national standard for air-kerma strengtﬁ’f’e ObtainA ggo,nges= 0.665+0.03cGyh™=- U

Over the period December 1998 to July 1999, NIST cali-
brated 12 Model 200 seeds in termsSxf o9 in preparation
for standardizing the Model 200 source in terms of air-kerm
strengtt? The NIST measurements deviated significantly
from the vendor'sSy tg7: The Model 200 source has undergone small changes in its
internal geometry(mostly changes in thickness of the Pd
metal coating the graphite pellgteesulting from the ven-

. Constancy of TG-43 dosimetric parameters over
odel 200 life span

SK,vendor_ SK,T97

Sk,NIsT  Sk,Ngo dor’s transition from lower specific activity reactor-produced
[ Aoy (T'9)x- (W/e) o7 103 (hereafter denoted as “heavy seedisto higher spe-

= S =0.767+0.8%. (2 cific activity accelerator-produced radioactive material

K,N99 (“light seeds”). To evaluate prescribed-to-administered dose

Differences of this magnitude are not unexpected, given theatios over the Model 200 lifespan, the validity of the
influence of the Model 200 source geometry on tH#®d  “99D” dosimetry parameters must be independent of these
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geometry changes. In addition, any significant differenceseeds is traceable. In genefBpp#Tnn. Then, the total
between the “99" relative dosimetric ratios and the corre- dose at a point,D () kp tnns, N€Ar an implant consisting of

sponding TG-43 data must be accounted for. M seeds is

As of this writing, all published descriptions of Model M
200 source dose measurements, with the exception ofNath D(F —1.443T D F—F 6)
(which is limited to the dose-rate constgrare based upon (Nicko,Tans™ 1/22'1 o Tond| 0 (

the heavy seed design. Recently, WilliamSbased Monte wherer; is the position of theth seed and',, is half-life of

Carlo simulations to evaluate the sensitivity of the Modeliospy A5 giscussed by Bid,the relationship betweepre-
200 parameters to specific activity. His study shows thatscribed doseDgsxD TnnS(based on thiek= 95 relative dosim-

Agep nogs is nearly independent of the internal geometryetry parametersi gsp Tgas, Yearnn Theragenics calibration
variations associated with the transition from heavy to light, ). and the administered doseDR (derived '
seeds. In addition, calculated radial dose functigygs), for frg?‘r){ﬂig’% dosimetry normalized to th‘égDi“éggg NIST stan-

slmula:jed heavy ar:d l!?hhisee_?é iga getarly |ﬂen:|hcal,‘$]nd ar(?ard, is given by averaging the ratio of the doses calculated
n gé),? agreemenfvyl'g The I- | ‘Za and other ‘ €aW%n the two systems with respect to positionin a typical
seed”’measurements: e calculated anisotropy func- implant. This yields

tions for heavy and light seeds are also similar, with light
seeds exhibiting somewhat smallé2%) anisotropy con- DgRg;(D‘Nggs_ D ()99, nogs
stants,¢,(r). The calculated heavy-se&(r,d) data are in D(Fosp trng

reasonable agreement with measured data. However, there ) N
are no directly measure(r,6) data in the literature for where the brackets denote averaging over position. In the

currently produced light seeds. Wea¥ehas used Monte 9eneral case, the radial dose functions used by the prescrip-
Carlo simulation techniques to inféx(r, 8) from photon flu- tion and administration dosimetry systems could differ sig-

ence anisotropy profiles measured in air at 1 m from “light” nificantly, requiring numerical evaluation 6f). However, in
our case, combining Eqg5)—(7) with Eq. (4) yields the
following simplified expression:

)

Px -
D95D,TnnS

seeds. The resultant value aan=0.87 is consistent with
Williamson’s calculations but about 3% smaller than the

