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Abstract

Purpose: Intraoperatively implanted Cesium-131 (131Cs) permanent seed brachytherapy is used to deliver highly
localized re-irradiation in recurrent head and neck cancers. A single planar implant of uniform air kerma strength
(AKS) seeds and 10 mm seed-to-seed spacing is used to deliver the prescribed dose to a point 5 mm or 10 mm perpen-
dicular to the center of the implant plane. Nomogram tables to quickly determine the required AKS for rectangular
and irregularly shaped implants were created and dosimetrically verified. By eliminating the need for a full treatment
planning system plan, nomogram tables allow for fast dose calculation for intraoperative re-planning and for a second
check method.

Material and methods: TG-43U1 recommended parameters were used to create a point-source model in MATLAB.
The dose delivered to the prescription point from a single 1 U seed at each possible location in the implant plane was
calculated. Implant tables were verified using an independent seed model in MIM Symphony LDR™. Implant tables
were used to retrospectively determine seed AKS for previous cases: three rectangular and three irregular.

Results: For rectangular implants, the percent difference between required seed AKS calculated using
MATLAB and MIM was at most 0.6%. For irregular implants, the percent difference between MATLAB and MIM cal-
culations for individual seed locations was within 1.5% with outliers of less than 3.1% at two distal locations (10.6 cm
and 8.8 cm), which have minimal dose contribution to the prescription point. The retrospectively determined AKS for

patient implants using nomogram tables agreed with previous calculations within 5% for all six cases.

Conclusions: Nomogram tables were created to determine required AKS per seed for planar uniform AKS 3'Cs
implants. Comparison with the treatment planning system confirms dosimetric accuracy that is acceptable for use as
a second check or for dose calculation in cases of intraoperative re-planning.
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Purpose

The standard of care for patients with recurrent head
and neck cancers is surgical salvage when feasible. The
role and use of radiation are less well-defined; many pa-
tients in this group have previously received radiation
and/or chemotherapy, which often limits the use of addi-
tional radiation due to the high-risk of toxicities.

Unlike external beam radiation therapy, Cesium-131
(B1Cs) permanent brachytherapy seed implants can be
used to deliver highly localized re-irradiation in this set-
ting. Cesium-131 is an electron-capture radionuclide that
is gaining popularity in permanent seed implant (PSI)
brachytherapy. The average photon energy of IsoRay™’s

Proxcelan ¥!Cs is 30.4 keV [1], which is slightly higher
than that of lodine-125 (**I) or Palladium-103 ('%*Pd)
and can lead to improved dose homogeneity in prostate
PSI [2]. Furthermore, the half-life of 1*1Cs is 9.7 days [1],
shorter than that of %I or 1Pd, which can reduce the
overall exposure to family members, and can be advanta-
geous from a radiobiological standpoint [3].

Since Food and Drug Administration (FDA) 510(k)
approval in 2003, the use of *'Cs for PSI has been in-
vestigated for the treatment of prostate cancer [2,4,5,6],
brain metastasis [7], recurrent gynecological cancers
[8,9], lung cancer [10], and recurrent head and neck
cancers [11,12,13]. Dosimetric parameters such as en-
ergy spectrum and dose-rate constant have been deter-
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mined using Monte Carlo simulations, radiochromic
film, and thermoluminescent dosimetry measurements
[1,14,15,16,17,18,19].

At our institution, 13!Cs implants following historical
planar implant techniques are performed for resectable
recurrent head and neck cancers at the time of surgical
intervention. Treatment planning is typically done prior
to surgery with a sophisticated brachytherapy treatment
planning system (TPS), however, sometimes the treat-
ment plan is changed during surgery due to intraoper-
ative findings. In these cases, a nomogram can be used
by the physicist to provide an estimate of the adjusted
implant dose. Additionally, a nomogram can be used as
a secondary check of the treatment plan created with the
brachytherapy dose calculation system for all cases. Un-
like other radionuclides, 131Cs was first used in PSI well
after sophisticated TPS were standard in clinics, so stan-
dard implant tables have not been published [20,21,22].

