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Results (continued)

Purpose/Objectives

The purpose of this study was to investigate the potential dosimetric and milling time Dosimetric Results:
beneflts Of SmOOth Compensators . o METRIC RESULT METRIC PERFORMANCE RESULT
In comparison to the plunged-depth plan, the ME plans had similar or better results for all Plunge SB ME PTV+l DS | AVG. Plunge SB ME PTV+l DS | AVG.
Learning Objectives: five sites. (Table 1) On average for all five sites, the ME plans performed better than the BRAIN 881 834 84 873 849 | 866 58.7%  55.6% 59.6% 58.2%  56.6% | S57.7%
1) Understand the purpose of a compensator in passive scattered protons other smooth compensator techniques. Abs Dift. R . L% 09% 0 0o% 21k -12%
2) Outline the uncertainties with plunged-depth compensators | | LUNG 839 815 894 834 722 | 821 559%  54.3%  59.6% 55.6%  48.1% | 54.7%
3) Investigate the potential benefits of using smooth compensators i i e T I Abs Diff 2455 05 L7 | 23 16%  37%  03%  7.8% | -15%
: TR —so==c T T T T PROSTATE| 826  76.8 520 861 | 844 55.0%  51.2% 613%  574% | 56.2%
Introduction @ [V[50.4] (%) > 100 [> 80} 20 | 13% | 932 =sor 05 18 -1.8n Abs Diff. 5.8 - 95 35 | 24 3.8% 63%  24% | 16%
‘e . - . S D[100.0%] > 50.4 [> 40] 5 3% 39.1 2 1.2 4.7 27
Pro,ton therapy has,the ability to deposf[ th,e maximum dose per beam in the target at a S Senloanation Mambes J1009%6).  =68389 A0 7% 0.64 e, S - -0.027 LIVER 88.7 89.9 904 832  85. 87.5 59.1%  60.0% 60.3% 555% 56.7% | 58.3%
defined depth with its Bragg Peak. ! This gives protons the ability to preserve healthy £ fn°h"cfr‘jjc’);?f;°d“e:'“mbef S S 4 2 | & o T o ] Abe Diff 19 17 55 35 | 16 08%  11%  37% 4% | 10%
tissues distal to the target. The distal dose conformality is aided by a wax or acrylic Homog. Index_[100%] <05 5 3% | 010 - 0.0 =
, 93 — |[OPTIC CHIASM] D[0.03c(] < 0 [< 54] 15 10% 30.7 0.2 0.2 0.2 -0.1 C3l 28.9 20.7 32.3 21.5 20.2 24.7 19.3% 13.8%  21.5% 143%  13.5% | 16.5%
compensator for passively scattered proton therapy.= 1 o i i A 15 | 0% 312 o1 01 02 .01 Abe Diff 8 34 94 27 | 59 o 0w 0% ceu | 35
E [LT OPTIC NERVE] D[0.03cc] < 0 [< 54] 15 10% 29.4 -0.2 0.1 0.2 0.2
: ' : i " ' = |[SPINAL CORD] D[0.03cc] <0 [< 10] 15 10% 0.1 - - -0.1 -
The most common m.anufacturmg design for compensa.tors sa plunged” technique. The Z |[BRAINI VI20.0 (%) i | B S e = AR = AVERAGE | 744 705 774 735 7 | 730 WK A% 0T e0% 4% | 4BT%
plunged technique mills the compensator through a series of points, one-by-one to a = |[BRAIN] Mean <0 [< 15] s | 3% | 74 04 02 02 02 Abs. Dift. 40 30 A0 A7 | T 206 20% 06k S32% | 1%
specific depth with a drill bit of a specified diameter, usually 2-5mm, and taper angle, SR I e ottt T
usually 2-3 degrees. A high resolution design is optimal, but the thickness of the drill bit e e 2o | B | 222 tzee EE & O anutacturing fime
degrades the degree of resolution of the compensator design and resultant dose g Conl R RN NEReE {;‘;;’:f’ s o | 2 | o domn =
. . . . L . . . onformation Number > 0. : -0.02* - - -0.037 ' '
distribution on the distal end of the target.> 7 In addition, this technique can be very time = |inhomog. Index <05 s | 3% | 04s -0an @ The manufacturlng process for smooth oc:ompens?tors rgduce()s the overall time by an |
consuming because the compensator design is very complicated and involves hundreds of Pl CoINO e s T o e o s TR A average of 428 é" V‘_"thta rang? OI]:131 4tr/10 0 64.2 /°fp1e(; ﬂe-ld't/oénge average apsolute time
i i i - - - [TOTAL LUNG] Mean <5 [< 20] 10 | 7% | 141 -07* -0.5* -03 0.6" savings was 20.8 minutes per fields with a range of 10 min. to 39.5 min.
plunge points. fCI|n|caI effectiveness and patient start times can be affected by the time & | [TOTAL LUNG] VI20.0] (% e o | B | aay T T 2 8= g p g
requirements of the plunae techniaue. &R |[TOTAL LUNG] V[10.0] (%) < 10 [< 45] 10 7% 30.1 -1.4* -1.0* -0.3 1.40
| PIng | £ |roTAL LUNG] VIs.0] (% - 10[< 50) 0 | 7% | 320 a7+ a2 04 17 COMPENSATOR MANUFACTURING DATA SMOOTH COMPENSATOR QA RESULTS
g [HEART] V[30.0Gy] (%) <0 [< 10] 5 3% 5.8 -1.6 -1.4 -1.7 0.9
: “ 5 : : : : < |[ESOPHAGUS] Mean <0 [< 40 10 7% 22.9 -3.0 -2.5 -2.9 1.71 i i
Alternatively, a “smooth” compensator design is available in the TPS. The plunged-depth S it g m | 2 |32 &F & 3. = smooth  Plunge  Absolute (T Passing Passing
points must be converted into a three dimensional wireframe surface so that the {Ezgggﬁgﬂg L’{;ggi E:; icz)s[<[ 321)] el I Bl o i T Depth  Compensator DepthTime Difference Percent Planned Measured Calculated Rate-  Rate-
compensator can be milled with a smooth surface. There are a few limitations one must PROSTATE (mmfin)  Time(min) (min)  (min) Difference  Thickness Thickness Thickness 1mm  2mm