0.90 value recommended by TG 43. However, in the absence Dg*gD'Nggs Agop noss| [ Sk neo
of empirically validated Monte Carlo anisotropy calcula-  pPx =IA I3 - (8)
95D, TnnS 95D, T88S K,Tnn

tions, the AAPM does not believe there is sufficient evidence ™ - _ .
to warrant revision of the TG-43 anisotropy constant at thisThis gives the dose administered to dose prescribed ratio for
time. To summarize, for the purposes of reconstructiiigd  patients who were treated according to TG-43 dose calcula-
dose administration history, the AAPM recommends the fol-tions using seeds with vendor-supplied yearcalibrations,

lowing approximations: relative to 1999 dosimetry calculations based upon the NIST
_ 1 _ WAFAC standard. The rati®g noo/ Sk 1nn IS the ratio of
Agon,noes=0.665CGYh™"- U™ Goon (1) ~gosn(r), source strengths as measured relative to the indicated stan-

- - @ | i
Foon(F,0)=Fasn(r,0),  banon=banon - dards for same physical seed at the same time.

E. Dose calculation formalisms: Prescribed versus IIl. RESULTS AND DISCUSSION
administered dose The main results of this communication, the

The discussion above suggests that the dose received b)p£9>|(3,w99s/ DggD,TnnSratios as a function of year of treatment,
patient implanted with Model 200 sources depends both o€ given in Tables | and Il. Column 7 of Table | gives the
the source of dosimetry data and the year the sources wef@lio of administered doie to prescribed dose for the time
calibrated by Theragenics. In this section, an expression jgeriod covered by each QCd calibration source used by
derived that relates dose prescribed based on a given dosir€ragenics. During the period 1988 to September 1997, this
etry dataset and source strength standard to administer&@lio ranged from 1.059 to 1.099, averaging 1.075. Columns
dose(dose calculated using B9dosimetry data and calibra- 6—8 of Table Il recapitulate the same data, except that the
tions traceable t@S yoo). For an arbitrary dosimetry data dose ratio for the 1988—-1997 period is replaced by a single

set,kk, and Theragenics calibration standafdn the dose- average. Columns 7 and 8 of Table Il give the administered

rate from a single seed using the isotropic point-sourc&l0Ses for an assumed prescribed dose of 115 Gy. The AAPM
formalisn? is given by recognizes that although 115 Gy is a widely usgd dose pre-
scription, other values have been used. To obtain the admin-
istered dose corresponding to a different prescribed dose
value, the latter should be multiplied by the appropriate ratio

(5 in column 7 of Table | or column 6 of Table II.

These results show the following:

kkD

. ro\? _
DkkD,Tnnir):SK,Tnn'AkkD,Tpp{<T) “g(r)- dan

where ro=1cm is the reference distance. The subscript
“Tpp’ denotes the Theragenics calibration standard to(a) For implants performed during the period 1988—1997,
which the dose-rate constant is normalized whilenti’ de- the administered doses are estimated to be approxi-
notes the standard to which the strength of the implanted mately 8% higher than prescribed doses. Thus a typical
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TasLE Il. Simplified version of Table | obtained by averaging results for time periods 5/88 to 9/97. The dose prescription of 115 Gy is used for illustrative
purpose only and does not imply AAPM endorsement of this policy.

@ @ () ) ® (6) @) ®

Row Year NN S, Standard Sk Tnn/ Sk noo Dose-rate DgRng oSS Prescribed Administered
no. nn constant aDpx—' dose dose
kk KkpnnS DEkxD,nns(GY) D<§9XD,N995(GY)
1 1988-1997 Sk T~97=average of 0.836 Agsp Tass 1.075 115 124
Sk, 8g tO Sk 104
2 1997-20?? 105Cd No 5 or 0.767 Agsp Tass 1.172 115 135
greater:S to7
3 >1999 Sk noo 1.00 Agsp Tass 0.899 115 103
4 >1999 Sk Ngo 1.00 Agop Nogs 1.000 115 115

Dy, assumes\ value in column(5) used withSy standard in columit4).

