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INTRO D UCTI ON ; | B . g — y R ) Incorporation of uncertainty on dose

Brachytherapy (BT) for locally advanced cervical cancer is prescribed
using radiobiological dose
« Conversion of physical dose to radiobiological (RB) dose requires use
of /B ratio and half-time of repair (T,,)
Parameter values are uncertain:
« Conventional assumptions (tumours): &/f: 10 Gy, T,,: 1.5 hr
« Wide range of literature values: «/B: 6-21 Gy, T,,,: 0.15-5.7 hr (Ref 1)
BT can use high-dose-rate (HDR) or pulsed-dose-rate (PDR) modality
« Variance in parameter values affects assumed equivalency between :
HDR and PDR treatment schedules 3 S ; 1 2 3 4 5
Our in vitro experiments with cervical cancer cell lines using BT treatment R - - - Dose (Gy)
regimens established smaller /3 (4.71-6.63 Gy) and larger T,, (1.6-3.9 P Lt . o
hr) values
Tr:' K identifies the experimental uncertainties iated with Figure 1: (a) Setup for PDR delivery showing the water bath and a phantom in which a tissue culture dish was placed for irradiation. During HDR delivery, the water bath was not utilized (comparatively
th IS wor ; imes : xp dl determi u thei ! fF tasst?10|aHeB wi shorter irradiation times). (b) CT scan of the phantom with a tissue culture dish inserted and the isodose lines of a planned treatment. 10 cm tissue culture dishes showing cell colonies (stained purple): (c)
== ""t o Ie’(pe”":jen S, &N :. ermlnlesl f" e ?C on ’et' d used as control (0 Gy exposure) and (d) surviving a 5 Gy irradiation prescribed to points +=1 c¢cm from the central catheter. (e) Experimental results from PDR irradiation of CaSki cells, fitted using the
paramessr vallies ANciCamesponding CRXRAIONS OF Prascriphon 4oee minimum least-chi square method to the modified LQ model.
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To determine and quantify the uncertainties associated with the
experimental determination of radiobiological parameters, and their impact Uncertainty quantification
on cervical cancer BT dose prescription.

CaSki C-33A SiHa

Figure 3. Difference in EQD2 between sample radiation schedules using the parameter ranges
determined for each cell line (Table 3). The central line represents the difference using the mean
value for each cell line, while the blue and black error bars represent the differences corresponding
to the potential ranges in the RB values, without and with full accounting of uncertainties.

Table 1. Summary of potential sources of dose uncertainty

Uncertainty Type Method of Estimation | Uncertainty |
Change in dose after shifting source positions by +0.13%

METHOD Y RN up to 2 mm in Oncentra Brachy $0.10%

. . . . - . Change in dose after shifting source positions o
Clonogenic assays were performed using 3 cervical squamous cell Rotation of dish 1> around P39 (Figure 1(b)) in Oncentra Brachy +0.08%

carcinoma cell lines: CaSki, C-33 A, and SiHa T
- . o ) . Source strength Calibration measurement +1%
Radiation was delivered in single acute fractions (HDR) or multiple +0.50% (HDR)
hourly fractions (PDR) using clinical BT afterloaders Transit time Ref 2 +0.74% (PDR) 0.010
. Experimental setup for a PDR irradiation is shown in Figure 1 Comparison of dose using TG-43 and Advanced 61 2 3 4 5 6 7 CONC LU SIO NS
RB parameter values were estimated using least chi-squared method SEHEI I EEGLEGE A Collapsed Cone Engine (ACE) in Oncentra 10.5% Dose (Gy)
to fit experimental results to the modified linear-quadratic (LQ) model Brach .
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Rt « CaSki cells would experience significantly higher dose from clinical PDR BT

