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Objective of ExperimentObjective of Experiment

To quantify the risk of developing To quantify the risk of developing 
a secondary malignancy following a secondary malignancy following 
an external beam radiation an external beam radiation 
therapy treatmenttherapy treatment

Pediatric brain and adult prostate Pediatric brain and adult prostate 
treatmenttreatment



IMRT vs. Cyberknife 
Radiosurgery



Materials & MethodsMaterials & Methods
Adult Rando PhantomAdult Rando Phantom

12.5Ascending Colon

20Transverse Colon

22.5Inferior Liver

22.5Inferior Stomach

25Stomach Center

27.5Liver Center

27.5Inferior Esophagus

30Inferior Lung

40Esophagus Center

42.5Lung Center

60Thyroid

Distance from Isocenter (cm)Distance from Isocenter (cm)OrganOrgan

Adult Organs of InterestAdult Organs of Interest



Materials & MethodsMaterials & Methods
5 yr old Pediatric Rando 5 yr old Pediatric Rando 

PhantomPhantom

Pediatric Organs of InterestPediatric Organs of Interest

47.5Bladder

45Ovaries

42.5Pelvis

37.5Cnt. Colon

35Trans. Colon

32.5Kidney

30Cnt. Liver

30Cnt. Stomach

27.5Sup. Stomach

25Sup. Liver

22.5Cnt. Lung

22.5Heart

20Cnt. Esophagus

20Breast Bud

15Sup. Lung

12.5Sup. Esophagus

12.5Thyroid

Distance from Isocenter (cm)Distance from Isocenter (cm)OrganOrgan



Adult Prostate Treatment PlansAdult Prostate Treatment Plans
Materials and MethodsMaterials and Methods

75.6 Gy/42 75.6 Gy/42 FxFx to 99% IDLto 99% IDL

8 coplanar beams8 coplanar beams

21, 126 MU21, 126 MU

45 Gy/ 5 45 Gy/ 5 FxFx to 99% IDLto 99% IDL

8 coplanar beams8 coplanar beams

13,400 MU13,400 MU

Conventional IMRT CyberKnife

45 Gy/ 5 45 Gy/ 5 FxFx to 59% IDLto 59% IDL

168 beams, 20mm collimator168 beams, 20mm collimator

72, 099 MU72, 099 MU

Hypofractionated IMRT



Pediatric Brain Treatment PlansPediatric Brain Treatment Plans
Materials and MethodsMaterials and Methods

25 Gy/5 25 Gy/5 FxFx to 98% IDLto 98% IDL

8 coplanar beams8 coplanar beams

5,765 MU5,765 MU

25 Gy/ 5 25 Gy/ 5 FxFx to 50% IDLto 50% IDL

117 beams, 20 mm collimator117 beams, 20 mm collimator

21,606 MU21,606 MU

IMRT CyberKnife



ResultsResults
Adult Prostate Dose ResultsAdult Prostate Dose Results

0.142.60.467.31.560.5Asc. Colon

0.119.00.229.31.242.8Trans. Colon

0.214.20.021.20.532.2Inf. Liver

1.220.80.432.60.436.6Inf. Stomach

0.111.80.118.60.130.3Stomach Center

0.18.60.813.60.227.7Liver Center

0.18.70.113.50.225.0Inf. Esophagus

0.16.30.19.80.123.7Inf. Lung

0.03.90.06.00.325.4Esophagus Cnt

0.03.70.05.80.427.0Lung Center

0.13.40.05.20.834.4Thyroid

95% CI
Average Dose 

(cGy)95% CI
Average Dose 

(cGy)95% CI
Average Dose 

(cGy) 

HYPOFRAC IMRTIMRT CYBERKNIFE

Organ



ResultsResults
Adult Prostate RiskAdult Prostate Risk

CK risk / IMRT risk CK risk / Hypo IMRT risk



ResultsResults
Pediatric Brain Dose ResultsPediatric Brain Dose Results

0.00.90.17.2Bladder

0.01.00.28.1Ovaries

0.11.10.210.1Pelvis

0.11.12.616.1Cnt. Colon

0.01.10.38.5Trans. Colon

0.01.40.211.4Kidney

0.01.50.29.2Cnt. Liver

0.01.51.836.9Cnt. Stomach

0.01.75.920.5Sup. Stomach

0.12.00.110.4Sup. Liver

0.13.78.260.2Cnt. Lung

0.02.80.214.1Heart

0.02.50.016.3Cnt. Esophagus

0.02.50.112.3Breast Bud

0.04.311.992.1Sup. Lung

0.05.98.963.8Sup. Esophagus

0.15.511.832.2Thyroid

95% CIAverage Dose 
(cGy)95% CIAverage Dose 

(cGy) 

