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• To become familiar with clinically relevant dosimetry models for treatment 
planning in patients undergoing Y90 radioembolization.

• To become familiar with most clinically relevant and contemporary clinical 
data on correlation between dosimetry, oncologic outcomes and 
treatment related toxicity

• To become familiar with commercially available dosimetry software's used 
in the United States for Y90 treatment planning with emphasis on MIM 
Y90 Dosimetry Software and Cancer Y90 App

• To gain hands-on skills of using dosimetry software's and simulate 
treatment planning for multiple therapeutic intent cases using MIM and 
Cancer Y90

Learning Objectives



Why Bother with Y90 Dosimetry?

Nima Kokabi, MD & Ripal Gandhi, MD

October 16, 2026





• 8 AM-9:45 AM: Didactics
– Deep Dive in Dosimetry and Dose Distribution
– Y90 Treatment Logistics

• 9:45 AM-10 AM: Break
• 10 AM-12 PM: Parallel Sessions

– Group 1: Hands-on Dosimetry Planning & Confirmation
– Group 2: Implementing a Y90 Program

• 12 PM-1 PM: Lunch
• 1 PM-3 PM: Parallel Sessions

– Group 2: Hands-on Dosimetry Planning & Confirmation
– Group 1: Implementing a Y90 Program

• 3 PM-3:15 PM: Post Fellowship Logistics
• 3:15 PM-3:30 PM: Q&A

Agenda



Clinically Relevant Dosimetry Models

Alex Villalobos, MD 
University of North Carolina – Chapel Hill

@Villalobos_MD

Background: Fig 1 and Fig 2 from Villalobos et. Al. “Yttrium-90 Radioembolization Dosimetry: Dose Considerations, Optimization, and Tips”



@Villalobos_MD
Microsoft CoPilot AI Drawing

Can Be A Complex Topic…



Compartments/Dosimetry Are Estimated…

@Villalobos_MD

…This is Reflected in the Equations



Compartments/Dosimetry Assumptions

@Villalobos_MD

• Densitovolumetry relationships don’t change
– What about changes in tissue density? (e.g., cirrhosis, emphysema)

• Radioisotope distribution is perfectly uniform
– What about in large heterogenous tumors?

• Radioisotope distribution does not change (i.e. permanent)
– What about Tc-99m MAA particle fragmentation?

• 100% of the isotope decay occurs within the tissues
–  What about Y90 excretion in urine?



Important Dosimetry Definitions
• Activity = Decays per second = Becquerel (Bq)

– USA uses Curie (Ci) which equals 37 GBq

• Volume = Tissue mass (kg) where activity will be deposited
– Mass can be estimated from volume by densitovolumetry 

techniques

• Absorbed Dose = Amount of energy (J) deposited within the 
volume (kg) = Gray (Gy)

• Compartment = Number of areas radioisotope deposition 

@Villalobos_MD

Particle



Manufacturer Recommendations 
for Dosimetry Model Utilization

• Resin Y90-RE
– Body Surface Area (BSA) 

• Not really a dosimetry model

– Partition Dosimetry

• Glass Y90-RE
– MIRD Dosimetry

– Partition Dosimetry

@Villalobos_MD

In Reality: 
You can use MIRD or Partition Model Dosimetry for either particle! 



Clinically Relevant Dosimetry Models

– Body Surface Area (BSA) 
• Not really a dosimetry model

– MIRD Dosimetry

– Partition Dosimetry

@Villalobos_MD

Personalized
Dosimetry

Microsoft CoPilot AI Drawing

Let’s Explore What These Are 
(Conceptually and Mathematically)



MIRD Model Conceptually

@Villalobos_MD

Assumes ONE 
Homogenous 
Distribution

Atotal = ADelivered



Medical Internal Radiation Dose (MIRD) 
Dosimetry Model

@Villalobos_MD

Generic Absorbed Dose 
Rate Eq: 

Generic Activity of Isotope 
at Certain Time Eq: 

Assume Isotope Decays 100% in 
Tissue

Input Y90 Isotope Specs

Round Up and Rearrange



MIRD Model Summary

• Single-Compartment Model (Simplest Form)
– Assumes uniform activity distribution within the targeted tissue

• Input: 
– Desired dose for angiosome 
– Mass/volume of angiosome

• Output:
– Activity to give 

@Villalobos_MD



Not So Bad... Right? 

@Villalobos_MD



Partition Model Conceptually - Pt.1

@Villalobos_MD

Assumes Two 
Homogenous 
Distribution

Atotal = Atumor + ANon-Tumor

ATumor

ANon-Tumor



Partition Model Conceptually - Pt.2

@Villalobos_MD

Assumes Two 
Potentially 
Different 

Absorbed Doses

TNR = !!"#$%
!&$'(!"#$%

DTumor

DNon-Tumor



Partition Dosimetry Model

@Villalobos_MD

Activity within Non-Tumor Tissue

Atotal = Atumor + ANon-Tumor

Rearrange

Line it up



Partition Dosimetry Model 
(Adapted for Clinical Practice)

@Villalobos_MD

How to get TNR? How to adapt the formula for 
Desired Tumor Dose (DT)

Rearrange

Incorporate to Eq.

Incorporate to Eq.



Partition Dosimetry Model Summary

• Two-Compartment Model (Simplest Form)
– Assumes uniform activity distribution within the tumor and non-tumor tissue within 

the targeted angiosome

• Input: 
– Desired Tumor Dose
– Mass/volume of Tumor 
– Mass/volume of Non-Tumor
– TNR

• Output:
– Activity to give 

@Villalobos_MD

DTumor

DNon-Tumor



@Villalobos_MD

Ok… Let’s Summarize



Dosimetry: Don’t Just Memorize… 
Understand It! 