prescribed dose of 115 Gy, planned on the basis oflose of 115 Gy. To date, no publications are available to
TG-43 dosimetry parameters\ sy 1ags) and the ven- quantify the effects on tumor control and complications, if
dor's S¢ t<g97 @assay, resulted in an administered doseany, resulting from this larger administered dose. The goal of
of 124 Gy based upon 1999 dosimeti{dop nogs @nd  the AAPM is to provide radiation oncologists and clinical
Sk nog) estimates. physicists with conversion factors relating prescribed and ad-
(b) For implants performed during the period 1997-1999 ministered doses for different dosimetry data and calibration
the administered doses are estimated to be approxstandards that will aid in selecting the prescribed dose that
mately 17% higher than prescribed doses. Thus a typibest serves their clinical intention.
cal prescribed dose of 115 Gy, planned on the basis of The dose administered/dose prescribed ratios presented
TG-43 dosimetry parameters\ 55 1ags) and the ven- here describe only the systematic effects of modified dosim-
dor’s Sk 197 assay, resulted in an administered dose ofetry data and source-strength standards. Many other effects,
135 Gy based upon 1999 dosimetry. Beginning withsuch as dose heterogeneity within individual implants, uncer-
implementation of the sixth®®Cd standard, Theragen- tainties in individual seed calibrations, and patient-to-patient
ics will maintain their calibration assay at post-1997 variations in prostate coverage achieved, may affect the re-
levels. Thus the administered-to-prescribed dose ratidationship between prescribed and administered dose for in-
will remain at 1.17 for the foreseeable future. dividual patients. These factors, which vary significantly be-
(c) For all types of*¥d interstitial sources, including the tween patients and brachytherapists, are not considered here.
Model 200 seed, treatment plans based on the NISTndeed, one possible clinical interpretation is that the 10%—
1999 standard 3« ngg) @nd appropriately measured or 20% systematic changes in administered dose considered by
calculated 1999 dosimetry data {on nogs) Will result  this report are unimportant in view of the large, apparently
in equality of prescribed and administered dose. Henceandom patient-to-patient fluctuations in the administered-to-
a prescribed dose of 115 Gy will result in an adminis-prescribed dose ratio. However, the AAPM emphasizes that
tered dose of 115 Gy. As of this writing, such datd*  the issues addressed by this report are systematic changes

is available for the Mentor PdGold seed. that influence all patient treatments in addition to the normal
(d) Finally, if a clinician were to continue using unmodi- “random” uncertainties in treatment delivery.
fied TG-43 dosimetry parameters\ §sp tggs) in con- No rigorous evaluation of the uncertainty in the

junction with the 1999 NIST standard, the administeredadministered-to-prescribed dose ratios of Tables | and Il has
dose would be approximately 10% lower than the pre-been performed. Th& t97/Sk nog ratio was measured by

scribed dose, i.e., 115 Gy prescribed would result in aNIST and has an uncertainty of about 1%, while thg, and
administered dose of 103 Gy. Agop nogs €Stimates have uncertainties of about 3% and 5%,

respectively. ThéSK,T,mi71/S;K,Tnni ratios were based upon a

The data presented here indicate that most of the patients . . , .

. . . retrospective review of proprietary data by Theragenics per-

treated with a prescribed dose of 115 Gy received, on aver- . . .

: . ; . sonnel and were provided to the Subcommittee without un-

age, 124 Gy prior to 1997. This cohort of patients mcludesCertaint estimates. Assuming that tBe /s ra
all of those followed for more than 5 years and is our best’ y ' g Tn /9K, T

estimate of the monotherapy prostate implant doses actualjPS Nave uncertainties of about 3%, the administered dose
administered to the patients included in published retrospec/2lués of Tables I and Il have uncertainties on the order of
tive reviews assessing clinical outcon?®&? Therefore, a  ©70-
prescribed dose of 124 Gy best reproduces the evaluated
gtglga;dedﬁgigzgcs bas_ed solely on the limited physical |s-|}/. CONCLUSIONS AND RECOMMENDATIONS

y this report. However, a large cohort 0
patients treated between 1997 and the present time have re- To implement the recommendations of this report, the fol-
ceived a larger average dose 135 Gy for the same prescribéalwing three steps need to be implemented concurrently.
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(1) The AAPM recommends that vendor calibrations ofduplicate TheraSeed® treatments given in the 19909
10%p( interstitial brachytherapy sources be indirectlyperiod based on a stated prescribed dose of 115 Gy?
traceable to NIST's WAFAC-based air-kerma strength  Answer: It is expected that Mentor and oth€fPd source
standard. Vendor calibration certificates should specifyyendors will give calibrations traceable to the 1999 NIST
calibrations in terms of air-kerma strengB nes, di-  standard $¢ yee) and use dosimetry daté@9D) properly
rectly. _ o normalized to this quantity. Thus administered and pre-