In this work, nomograms for efficient and simple
point dose calculation of rectangular and irregular planar
implants prescribed to a point 5 mm or 10 mm away from
an implant plane are presented. The prescription dose is
not defined, and nomogram tables may be used for any
prescribed dose.

Material and methods
Clinical treatment planning and prescription

Cesium-131, Proxcelan Model CS-1 Rev2 (Isoray
Medical, Richmond, WA) (Figure 1) implants are used to
provide highly localized re-irradiation in recurrent head
and neck patients at the time of salvage surgery. Source
placement follows historical planar implant techniques.
Uniform strength seeds for PSI are ordered pre-loaded
in individual strands or in a mesh. Seeds are stranded
10 mm apart, with the intent to implant individual
strands 10 mm apart. If a mesh is ordered, seeds are sewn
into the mesh in a 10 mm by 10 mm grid pattern. The
number of seeds required for an implant is determined
by the estimated size of the future post-resection cavity.
Dose is prescribed to a point 5 mm from the center of
a single-plane implant. If the prescription point falls di-
rectly above a seed, as is the case for an implant with an
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Fig. 1. The source geometry for Proxcelan *'Cs seeds.
Image provided by IsoRay Medical

odd number of rows and/or columns, the prescription
point is moved 5 mm parallel to the implant plane in
one or two directions such that it lies in between four
seeds. For rectangular or symmetric irregular implants,
the direction of the shift is irrelevant; for asymmetric
implants, the prescription point is shifted towards the
side(s) with more seeds (Figure 2). Air kerma strength
per seed in U is selected such that the prescribed dose is
delivered to this point and is rounded to 1 decimal place
for seed ordering. This rounding error will be < 3% for
all seed activities >1.5 U.

While there is a number of commercially available
brachytherapy treatment planning systems, most of
them do not cater to the specifics of this type of free hand
strand or mesh placement within the surgical cavity. Cur-
rently, treatment planning is performed in MIM Sympho-
ny LDR™ (version 6.5, Cleveland, Ohio). The estimated
resection cavity dimensions and optimal implant plane
are determined in collaboration with the radiation oncol-
ogist and surgeon. Seeds are manually placed in a grid
pattern, and the prescription point is identified and de-
lineated. The seed AKS is iteratively adjusted such that
the prescription dose is delivered to the prescribed depth.
This planning process requires coordination between the
medical physicist, radiation oncologist, and surgeon,
and can take a few hours from scan import, physician(s)
contouring, and physicist planning to final physician(s)
approval. Treatment planning using a nomogram can be
done in minutes based on physician described implant
dimensions rather than import and contouring of 3D vol-
ume imaging.

Rectangular implant tables

Calculations for rectangular implant tables were
performed using MATLAB (Mathworks®, Natick, MA).
The ¥1Cs (Rev 2) point source and line source seed
model data, as per the American Association of Phys-
icists in Medicine’s TG-43 equation [23] (dose-rate
constant, radial dose function, and 1D/2D anisotropy
functions [17]) were input into MATLAB. Linear inter-
polation between each data point was used. The dose-
rate at a prescription point 5 mm or 10 mm away from
the implant plane was calculated for rectangular arrays
of 1 U seeds placed 10 mm apart in a grid pattern rang-
ing from 1 x 1 up to 16 x 16 seeds. The total dose de-
livered by a single seed n was calculated by integrating
the dose-rate of that seed D, over the duration of the

permanent implant.
o0
'[ D 1t/ Tp2)
0

D, = dt

0n E

The total dose delivered to the prescription point over
the lifetime of the implant was calculated by summing the
contribution from each seed # in an implant of N seeds:

N o N
. 1/ Typ) Tl 2 .
Dtotal =Z J- DO,n E dt= T/l% DO,n
n=1

n=10
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Irregular implants

To determine the dose delivered by a non-rectangu-
lar planar implant, the dose rate at the 5 mm and 10 mm
prescription points from a single 1 U seed at each pos-
sible location in the 16 x 16 cm? grid was calculated in
MATLAB using the methods described above for regular
implants. This was done using the 1D and 2D formalisms.

