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Spectrum	of	Response

Increasing	Overall	Activity

Increasing	Liver	Volume

Increasing	Liver	Dose ?

Tumor	Target Segmentectomy Lobectomy
Contralateral	
Hypertrophy



ACTIVITY CALCULATIONS AND PRESUMED
RADIATION/PARTICLE DISTRIBUTION/DOSE

MIRD assumes uniform 
distribution

Partition assumes weighted distribution of particles 
based on volume and T:N

BSA assumes uniform distribution based 
on theoretical liver + tumor





CONVENTIONAL APPROACH

Target the tumor dose

Confirm safe margin for lung 

Confirm safe margin for liver

• Targeting the tumor
• Liver exposure is collateral damage

Conventional Approach



RADIATION SEGMENTECTOMY APPROACH

Target the dose to liver (<70 Gy)

Confirm safe margin for lung 

Calculate sump to tumor

• Targeting liver parenchyma 
• Tumor sumps activity

Segmentectomy Approach



RADIATION LOBECTOMY APPROACH

Target the dose to liver (<70 Gy)

Confirm safe margin for lung 

Calculate sump to tumor

• Targeting the liver parenchyma
• Tumor sumps activity

Lobectomy Approach



PARTITION AS A LAUNCH POINT

Specific Activity Conventional
Segmentectomy
Lobectomy

Glass ‘Like’ Tumor >190 Gy MIRD 190 Gy

Resin ‘Like’ Tumor >100 Gy Liver >70 Gy



ONE SPHERE TO RULE THEM ALL



Spreafico C, et al. Eur J Nucl Med Mol Imag. 2014;41(4):634-638.

“…reported calculations [should] emphasize the 
importance of the number of microspheres per GBq
[and] this should be considered a crucial variable in 
clinical trials…”



SIR-Spheres®

16.5-40 million
Day -3 to day 0 from ‘calibration’

TheraSphere®

1.2-27 million
Day 0 to day 12 from ‘calibration’

3 GBQ OF ACTIVITY
FLEX & EX

16.5-27 million overlap



NOW THAT I HAVE SO MANY WAYS TO GIVE THE 
SAME ACTIVITY, HOW DO I CHOOSE?

Hypovascular

Radiation segmentectomy

Radiation lobectomy

Larger tumor distribution

Poor vascularity in target

Liver parenchymal preservation in lobar infusion

FLEX





THERASPHERE EX

https://btgplc.com/en-US/TheraSphere/TheraSphere-iDOC



Time

TS Cal Time(0) 
Sunday
1200EST

Friday (+1)
1800 EST

Monday (+8)
1200EST

Friday (+12)
1200EST

Monday (-3)
1800 EST

SS Cal Time (0)**
Thursday
1800 EST



SO WHAT IS 
CALIBRATION?

Therasphere:
Sunday 1200 EST
(concept: made once a week)

Sirsphere:
Day of Admin 1800
(concept: made to order)



CONTRALATERAL HYPERTROPHY



Teo et al HPB 2016, 18, 7–12



CONTRALATERAL HYPERTROPHY:

Hypertrophy is identified retrospectively

Activity determination method not formalized

Intent to treat has not been done

Dose modulation studies not performed





DOSIMETRY: THE NEXT GENERATION





DAVYR	Workflow	Demo
BSA,	MIRD,	and	partition

Dose	estimation

Exportable	to	PDF	and	CSV

Built-in	tutorials

For	iOS	and	Android

Graphical	functions	available	
on	iPad



PARTITION MODEL
RADIATION LOBECTOMY & HYPERTROPHY



VARIAN CONFIDENTIAL/ PROPRIETARY: DISCLOSED SOLELY FOR IMMEDIATE RECIPIENT ONLY

RapidSphere™ Exploration (Varian) 
Interactive dosimetry of Y-90 activity

Work in progress: not available for sale or guarantee of commercialization.

Retrospectively 

optimize activity to 

desired dose

Explore injected 

activity effects on 

dose distribution

Understand dose 

response to drive 

research 



VARIAN CONFIDENTIAL/ PROPRIETARY: DISCLOSED SOLELY FOR IMMEDIATE RECIPIENT ONLY

Deformable Dose Mapping and Dose Summation
Typically 4 procedures to treat whole liver, which requires deformable dose summation

• Can treat unilobar (left or right), 

whole liver, or focal lesion

• Goal of completing treatment in 6-8 

weeks (often 4 procedures to treat 

whole liver)

• Registration of the 2 independent 

SPECT-CT-Dose datasets will be 

implemented using non-rigid 

BSpline technique with mutual 

information metric 



RapidSphere Workflow	Demo



VARIAN CONFIDENTIAL/ PROPRIETARY: DISCLOSED SOLELY FOR IMMEDIATE RECIPIENT ONLY

Treatment Delivery: RapidSphere
Example of composite dose distribution of Y-90 microsphere therapy  

Left Lobe Calc

Right Lobe Calc

Deformable registration to create dose sum

Courtesy of Emory University.



VARIAN CONFIDENTIAL/ PROPRIETARY: DISCLOSED SOLELY FOR IMMEDIATE RECIPIENT ONLY

Y-90 Dose + SBRT Dose Deformable Summation: RapidSphere

Y90 dose

SBRT dose

Summed

Y90 & SBRT 

dose



SUMMARY

1. Activity calculators based on safety

2. Partition based on segmentation

3. DVH and voxel based on 
personalized DOSIMETRY