. . . . . D[0.03cc] < 85.8 [< 89.70] 10 7% 83.5 0.2 n/a - -0.9*
consider before clinical implementation of smooth compensators. Access to conversion _ |vi7s.0 (%) > 100 [> 98] 30 | 20% | 988 02 n/a 07 03 Brain 50/1.968 14,0 225 183 56E% 33 535 531 088 100
' : 9 |D[100.0%] > 78 [> 74] 30 20% 76.4 -0.6 n/a 0.6* 0.3
software that can convert the TPS output into a readable format by the CNC Mill and an i w e ST W O S ocion, 4 5 | o | ke onak T come: oz ung SB35 0 M% 00 BT TR R T T
engineer with knowledge about how to setup the CNC Mill with the correct tools to mill the = Conformetion Mumbeloong  Ho0 o | e | e SR e 0N K P EuhE B e 2 0
. . . . — |Inhomog. Index < 0. 3 - n/a - -0.02%* X 4
smooth compensator is needed for this technique. The smooth compensator design Homog.Index [100%] <05 s | 3% |oor -  no/a - o2t osale 4L ' ' 1 bADs b 460 463 975 1000
. . . . . . — [[RECTUM] V[80.0Gy] (%) <0 [< 3] 5 3% 1.6 0.1 n/a 0.4 -0.5 l.ivef 95/3 740 55 0 94 52 39 5 41 80/ 10 54 10 55 10 56 76 2 88 3
marginalizes steep depth gradients, reduces the distal dose resolution issues related to the o | [RECTUM] VIZ5:6Gy] (%) c0f=10] - momilll| R ] Fers iyoe g - . ' ' 07 . . - - -
drill bit size, and eliminates drill bit tapering issues in the TPS algorithm 2 | (RecTum) vI70.06v] (%) <71<13] S| ol f ARUESRL = g =1 A Craniospinal ~ 46.34/1.822 24,0 34,98 110 -31.4% 465 460 463 91 987
, pering g - = [[RECTUM] D[0.03cc] < 80 [< 85] 5 3% 81.9 01 n/a 01  -06 [aniospina ol ' : Pt ety ' ' ' : :
= < < : - n/a - AN
Methods and Materials % | [FEMORAL HEADS] VI45.01(%)  361< 40 Y2l - OB O = Average 278 486 08 -435% 015 97
= |[BLADDER] V[70.0] (%) < 0 [< 20] 10 7% 10.6 -0.2 n/a 1.1 1.0 . _ _
Five patients from five different clinical sites, prostate, lung, liver, brain, and CSI, were — — quER I Table 3. Milling and QA results for five smooth compensator plans, one from each treatment site evaluated.
selected for this study. The patients were randomly selected within each site in order to S |VI67.5] (%) > 100 [> 80] 20 | 13% | 887 -09 06 17* 05
. . . . . . . . vy |D[100.0%] = 60.8 [> 35] 10 7% 42.3 -0.6 0.2 0.4 0.3
give the study a broad analysis and distribution of various anatomical sites. B |Conformation Number [100%] > 0.499 10 | 7% | o073 - © oosn - Discussion/Conclusion
E Inhomog. Index >(0.399 S 3% 0.46 - - -
— |Homog.Index [100%] < 0.5 ) 3% 0.27 0.3/~ - - - T . .
Four smooth compensator plans were designed and compared to the original plunged & |IIVER-GTV] Mean <10 [<30] 15| 1% | 208 .-0a* <07 17 10 Uhh;ahop of smooth compensators for passively scaj[tered protoq therapy are |
> |[LIVER - GTV] V[30.0] (%) < 15 [< 45] 15 10% 309 -1.5% -1.3 2.3 1.7
) ; - - - 2 dosimetrically equal or better than the plunged technique depending on the technique
depth plan. The “Smooth Base” plan is a copy of the original plunged depth plan with the z {SPINAL Co]RDg D[o.]0(3c)c1 < ZSE [< 5?1 > | o8 | 2y g2 aE 2L 4 Overall the ME achi the best dosimetr s but the PTV +1cm technique i
- . = |IRT KIDNEY] V[14.0] (% <=0[<30 15 1 2 -0. -0. : :
same parameters, but the compensator milling design was changed to smooth. The three S |[LT KIDNEY] V[14.0] (%) <0 [< 30] 15 | 10% | 41 : : : . USE0 t blverﬁ ’ ? f act:h|e\t;es. Ie °S ((j')?me ”f res:J e | © Ctrr? eehniques
additional smooth compensator plans were Double Smear (DS), PTV +1cm, and Manual i s 5 e = | 22 |5 55 Bk a2 e a sultable ? err;a ve olr. 1€ I [)am, ffing an | ver Z' gs. thn cone US'OT’ smooh. e
Edits (ME). The DS plan had doubled the calculated smear value with all other CRANIOSPINAL COfglpt?nsa ors have a C Irllllca edne | d0\(;er p imge -t ept. ciorppetnsa Orﬁ/] ac .|evmgt S|rtr|1| ar
» : — |D[0.03cc] < 36 [< 39] 15 10% 41.5 0.6 0.2 0.7 0.1 _
parameters unchanged. The PTV +1cm plan added an additional 1cm to the PTV which B |vi36.0 COE] (%) > 100 [> 90] as | 30% | 931 25 08 17 -2.4n orbe tﬁ r coveragetas We afs e tfce ] osetho MOoS ?n |tcal > ?C urss ore impor ?n y
was used for the compensator design only. The ME plan was individually assessed and i NG ROR] B e || el e et smocg coMPENSators SIgNTticantly TeGUee the Manuiactuting ime by an avetage ot -
the treatment planner made manual adjustments to the compensator to increase the dose b |conformationNunber [05%] 0909 = | 2= | 52 ) _ ] ] 43.5%, which will improve operational efficiencies. Future studies are needed to verify the
_ o & |Inhomog. Index <0.5 7.5 5% 0.4 - -0.1 - -0.1 ' '
to the areas of the CTV lacking coverage. The plans made sure to have the minimum E |Homog.Index [100%] <0.5 7= | =% | mr wezr me: o emes robustness and best practices for quality assurance of smooth compensators.
amount of PTV coverage as the original plunged depth plan in order for the plans to be = |[SPINAL CORDI VIS8 51 %) =040 ° | o® | 15 38 20 51 22