Verification of implant tables using MIM
Symphony LDR

Verification of the implant tables was performed in
MIM Symphony LDR™ for the 1D and 2D formalisms.
The point source seed model data were input into MIM
during previous commissioning [24]. Seeds were placed
at a distance of 10 mm center-to-center in a single planar
arrangement. The total dose delivered by a 1 U seed was
recorded for each possible seed position in the 16 x 16 cm?
grid to verify the irregular implant tables, and the total
dose from an array of seeds was recorded to verify the
rectangular implant tables. These values were compared
to those calculated in MATLAB.

Application to patient implants

Nomogram tables were used retrospectively to de-
termine the required seed AKS for the three most re-
cent rectangular and three most recent irregular clin-
ical implant cases. All six implants were prescribed
60 Gy to a point 5 mm from the implant plane. The im-
plant geometry and prescription point for each patient
are shown in Figure 2.

For the rectangular plans, the dose rate in the im-
plant table represents a rectangular arrangement of 1 U
seeds. The desired AKS is calculated using the following
equation:

Prescription dose
Dose delivered to prescription point
by 1 U seeds

For irregular seed arrangements, the desired AKS per
seed is obtained by dividing the prescription dose by the
sum of the total dose delivered to the prescription point
by each seed in the implant:

Required AKS =

Prescription dose
Y seeas Dose delivered to prescrip-
tion point by seed n

Required AKS =

The required AKS calculated by the implant tables
and by MIM were recorded.

Results
Rectangular implant tables

The total dose delivered to 5 mm and 10 mm prescrip-
tion points by a planar array of 1 U seeds calculated in
MATLAB are presented in Table 1 (1D formalism) and
Table 2 (2D formalism). Using the 1D formalism, all dif-
ferences in required AKS between MATLAB and MIM
were less than 0.6%. Using the 2D formalism, all differ-
ences were less than 1.4%.
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Fig. 2. The implant geometry for the three most recent
rectangular and irregular patients. The projection of the
prescription point onto the implant plane is indicated by
the blue “x’". The prescription point is 5 mm perpendicular
to the implant plane for all six implants

Irregular tables

The dose delivered over the lifetime of an implant
by a 1 U seed at each location in an implant to prescrip-
tion points located 5 mm and 10 mm perpendicular to
the center of the implant plane are presented in Table 3
using the 1D and 2D formalisms. The numbering along
the table edges are used to represent the seed indexing
number, and not a distance from the prescription point.
To highlight differences between the two dose calculation
formalisms, bolded values indicate a difference between
line and point source models that are greater than 5%
for a single seed’s contribution to the prescription point;
bolded and underlined values indicate greater than 10%,
with a maximum of 16.9%.

Application to patient plans

The required AKS per seed was determined clini-
cally using MIM and then retrospectively using the im-
plant tables for the three most recent rectangular and
three most recent irregular implants. The seed AKS cal-
culated using MIM and implant tables are presented in
Table 4. For all six patient plans, the percent difference
was less than 3%.

Discussion

The nomogram tables created with MATLAB show
good agreement with those calculated using MIM (maxi-
mum difference of 3.0%). For seeds very close to the pre-

Journal of Contemporary Brachytherapy (2019/volume 11/number 1)