IMRT  CYBERKNIFE  
Organ



ResultsResults
Pediatric Brain RiskPediatric Brain Risk

CK risk / IMRT risk



DiscussionDiscussion
CyberKnife risk was higher due to the greater CyberKnife risk was higher due to the greater 
number of number of MUMU’’ss delivered with this treatment delivered with this treatment 
modalitymodality

ADULTADULT

PEDIATRICPEDIATRIC

72,09972,09913,40013,40021,12621,126
CKCKHypo. IMRTHypo. IMRTConvConv. IMRT. IMRT

21,60621,6065,7655,765
CKCKIMRTIMRT



DiscussionDiscussion
CyberKnife treatments reCyberKnife treatments re--planned using a more planned using a more 
updated version of treatment planning softwareupdated version of treatment planning software

56% decrease56% decrease31,98431,98472,09972,099Total MUTotal MU
30% decrease30% decrease9898138138No. BeamsNo. Beams

16% increase16% increase45 Gy to 75% 45 Gy to 75% 
IDLIDL

45 Gy to 59% 45 Gy to 59% 
IDLIDLPrescriptionPrescription

% Change% ChangeCK Prostate CK Prostate 
ReRe--PlanPlan

Original CK Original CK 
Prostate PlanProstate Plan



DiscussionDiscussion
Modified CK resultsModified CK results——Adult ProstateAdult Prostate

19.029.342.8-18.8Trans. Colon

14.221.214.2Inf. Liver

20.832.616.1Inf. Stomach

11.818.613.3Stomach Center

8.613.612.2Liver Center

8.713.511.0Inf. Esophagus

6.39.810.4Inf. Lung

3.96.011.2Esophagus Cnt

3.75.811.9Lung Center

3.45.215.1Thyroid

Average Dose (cGy)Average Dose 
(cGy)Average Dose (cGy) 

HYPOFRAC IMRTIMRT  MODIFIED CK  
Organ

0.030.140.21-0.090.49Trans. Colon

0.000.030.020.12Inf. Liver

0.000.040.020.11Inf. Stomach

0.000.020.010.11Stomach Center

0.000.020.010.12Liver Center

0.050.080.060.58Inf. Esophagus

0.020.090.100.93Inf. Lung

0.020.030.060.58Esophagus Cnt

0.010.050.110.93Lung Center

0.000.000.000.003Thyroid*

Hypofrac IMRT 
Risk (%)IMRT Risk (%)Cyberknife Risk 

(%)

Lifetime 
Attributable Risk 

of Cancer 
Mortality (%/Sv)

Organ Site

60 YR OLD MALE



DiscussionDiscussion
Modified CK resultsModified CK results——Pediatric BrainPediatric Brain

0.94.7Bladder

1.05.3Ovaries

1.16.6Pelvis

1.110.5Cnt. Colon

1.15.5Trans. Colon

1.47.4Kidney

1.56.0Cnt. Liver

1.524.0Cnt. Stomach

1.713.3Sup. Stomach

2.06.8Sup. Liver

3.739.1Cnt. Lung

2.89.2Heart

2.510.6Cnt. Esophagus

2.58.0Breast Bud

4.359.9Sup. Lung

5.941.5Sup. Esophagus

5.520.9Thyroid

Average Dose (cGy)Average Dose (cGy) 

IMRT  CYBERKNIFE  
Organ

0.000.03Bladder

0.000.03Ovaries

0.030.19Pelvis

0.010.09Cnt. Colon

0.010.05Trans. Colon

0.040.21Kidney

0.000.01Cnt. Liver

0.010.12Cnt. Stomach

0.010.07Sup. Stomach

0.000.01Sup. Liver

0.202.09Cnt. Lung

0.080.26Heart

0.070.31Cnt. Esophagus

0.050.17Breast Bud

0.233.20Sup. Lung

0.171.19Sup. Esophagus

0.230.88Thyroid*

IMRT Risk (%)Cyberknife Risk (%)Organ Site

5 YEAR OLD FEMALE



ConclusionConclusion
The risk of developing a secondary The risk of developing a secondary 
malignancy is higher for a CyberKnife malignancy is higher for a CyberKnife 
Radiosurgery treatment than a gantryRadiosurgery treatment than a gantry--based based 
IMRT treatment, but overall, the risks IMRT treatment, but overall, the risks 
associated with both treatment modalities are associated with both treatment modalities are 
minimal.minimal.
Keep the total Keep the total MUMU’’ss as low as possible in as low as possible in 
order to minimize patient risk.order to minimize patient risk.

IMRT risk=CK riskIMRT risk=CK risk



Questions?Questions?