comparable.

PLUNGE SMOOTH BASE ~ MANUAL EDITS PTV +1CM DOUBLE SMEAR

Multi-criteria (MCA) plan quality metrics was used for plan assessment and comparison.
Each criterion was given a metric score in proportion to its priority. The metric values for

LUNG METRIC ALGORITHM & CRITERION EXAMPLE

Statistical Significance (p-value < 0.05): “"Plung Depth Plan, *Smooth Compensator Plan

Table 1. The following table displays the dosimetric results for each plan relative to the plunge depth plan. The
values for the smooth compensator plans are the absolute differences from the plunge depth result. The point
value and priority of each criterion is listed out of a total 150 points.

all criterions .totalefd a maximum score of 150. The parameter ranges were based on the — TIMAASY, STeA: BwcRams Rech: Cumstee: G 6) Ju, S.. Kim, M., & Hong, C et al. New Technique for Developing a Proton Range
range of dosimetric results from the plunged-depth plans for each criterion rather than sB 93.7% 8227 2184 7911 400 2272 Compensator with Use of a 3-Dimensional Printer. International Journal of Radiation
clinical constraints so that metric results would be meaningful with small differences ME 97.7% 8201 2274 7854 400 2222 Oncology Biology Physics, 88 (2013), pp. 453-458.

PTV +1cm 97.1% 8200 2440 7970 435 2343
between the plans DS 90.8% 8546 2498 8086 435 2337
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Figure 3. Slice comparison with dose parameters for each technique for a lung plan. The ME plan resulted in better
coverage and sparing of the esophagus and cord.
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Figure 2. Multi-criteria algorithm for a particular lung case with a criterion range for the PTV coverage.
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