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INTRODUCTION RESULTS CONCLUSIONS

With the modern increase in cancer survivorship?, long term quality The hybrid whole body patient representation provides better estimates of dose
of life is likewise of increasing importance. Specifically, secondary The Hybrid Phantom Total Dose, Neutron Dose, and Neutron Weighting Factor Throughout The Body at all points in the patient compared to the generic scaled and unscaled MRCP.
primary malignancies due to radiation therapy are estimated to With the exception of the colon, all organs in the hybrid had a <10% difference
affect 1/100 patients2 These secondary cancers frequently appear in dose and equivalent dose compared to the WBCT.

on the fringes of or outside the treatment field3. Out-of-field dose,
and neutron dose in particular, is not adequately accounted for in

+ A male hybrid phantom was created for a hypothetical proton
treatment case of a prostate tumor (Figure 1).
Figure 1

Figure 3
The energy dependent neutron weighting factor
throughout the WBCT (A) and the hybrid (B).

« Neutron dose was mostly concentrated in the treatment
area, but still spreads out-of-field to areas where the energy

dependent neutron weighting factor was the greatest Protons contributed most to equivalent dose in-field, but the out-of-field was

clinical treatment planning‘. Neutrons produced in proton therapy Sagittal (A) and coronal (B) images of the male hybrid. The regions are separated into the (Figures 2 and 3)‘ . 20 ‘g - ‘g dominated by the neutron contribution. The calculated equivalent dose for
have variable biological effectiveness, and travel far from the scaled MRCP (1), thevoxelzed transition area (2), and the original patient CT image (3). T . ) . F(IBg)L;rr‘e 2 TR 2 = organs such as the colon and heart were 6 times in excess of the absorbed dOSE,
treatment field, leading to unaccounted dose within the patient. S DR s S B bt g E reflecting the heavy weighting factor attributed to the neutrons outside of the
There is a gap in knowledge regarding the risk from out-of-field Z = § & § treatment field, and their importance when calculating secondary cancer risk.
neutron dose from treatment plans on an individual patient level. : ' 80 < s . . .
f . e P v ! ) 0.12 % 8 £ This kind of CT-MRCP hybrid can be flexibly created for male or female patients,
70 g 10 2 10 32 fO o f o ” o h = f h |( o R
> a8 E z r a variety of treatment sites, allowing the preservation of the known patient in
60 & 0l o 5 g field while supplementing missing anatomy with an individually tailored out-of-
i olon £ 5 3 5 8 field. Hybrid phantoms could have applications in cases where there is a stronger
u Y a o 5 5 . . . .
1) Desi el op . ; ific whole bodv hvbrid 04 § o o consideration for secondary cancer risk, such as in pediatric patients, and for
) Deslgn amethocioncheating ajpatientsspecicivho o Body My {40 B 5 g : dose reconstruction purposes for patients presenting for re-irradiation
representation utilizing scaled adult mesh-type reference £ 0.06 ; U b & el i P g :
computational phantoms (MRCP)® and individual in-field CT images. 30 3 g More thorough knowledge of the risk an individual patient faces can inform the
2) Create a Monte Carlo framework able to separate neutron dose C buti Equival D o f-Field 50 B 603 £ . treatment planning process. In conjunction with risk models, secondary cancer
from therapeutic dose, and calculate the neutron weighting factor, ontributions to Equivalent Dose Out-of-Fie e e The r;ﬁlutrofns :V't:: the 'af99|3t - risk could be used in the treatment planning objective function itself to create
; ; s 10 0e e weighting factor for equivalent dose icleantimi
equivalent dose, and risk of secondary cancer to specific organs. e s e el e e A v e g s e risk-optimized treatment plans.
3) Validate the method by comparing the proposed hybrid the neutron contribution (Figure 4). Equivalent dose from neutrons 0 0z of the treatment field (distance of ~12

ranged from ~50-100 mSv in the out-of-field low dose bath.

Figure 4
Total (A), proton (B), and neutron (C) equivalent doses in the WBCT out-of-field in units of mSwv.

representation along with the currently available MRCP (scaled and
unscaled) with respect to a reference whole body patient CT.