https://www.brachyjournal.com/article/S1538-4721(16)30139-8/fulltext

Emily Hubley, Michael Trager, Voichita Bar-Ad, et al

94

8tee 91
zeee STEe ST
qree 66'C€ €8ze 1
88'Ce €Lee 85zE ceze €1
79'CE LYTE zece 80°C€E v8TE u
61CE s0ze 1671€ 89T€ SHIE 80TE 1T
LLTE €9'1¢€ 0STE 8z1eE 90'TE 04°0¢€ vE0€ o1
90°TE ¥60€ 18°0€ 19°0¢€ 0r'0g 90°0¢ L6t YT'6¢ 6
9€0¢ S70€ €rog v6'6¢ /6T €'6¢ 11'6¢ 58T 00'8C 8
oT'67 90'6¢ 96'87 8/'8C 19'8¢ €8t €087 LT 1042 60'9C L
16T 88'/T 8LLT €9/ ke 10LC $6'9¢ 8'9¢ 20'9¢ LTST € 9
€8'sT 9/'5T 89'5¢ ¥5'SC 7'se 61'SC 967¢C 95tC 9THe wee 997t 61TC S
oLt ¥9°€e LS€T or'ee seee FIR4 16CC €97t 60 $9'TC 10T¢ 1261 07’8t v
€961 8561 €561 Sv6l 9g61 el L0°61 18'8T 558l 90°81 957/1 ¥G9T 1561 oT'el €
9561 Z5°st 6vS1T ST 8esl 8TST 8T°GT 00751 1871 g Tl LE€ET x4l 18°0T 66'8 z
8L/ 9,/ v/l ! 69°L ¥9'/ 65/ 05/ . €L 90, 899 1€9 or's 05Y STt 1

£

91 <1 1 €1 z 1T o1 6 8 L 9 S ¥ € z 1 X

¥9'9¢ 91
L7 0€'9% <1
0€9% YTop 16y 1
€0'9% /85t LSy 9 S €1
9/°6 09°St 'S 7Sy 96 z
€Sy LTSy 205y 6L S ol 11
/81 YLy 09 LEY STy LLEY or'ey o1
YTy 10 8g'cy 19°€r 9t ey LTy YTy 6
ey 6Ty [TEY e LLTY Yy ey €SIy S6'0t 8
€Ty €0y 61 v/ Ty 95T 9Ty 960 wor 68°6¢ 16'8¢ L
98°0Y 110y /90 150 SE0Y 80°0Y 18'6¢ z€6¢ €g'8e 6'L€ 10°L€ 9
75°8¢ rh'8e Ge'8e 7e8e 80'8¢ 5g/¢€ 19°/€ 6T'L€ 1L9€ 16'G€ or'se 15€e S
LT'9€ oT'9¢ ¥09¢ 76'6¢ 18'G€ 19°G€ Tse 90's¢€ 0L 7€ 107€ zeee 98'1¢ 6£0¢€ v
SZIE 0C1E STTE 90°T¢E 86°0€ €80¢ 89°0€ 0r°0€ €ros 656C 90°6¢ 06'/C /92 VL€t €
€c9z 0£9¢ 9797 07'9¢ S19¢ ¥09¢ 657 /ST 95°6¢ 81'se 087 S6'€e oT'ee v.0¢ 3€81 z
LTET STEr crer OT'€T LO€T o€l 16T /871 8L 6521 or'er L6TT STl LEOT 616 09% I

A

91 ST 1 €1 4 1T o1 6 8 L 9 S ¥ € z 1 X

AlaA1329dSal ‘949°0 pue ‘%t 0 UBY]) SS3] JO SUOol3eINdjed
QYLIVW PUB WIW U} USSMII] SIUSIYIP SABY WW QT pue G 03} paqudsaid syuswaduedle ueldwl ||y 'ay11vW Ul Wsliewsol dT 9y} Suisn pajenajed ‘spass N 1
A Kg x jo Aese sein3uedal e Aq aueld juejdwi ay3 o3 Jenaipuadiad ww QT (g) pue ww g () siutod uondudsaid ayy 03 (AD ul) paJanl)ap 3sop |e303 3yl ‘T djqeL

v

Journal of Contemporary Brachytherapy (2019/volume 11/number 1)