Survivng Fraction

- ) S ! . . . Total effect of uncertainties identified: <1.5% dose uncertainty and <4% cell survival uncertainty
Total uncertainty (Dose) fila %% (HOM) Figdre 2. Expenmental festks fram FIF imadiation. of G2k cols, fitied tising the. micimiim leest= Range of reported parameters with uncertainties are similar to those without inclusion of the
Uncertainty quantification ot Y +1.36% (PDR) chi square method to the LQ model with consideration of all identified uncertainties. The 7 Gy ncg rtainlieg pa
«  Sources of uncertainty include: + Largest potential source of uncertainty for dose delivery is the source strength data point for Experiment 1 is shown in the inset, with error bars including (a) only counting u . o ) _ _
: iy o . ) s Ehririal ; s I | | uncertainty, as shown in Figure 1(e), and (b) counting uncertainty and additional uncertainties PDR BT may deliver more radiobiological dose than conventional HDR equivalent
. pose delivered: sour(?e/plate al|gnrr}gnt, source calibration, transit inimal impact from positional uncertainty of the tissue culture plate determined in both dose (Table 1) and cell survival (Table 2). . Upto 30 Gy EQD2
time, effects of material heterogeneities Boiarialy imnatte Balont BUlcome
Measurement of cell survival: uniformity of cell distribution, colony Table 2: Summary of potential source of cell survival uncertainty y imp P

counting, variance in experimental conditions . Uncertainty Type Method of Estimation Table 3: RB parameters (mean [min — max]) for the 3 cell lines with and without inclusion of
Uncertainties were determined using multiple methods, as shown in Number of cells seeded Experiments were performed to  Not detected uncertainties. A C K N OWL E D G E M E NT S

Tables 1 and 2 measure the impact of uncertainty (within statistical Cell Line
Impact of uncertainties on dose S e T +3% S Conventional values 10 1.5 This research has been funded by generous supporters of the Lois Hole Hospital for Women through
+  RB parameter values were re-estimated with inclusion of uncertainties +0.76% Without uncertainties 5.01 [4.50 - 6.38] 4.05 [2.95 - 4.98] the Women and Children’s Health Research Institute.

: - £3. : -
- Two BT boost treatment schedules that give equivalent RB dose when Jotal uncertainty (Survival Ll With uncertainties 5.01 [4.23 - 6.49] 4.05[2.78 - 5.13]

using conventional RB parameters were considered: . Formi istributi i i Without uncertainties 6.48 [6.10 - 7.21] 1.53 [1.37 - 1.82]
. PDFE 0.73 Gy x 58 puless . :_Ilm.formlt)./ of cell .dIStrI:]UItIOFI :?s the Iarg?st pt;tet:l:lal sourc: of unzert?.nt: . With uncertalniss 6.48 [5.80 - 8.03)] 153 [1.28 - 1.85) R E FE R E N C ES
+ HDR: 7.75 Gy/fr x 4 fractions Sgr']?‘f’i‘ccfn't’l’yec’;pn‘::i'g‘u‘:g:} ﬁ?}ge'n';’rﬁy(e-g- imeDStwaan sRading and iadiatian) .o m Without uncertainties 5.08 [3.73 - 5.05] 2.40 [2.06 - 2.91] e .
«  Total dose with external beam radiotherapy (EBRT; 45 Gy in 25 fr) With uncertainties 5.08 [3.64 - 7.60] 2.40[2.01 - 2.92] [1] Chow et al. 5f3€f1yfherapy 2019;18:546-558.
and either BT boost: ~90 Gy EQD2 + Impact of the variance could not be distinguished from counting uncertainty _ _ _ _ o [2] Menon et al. Phys Med Biol 2008;53:3447-3462.
EQD2 doses were recalculated over the range of experimental RB Identified uncertainties generally smaller than counting uncertainty « RB parameter range with and without inclusion of uncertainties is comparable

values including uncertainties to highlight the potential impact on the o . ) . . X » Does not impact previous trends: a smaller /8 and larger T,,, than conventionally assumed
assumed equivalency of clinical BT boosts « Shown in Figure 2, as the majority of survival error remains counting uncertainty were still identified ! CONTACT IN FOR MATION

Email: bkchow@ualberta.ca



http://www.tcpdf.org