METHODS

cm, energy of ~1 MeV) (Figure 3). AC KN OWLEDG EM ENTS
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Build a hybrid phantom with three major segments: o0 3 . 200 g _ Table1 _ Research Training Group GRK 2274.
. In-field: Taken directly from a whole bOdy CcT (\NBCT) 400 § " 2 mog Absorbed dose (Gy) and equivalent dose (Sv) in individual organs in the ground truth WBCT
+  Out-of-field: A mesh-type reference phantom (MRCP) scaled e . B . Whole Body CT Reference » While the equivalent dose is
to patient measurements (spine length, pelvis width/depth) - B b bem Gebbmn | BLbem | Solben close to double the absorbed REFERENCES
+  Transition: A voxelized blending area made by registering Prostate 30.7 93 161.9 T dose in-field, the eq. dose is
the MRCP to the patient CT, and applying that deformation In Field SR 27'2 25’ . 54;3 51'1 more than 6x greater in the [1] Howlader N, Noc!ne A, Krapcho M, et al. SEER Cancer Statistics Review 1975-2010. Bethesda:
with a gradient to match the edge of the patient CT to the Application of Linear Non-Threshold Risk Model ] ' : ] : colon and 10x greater in the National Cancer Institute; 2013.
boundary of the MRCP Near Field | Colon 6.3E-03  2.4E-02 4.1E-02 7.5E-02 heart, reflecting the higher [2] Dracham CB, Shankar A, Madan R. Radiation induced secondary malignancies: a review
. . . . .9E- .3E- .OE- .9E- i i i article. Radiat Oncol J; 2018.
Create a custom scorer to separate theq’ap@utnc and neutron dose, as » ERR calculations made assuming the patient was age 45 at Far Field Hea_"‘ abEly Al Sty S impact of heavily weighted (3] Diallo | et al. F Sethutonier P I
well as enable equivalent dose calculation: exposure and 65 attained age (Table 3). Brain 2.8E-05 7.1E-05 8.1E-05 2.3E-04 neutrons (Table 1). . d!a c:i e Ia. requencly15|s ribution o se;:c;n Sl:)'|ldhcandcer oca Lonjm rde_a .|onoo fB' ,'
o NiEnmier Diesz Al deem st butedl e e EERE G R .. . . irradiated volume among patients treated for childhood cancer. int J Radiation Oncol Bio
descendants » Hybrid is able to reasonably approximate the risk of cancer Table 2 Phys. vol. 74, pp. 876—83; 2009.
« Th icD - All other d incidence found in the WBCT. . . Percent differences in dose and eguivalent dose between the WBCT and the three tested phantoms [4] Wilson L, Newhauser W. A simple and fast physics-based analytical method to calculate
erapeutlc 0se: other dose brid ded . - .
o E Fl - Get th fl ~ d * The hybrid provided the - therapeutic and stray doses from external beam, megavoltage x-ray therapy. Physics in Medicine
eutron Energy Fluence: Get the mean fluence-average Table 3 closest estimate of dose Al S niliies and Biology. vol. 60, pp. 4753-4775; 2015.
neutron ene.r%y. perfvoxel ﬁ%;ﬁlggate :cjhthenergy dependent ERR and EAR for organ-specific cancer risk in the WBCT and the hybrid in the WBCT compared Abs. Dose Eq.Dose Abs. Dose Eq.Dose Abs.Dose Eq.Dose [5] Yeom Y S, Jeong H, Han M, Kim C H. Tetrahedral-mesh-based computational human phantom
| neﬁt'ib?rjdwelﬁ@tm actord | go ? . i o the generic reference | |, pigq | Prostate | 20 2.0 151 15.0 13.5 3 for fast monte carlo dose calculations. Physics in Medicine and Biology. vol. 59; 2014.
$£;ﬁgﬂdyﬂgﬂp§sk ;hng?dl‘ﬂje and apply a baseline Linear Non- o y phantoms (Table 2). Bladder | 0.2 0.2 2;-; 2;-0 14.8 14.7 [6] ICRP. Relative Biological Effectiveness (RBE), Quality Factor (Q), and Radiation Weighting
. — rgan ERR ERR Average 11 11 19. 19.5 14.1 14.1 Factor (wy). ICRP Publication 92. Ann. ICRP; 2003.
: D.es'gn a hypOthet'cal proton prostate treatment plan Prostate 17.4 17.0 + The colon has a much [7] BEIR. Health Risks from Exposure to Low Levels of lonizing Radiation: BEIR VII, Phase
: S"E“"?’te treztment plan on the WBCT, hybrid, scaled MRCP, Bladder 245 245 higher deviation than Near Field | Colon | 19.1 299 | 69.0 40.0 | 2569 1111 2. Washington, DC: National Academy of Science; 2006.
and unscaled MRCP o ;
, o , the other organs due to
* Isolate the dosle/equwalent dose to individual organs using Colon 2.3E-02 3.0E-02 the complexity of the Far Field Heart 26 8.8 33 12.0 8.9 8.6
DICE score validated organ masks as well as contours from Heart 6.4E-04 7.0E-04 S ] At ] Brain 3.6 4.4 17.5 14.0 30.8 29.4 CONTACT IN Fo RMATION
the treatment planning system . oy Average | 3.1 6.6 10.4 13.0 19.8 19.0
S . : Brain 1.7E-05 1.7E-05 variability between
+ Calculate excess relative risk (ERR) for cancer risk using the patient models . ) . ]
BEIR VIl estimated tissue risk coefficients? E-Mail:  E.Kollitz@physik.uni-muenchen.de
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