95

Cs131 air kerma strength nomogrom

/R3S 65°€E 15433 6I°€e ¥6°CE q4'Ce qlee 67’1 €8°0¢ 89'6¢ ¥5°8¢ 9t'9¢ 6eYC 6C0¢ 6191 018 91
LSEE ree LCEE €0'€e 6/°CE (0j 43 10°¢e 9¢e'Te 1£°0¢ L5°6C '8¢ 8¢°9¢ (474 ¥C0¢ 9191 808 SI
6¢'€E SCee oree VA4S ¥9°Ce SCee JASNRS eCle 85°0¢ LY'6¢C GE'8C 0€'9¢ SCve 81°0¢ (4R 90'8 vl
ree 86'CE 8'ce 19°¢e 6€'CE 10°¢E 791 101e 8¢0¢€ 8C6l 61'8¢ 9T'9¢ Elve oroc 9091 €08 €1
G8Ce VA4S 89°¢CE 9e'ce Ylce 8LTE Irie 08°0¢ 61°0¢ or'6¢ 08¢ ¢0'9¢ [40h 74 10°0¢ 0091 008 48
Iyce 8C'¢e qlee Y6'1e eLTE 6¢'TE ¥O'TE 127403 §8'6¢ 08'8¢ SLLe 8/°G¢ (8'€C 9861 06°ST S6°L I
L6'1E ¥81¢ [GANR3 [4ES eele 66°0¢ 99°0¢ 60°0¢ (S'6¢ 04'8¢ VA A4 §9'S¢ 9°€C 126l 6/°GL 06, (0]8
YC1e elTe [40NA3 €8°0¢ 59°0¢ €e0¢e ¢00¢ 81'6¢ 76'8¢ L6°LC 669¢ INT4 LTEC EV6l 096l 08, 6
¢5°0¢ 1¥7°0¢ 1e°0¢ 71°0€ L6'6C 89'6¢ 6¢°6¢ 88'8¢ LE°8¢ ¥'LC 05'9¢ VA 74 16°¢¢ or6l I¥'al 0LL 8
6C6¢ 0ce6c or'6c 56'8¢ 08'8¢ €9°8¢ LT8¢ 08'L¢ el 8¥7°9¢ 9°5¢ €6'EC e ¥9°81 ¥0°ST S, L
90°8¢ 86LC 06'/¢ 9L [C 9L 6¢°/LC ST'/¢ €L°9¢C 1e9¢ (5S¢ ELYC Slec LSTC (4] L9771 YeL 9
68°SC 8'S¢ VAT €9°5¢C 1§°6¢ 1e°6¢ [ART4 SLYC 6EYC 0L¢C [40R Y4 19°1¢ 12°0¢ SO'ZT 68°€l 69 S
YAY4 S9°€C 09°¢C 06°¢c or'ec e JAOR Y4 L1 LY 88'T¢ 0€'T¢ L0°0¢ G881 8661 orer 559 1%
6561 556l 15’6l Y6l 9¢e6l V6l Iretl 8881 5981 18l 9L /1 0891 986l €5el ICTI 09°G €
8¥'Gl Stsl (41} VA est YCst Sr'st 00°ST Y81l €Sl vl €q'el §8°¢Cl 8011 1e'6 9 [4
/A €L [YAVA 69, 99, 9L 8S°L 0L L 9C'L (A4 LL9 9 ¥5'S 9 €e¢ 1