(2) The AAPM recommends that medical physicists shouldgejned dose will be equal. If you want to duplicate the pre-
utilize dose-rate constants\ep nogs) that are normal- ) gg7 experience, you should prescribe 124 Gy. Alterna-
ized to theS¢ gy calibrations, described above, in all tively, if you want to duplicate the 1997—2000 experience,

3) ;Eﬁ:t?:ginp:izzxgnzggse%ﬂ??ggigt?oonsincca:)lfoug:m%& you should prescribe 135 Gy for an administered dose of 135
Gy.

the assistance of medical physicjstenvert dose speci- ) ) o
fications and prescriptions based upon older dosimetry (3) | @m using Model 200 seeds with calibrations trace-
systems into the current recommended dosimetry systeP!€ t0 the NIST 1999 standard and 1999 dosimetry data
(Using A gep nges) USiNg the conversion factors given in normalized to this standard. Which prescribed dose should |
Tables | and Il of this report. This effort requires the Use?
radiation oncologist to identify the clinical experience to  Answer: See the reply to questiof2) above. Once all
be duplicated or improved upon. vendors have implemented the 1999 NIST standard and
compatible dosimetry is available for all source models, dose
The system for specifying absorbed dose described by regyescription issues will be identical for all source models.
ommendation$1)—(3) should be used for prescribing treat- (4) which seed type (Model 200 TheraSeed®, Mentor
ments, documenting treatments in the medical record, angyGold, or other source types which are entering the mar-
communicating treatment results and protocols to Otherﬁ(et) guarantees the most accurate, clinically appropriate or

Dose prescriptions based upon older dosmgtry data anq O%’onceptually straightforward method for selecting the pre-
solete source-strength standards not meeting these criteria

. . scribed dose for my patients?
should be translated into these terms using Tables | and II. . . .
9 Answer: With regard to the issues addressed by this re-

port, all seed types are equal. Radiation oncologists using
ACKNOWLEDGMENT TheraSeed®nust recognize that administered doses and pre-
The Subcommittee members would like to thank Dr. Ty-scribed doses have never been equal and that this relation-
dings Robin of Theragenics Corporation for the many infor-ship changed in 1997. They must decide whether to continue
mative discussions on the basic issues addressed by this §sing the larger post-1997 administered dose of 135 Gy, re-
port and for analyzing and making available the sourceqyce the dose to pre-1997 levels, or select an intermediate
strength ratios cited in this report. dose. With other source types, radiation oncologists should
review the history of TheraSeed® treatments as given in
APPENDIX: EXAMPLES AND FREQUENTLY Table Il and make the same decision. Using Table I, any
ASKED QUESTIONS “old dosimetry” TheraSeed® treatment can be translated
(1) My practice is based upon using Model 200 seedsnto 1999 dose-specification language. After Theragenics
along with TG-43 dosimetry data and Theragenics’ 1997adopts the NISTS¢ standard early in 2000, dose specifica-
source-strength assay. Being very conservative, | decline ttion issues will be identical for all seed types.
implement Recommendations (1) and (2) and will continue to  (5) | have been using the Memoral Hospital nomogr%f’ph
use Theragenics’ 4, assay values with the original TG-43 for determining what source strength to order for Model 200

dosimetry parameters. Which prescribed dose should | use nplants. Can | use this tool for othéf3Pd source models
ensure that my patients receive administered doses charag—sing 1999 dosimetry andSyos?

teristic of the 19881997 era? Answer: Not without significant modifications. For a

. Answer:_ Row 1 O.f Table Il shows that the pre—1997_ pa’.rgiven seed spacing and target volume, the Anderson nomo-
tients received administered doses of 124 Gy. Beginning i . . . :
graph gives the source strength in mCi needed to deliver a

f“ 1997 and through 'th.e remaining life .Of the Theragemcs rescribed dose of 115 Gy assuming Model 200 seeds, the
app @ssay, the administered-to-prescribed dose ratio