A

91 Sl 14 €1 4! 1 ()8 6 8 L 9 S 14 € [4 1 z

7 ov 9C9% orov S8'SY 09°s¥ 61°SY 8L vy 601 ey oy 0Ty 18'8¢ 659¢ 18'T¢ €0'L¢ [43! 91
YCor 8097 €6'SY 89°S¥ 1474514 ¥0'St vy 96'ty 6CEY ey €6°0F €8¢ 5°9¢ 9/'1¢ 66'9¢ 06°¢el Sl
9097 165y 9L°Sy 4514 8Ty 887y 6V vy €8y ol'ey 00°¢y €8°0r ¥9°8¢ vt 0L1¢ 96'9¢ 8y'el 14"
8L°SY €9°GY 67'SY 9Csy (40014 ¥ovy 9y 19°ey 96'Cy 18Ty L9°0v 05'8¢ €€9¢ 19°1¢ 06'9¢ SYEl €1
0S5'sy 9e'SY [4a17 6671 LLYY 6y 40844 6¢'eY SLCy 9Ty 0S'0v 9€'8¢ 1c9¢ [4ES €8°9¢ [423! a
¥0'Sy 16vv 8L vy 957y SEYY 66ty 9ty Qoey ov'cy ety 1oy 11°8¢ 109¢ LETTE €L°9¢ 9tel 1
857y v 'vi 14324 vy €6'EY 85V Yeey 9y 90y 66°0Y €6'6¢ 98°LE 08°SE Icie 29°9¢ Leel ()8
£8'EY ey 09°er ey [4437 06'cy LSy 10°¢y vy s r6¢ [4WAS 137413 6°0¢ (47474 1cel 6
yAORSA L6°CY 98¢y 89y IS¢y ey 161y 8¢y S8°0% 88°6¢ 16°8¢ 86'9¢ S0'GE €9°0¢ [44°74 et 8
LLTY L9°TY 85Ty iy 9C1y 66°0Y [@A0)% Yoy SL6€ 98'8¢ 96L& Y19¢ EEVE L0°0¢ 8'S¢ 16°¢l L
o 0v 8E0¥ (01340} 4 STOv 1007 L1°6¢ €5°6¢ 60'6¢ 99°8¢ €8°LE 10°2¢& rese 09°€e 15°6¢ (47474 [VAr4s 9
L0'8¢E 00'8¢ €6'LE 18°L¢ 69°/¢ 1WA 8CLE 06'9¢ €5°9¢ 18°6€ orse 65°€E 80°CE 0€'8¢ ESYC 9cd S
89°6¢ €9°G¢ L5°GE LY'SE LESE 0Cse €0'Ge VA4S orve 08'€e 6l'€ee VASNRS §50¢ 60°LC ¥9°€C 811 14
€L0¢€ 69°0¢ ¥9°0¢ L5°0¢ 61°0¢ 9¢€0¢€ €C0¢e 66'6¢ 9/°6¢ 0g'6¢ €8'8¢ 18°/L¢ 8L°9¢ 86¢C LTTC 8501 €
8/°G¢ SVACT4 ST 1L9°S¢ 29S¢ €5°SC AT 8C'S¢ IS¢ 6. v¢ 8V v¢ SLec [40R14 98°0¢ 0481 S€6 [4
68°Cl /8L 98¢l €8l 18°¢t 9/l il 9l 957l orcl vca L8T1 ISTI evol G€'6 L9V 1

Pl

91 ST 14 €1 a 4 ()8 6 8 L 9 S 14 € [4 1 z

K19A1193dSal ‘9%t T PUB %8°0 UBY} SS3] 4O SUOITBINDIED gYIVIN PUB WIW SY} US9MIDq SIOUIBHIP dABY WW QT PUe g 03 paquasald syuswaduelle juejdwi ||y
‘A|9A1329dSaJ SU013D3IIP |BIpeI pue SiXe 3Uo] ,SPaas 3y} SUOJB SPIdSs 4O JAUINU SY} PUB 1 pUe Z 3J3YM ‘¥ 1V Ul WSljewlos gz ay3 Suisn pajejndjed ‘spass N 1
1 Aq z jo Aeuse sen3ueidas e Aq aueld Juejdwi ay3 03 Jendipuadiad ww Q1 (g) pue ww § (V) swuiod uonidiosaid ayy 03 (AD ui) paJaalap 9sop 1e10} ay] °g 9jqeL

v

Journal of Contemporary Brachytherapy (2019/volume 11/number 1)



Emily Hubley, Michael Trager, Voichita Bar-Ad, et al

96

S00°0 S00°0 £L00°0 6000 100 ¥710°0 £10°0 810°0 L10°0 9100 ¥10°0 100 6000 £L00°0 S00°0 S000 8
S00°0 £L00°0 0100 7100 610°0 1 40N0] 8¢0°0 0€00 6¢0°0 9¢00 [440)0] 810°0 ¥10°0 0100 L00°0 S000 £
000 0100 S10°0 1¢0°0 6¢0°0 8¢0°0 L¥0°0 ¢s00 0S0°0 9 40N0) £E0°0 6¢0°0 1¢0°0 S10°0 0100 L000 9
6000 €100 1¢00 100 9%0°0 #90°0 €80°0 5600 160°0 6,00 2900 S¥0°0 1€0°0 1¢0°0 ¥10°0 6000 §
110°0 L10°0 8¢0°0 00 0200 80T°0 1sT°0 S81°0 9/T°0 1 4N0) SOT'0 0400 700 6¢0°0 810°0 00 ¥
€100 1200 S€0°0 0900 €010 LLT°0 88C0 6€°0 €LEQ 8LC0 9/T°0 SOT'0 2900 £LE0°0 00 Y100 €
¥10°0 €¢0°0 0¥0°0 ¢L0°0 LET'O L0 0SS0 676°0 9060 0rso 8LC0 1440 6,00 S¥0°0 9¢00 9100 ¢
S10°0 ¥¢0°0 V00 6.0°0 SST°0 (4230 G880 L2EC 6¥7C'C 9060 €LED 9/T°0 160°0 0500 6¢0°0 L10°0 I wwot
S10°0 9700 S¥0°0 180°0 6S1°0 ¥9€°0 180T SL9Y 865V I8T'T 17440 0610 9600 ¢S0°0 6¢0°0 L10°0 I
¥10°0 ¥¢0°0 170°0 S/0°0 124%Y) L6C0 L¥9°0 GECT I8T°T 179°0 60€°0 9sT°0 €80°0 L¥0°0 £20°0 9100 ¢
€100 1200 9€0°0 ¢90°0 601°0 1610 61€0 240 14440 60€°0 061°0 117°0 5900 8¢0°0 €¢00 ¥100 €
110°0 810°0 6¢0°0 900 €L00 Y110 910 661°0 061°0 9410 1170 €L00 L¥0°0 6¢0°0 6100 100 ¢
6000 ¥10°0 1¢0°0 €00 8¥0°0 £90°0 /800 10T°0 9600 €80°0 5900 L¥0°0 [430X0) 1¢00 ¥10°0 6000 &
£L00°0 0100 S10°0 [440)0] 0€00 0r0'0 6¥0°0 500 ¢S0°0 L¥0°0 8¢0°0 6¢0°0 1¢0°0 S10°0 110°0 L000 9
S00°0 8000 110°0 S10°0 610°0 ¥¢0°0 8¢0°0 1€0°0 6¢0°0 £20°0 €¢00 6100 ¥10°0 110°0 8000 S000 £
S00°0 S00°0 £00°0 0100 100 S10°0 L10°0 810°0 L10°0 9100 ¥10°0 100 6000 £L00°0 S00°0 S000 8 ww g
8 L 9 S 14 € [4 ! 1 [4 € 14 S 9 L 8

]9pow 324nos aur

]opow 324nos uiod

z

%6791 JO WNWix

-eW © Y}M ‘90T Ueyy 493eald a3edipul sanjeA pauljiapun pue papjoq ‘uiod uondinsald ay3 03 uoingliuod s,pass 3)3Uls B 10 %G Ueyl Ja3eald ale ey sjlppow
924N0S JUl0d PUB 3UI| USIMID] 3DUIL4IP B 33edIpUl SaN|BA pap|og '3)qe} ||ny e a3eald 03 julod uofididsald ayy inoge palosiw ag ued yueipenb yded ‘sjppow
92In0s aul) pue juiod ay3 3uisn ‘quedwi Jen3aul ue ul pass N T ydea Aq spuiod uondiidsaid ww QT pue ww G ay3 03 (AD ul) paJdAljap 3sOp |e1o] "€ d|qel

Journal of Contemporary Brachytherapy (2019/volume 11/number 1)