1.172(Table I, row 2 will be applicable. To administer 124 AappTss calibration and. the d'osimetry parameters published
Gy, 106 Gy (=124 Gy-1.172) should be prescribed. Care by Chiu-Tsao which differ slightly from the TG-43 param-
should be taken to distinguish betwedgy,ro; (the Ther-  ©ters. The nomograph results must be corrected for the
agenics apparent activityand A,ppnes (the value derived —choice of prescribed dose relative to 115 Gy and any differ-
from the NIST 1999 standard as recommended by AAPM €ence between the 1999 dosimetry parameters appropriate for
asAgppnog IS 30% larger tham ,pp1o7. the seed type you have selected and $hg g standard to

(2) What prescribed dose should | use in conjunction withwhich its calibrations are traceable and those of Chiu-Tsao
Mentor PdGold Seeds or other vendor supplying seeds witiwvhich are based on the Model 200 source and Theragenics’
1999 dosimetry data and NIST 1999 calibrations, if  want toA,,,1ss assay method.
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1. Whom to contact for further assistance

If you have questions regarding the recommendations of

this report or implementing them in your clinic, please con-
tact the Radiological Physics Cent&PQC at MD Anderson
Cancer Center, Houston, TX &t13) 792-3226.

SYMBOL GLOSSARY

NIST
nology
Model 200
(TheraSeed®
source: Theragenics CorporatidfPd interstitial
brachytherapy source
air-kerma strength in units of U where
1U=1uGy-m?>-h '=1cGycn?-h!
wide angle free air chamber: NIST's ex-
perimental realization of the primar$y
standard for low-energy (<50 keV)
photon-emitting brachytherapy sources
103pd source air-kerma strength traceable
to NIST's (N) WAFAC-based primary
standard implemented in 1999.
apparent activity in traditional units of mCi
apparent activity derived fron®y nog as
defined by the AAPM-’

_ SK,N99 _ SK,N99
PPNS9™ (T ) - (W/e)  1.293 U/mCi
Apparent activity value measured by Ther-
agenicqT) relative to the!®®Cd calibration
source implemented in yean.
nn; is the year that theith calibration
source was implemented by Theragenics.
The source strength standard under discus-
sion is denoted by the subscrift and the
previously used source, implemented in
yearnn;_4, is denoted by the subscript (
-1).
nominal air-kerma strength derived from
Agpprnn  Using AAPM’s recommended
conversion factor 1.293 U/mCi.
total calculated dose based upon dosimetry
(denoted by ‘D" ) parameters published or
measured in yeakk and source strength
assays traceable to the standédeénoted
by “S’) maintained byX(X=T for Ther-
agenics orX=N for NIST) as imple-
mented in yeann.
the dose-rate constant

S«

WAFAC

SK,N99

Aapp
AappNgg

Aq

AappTnn

nn;,nn;_q

SK,Tnn

DkkD,XnnS

Awkp,xpps in units of

cGy-h .U ! as derived from dose mea-

surements performed/published in yddr
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A99D,N996

Rx
National Institute of Standards and Tech- Dgop,nogs

I:)'E)SD,TnnS

641

agenics’ assay based upon tHéCd stan-
dard No. 1 implemented in 1988Xpp
=T88)

the dose-rate constant for the Model 200
based upon recent TLD measurements or
Monte Carlo calculations(*99D"”) and
normalized to the NIST 1999 standard,
Sk, Ngo-

dose administered to a patient based on
dose calculations assumin@ seed cali-
brations traceable to th ngg and(ii) do-
simetry parameters, including ggp nogs
based upon recent dose measurements/
Monte Carlo simulations normalized to
Sk, Ngo-

dose prescribed to a patient based upon
dose calculations assumin@ seed cali-
brations traceable to the Theragenics assay
Agpprnn and (i) the TG-43 dosimetry pa-
rameters, includingA gsp tggs. Note that
nn need not denote 1988.
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