Cs131 air kerma strength nomogrom

97

Table 4. The rectangular and irregular implant tables are used to determine AKS (in U) for the three most
recent rectangular and irregular patient plans. The percent difference in seed strengths determined using

the two methods is presented for each case

Patient Seed arrangement Number of Tables MIM Symphony % difference
seeds 1D 2D 1D 2D 1D 2D

1 Rectangle: 20 1.88 1.88 1.9 1.9 -1.1% -1.1%
5x4

2 Rectangle: 9 2.53 2.50 2.5 2.5 1.2% 0.0%
3x3

3 Rectangle: 42 1.58 1.59 1.6 1.6 -1.3% -0.6%
6x7

4 Irregular: 13 2.23 2.23 23 2.2 -3.0% 1.4%
55,3

5 Irregular: 21 1.88 1.86 1.9 1.9 -1.1% —2.1%

6,6,5 4
6 Irregular: 33 1.67 1.67 1.7 1.7 -1.8% -1.8%
4,7,8,8,4,2

scription point, differences between MIM and MATLAB
are attributed to the large effect of the inverse square law
for small uncertainties in manual seed and prescription
point placement in MIM as well as a large volume averag-
ing effect. For seeds located further from the prescription
point, differences are attributed to limited significant fig-
ures in the dose value displayed in MIM, which has a larg-
er relative effect when the dose at the prescription point
is very small. The AKS determined with the tables agreed
with MIM-determined AKS for six previous implants
within 3%. Differences are due to errors in manual seed
and prescription point placement in MIM and rounding
of AKS to a single decimal place for ordering. While mea-
surement tools are available in MIM, precise placement of
a prescription point and measurement perpendicular to
implant plane are challenging especially when the implant
plane is not aligned with an axial, coronal, or sagittal slice
of the image set. MIM Symphony LDR™ allows the user to
overlay the digital projection of an external prostate seed
implant template but the templates are limited in size and
often not large enough. Due to these limitations, the nomo-
gram tables provide more consistent dose calculations than
manually creating implants in MIM Symphony LDR™.

Although treatment planning and seed ordering are
performed during a preoperative CT planning session us-
ing sophisticated treatment planning software, the final
dose is modified intraoperatively to fit the surgical de-
fect in 10-20% of cases. Intraoperative considerations that
can lead to these alterations include: location and expo-
sure of the carotid artery within the operative field, bony
anatomy that causes contour alterations, free flap recon-
struction, and unexpected changes in the area of greatest
concern for recurrence. Nomogram tables are used in the
operating room to provide the surgeon and radiation on-
cologist an accurate dose estimate based on a number or
arrangement of seeds that differs from the preoperative
planning session. A second check of the pre-planning
dose is performed for all cases.

Unlike other permanent seed implant radionuclides,
1B1Cs was not used clinically until brachytherapy TPS

were common in radiation therapy departments. Be-
cause of this, historical implant systems and data tables
do not exist. The uniform seed strength and uniform
seed spacing reported here is reminiscent of the Quimby
system [25]. However, the choice of a prescription point
that is not directly above a seed means that the prescrip-
tion dose is the minimum dose in the central region of
the 5 mm or 10 mm prescription point plane. The Man-
chester [26] and Quimby systems are prescribed such
that the prescription dose is the modal or maximum
dose in the treatment plane, respectively. The system of
implant dosimetry reported here would therefore deliv-
er more dose than an implant prescribed using the Man-
chester or Quimby conventions.

Conclusions

Nomogram tables to determine AKS per seed for rect-
angular and irregular planar *!Cs implants prescribed to
5 mm and 10 mm from the implant plane are presented.
The nomogram tables may be adapted to any prescrip-
tion dose. Tables were verified against MIM Symphony
LDR™ planning system, including previous patient plans
and yield seed activities well within clinically acceptable
accuracy. These nomogram tables reduce time required
for treatment planning or independent verification of
a treatment plan. They also facilitate treatment planning
in the operating room when patient anatomy requires an
implant to deviate from the treatment plan.
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