@Villalobos_MD



Clinically Relevant Dosimetry Models

– Body Surface Area (BSA) 
• Not really a dosimetry model

– MIRD Dosimetry

– Partition Dosimetry

@Villalobos_MD

Personalized
Dosimetry

Tip: Always Aim to 
Utilize Personalized Dosimetry!



A.Villalobos@UNC.edu
@Villalobos_MD



Important Contemporary 
Glass and Resin Dosimetry Studies

Zach Berman, MD

Associate Professor at Clinical Radiology
UC San Diego



The goal of this talk is to look at ways we can improve TARE 
dosimetry to do this we will discuss: 

• What dosing “physically means”

• Current dose targets based on treatment intent for HCC

• Future of dosimetry for metastatic disease



How we think about treatments in 2025

31

•

Dose

More is 
better



How we think about treatments in 2025

• Commonly used in units of Gray (Gy)

• Energy absorbed by tissue from radiation exposure…

• 1 joule of energy deposited in 1 kilogram of tissue

 What it isn’t:  A description of the biological effects 
           of different types of radiation.

32

Dose



Biologic Equivalent Dose – The Known Unknowns

33

Biologic Equivalent Dose

Total Dose Radiosensitivity

Repair Time
Estimation

T1/2



With our dosing models we assume symmetry

34



Reality is that is not always the case

35



36

Dose

Why our 2025 understanding is suboptimal



Why our 2025 understanding is suboptimal

37

Dose

# of Spheres

microsphere density

microsphere activity



Microsphere activity is different between the available 
products

38

My typical Glass My typical Resin

resin is going to become more pre-
calibrated further pushing the 
convergence of the products

resin

glass



MA is the reason why doses are different between products
as MA converges between both – so will dose



At least three phase 3 trials with empiric dosing have been negative in HCC

SARAH Trial (BSA)
Resin Y90 vs Sorafenib (median OS ~9 mo) 

SIRveNIB Trial (BSA)
Resin Y90 vs Sorafenib (median OS ~9 mo) 

Vilgrain V, et al. “Efficacy and safety of selective internal radiotherapy with yttrium-90 resin microspheres compared with sorafenib in locally advanced and inoperable hepatocellular carcinoma (SARAH): an open-label randomised controlled 
phase 3 trial.” The Lancet. Oncology. 2017;18:12. Chow, Pierce KH, et al. “SIRveNIB: Selective Internal Radiation Therapy Versus Sorafenib in Asia-Pacific Patients With Hepatocellular Carcinoma.” JCO.  2018;36(19):1913-1921. 

STOP-HCC (MIRD)
 Glass HCC phase 3 trial was never published.



Negative empiric dosing trials (CRC)

Wasan, Harpreet S et al. “First-line selective internal radiotherapy plus chemotherapy versus chemotherapy alone in patients with liver metastases from colorectal cancer (FOXFIRE, SIRFLOX, and FOXFIRE-Global): a combined analysis of three 
multicentre, randomised, phase 3 trials.” The Lancet. Oncology vol. 18,9 (2017). Mulcahy, Mary F et al. “Radioembolization With Chemotherapy for Colorectal Liver Metastases: A Randomized, Open-Label, International, Multicenter, Phase III 
Trial.” JCOvol. 39,35 (2021): 3897-3907. 

*Technically positive with PFS/hPFS as primary endpoints; but hasn’t moved the needle without OS

So, what has been positive?

SIRFLOX, FOXFIRE, FOXFIRE Global (Resin) EPOCH (Glass)



Tumor specific doses lead to 
a 14-month survival benefit

331 Gy
221 Gy

Over 300 Gy is target
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months since intervention

Increased tumor dose is correlated with OS; best at doses >300 Gy 
for tumors ~10cm in size with TIV

Garin E, et al. Lancet GI. 2021.



Personalized dosimetry has also shown survival benefit in large 
continent-wide registries, as well

Kolligs, Frank et al. “Factors impacting survival after transarterial radioembolization in patients with hepatocellular carcinoma: Results from the prospective CIRT study.” JHEP reports : innovation in hepatology vol. 5,2 100633. 25 Nov. 2022, 



Personalized dosimetry has also shown survival benefit in large 
continent-wide registries, as well

Kolligs, Frank et al. “Factors impacting survival after transarterial radioembolization in patients with hepatocellular carcinoma: Results from the prospective CIRT study.” JHEP reports : innovation in hepatology vol. 5,2 100633. 25 Nov. 2022, 
Schaefer N, et al. “Prognostic Factors for Effectiveness Outcomes After Transarterial Radioembolization in Metastatic Colorectal Cancer: Results From the Multicentre Observational Study CIRT.” Clinical colorectal cancer vol. 21,4 (2022): 285-
296

So, how do we make this work?



Necrosis at the cellular level is the ultimate objective of any curative therapy
this is the table stakes for the rest of this talk

microspheres in 
artery

extensive necrosis

immune 
infiltration



A short interlude thought experiment

If we want to optimize ablative 
radioembolization dosimetry we 
will have to optimize each 
controllable variable

𝐷𝑜𝑠𝑒 = 𝑀𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒	𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦	𝑥	𝑀𝑖𝑐𝑟𝑜𝑠𝑝ℎ𝑒𝑟𝑒	𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑥	C

𝐵𝑞
𝑠𝑝ℎ𝑒𝑟𝑒

𝑠𝑝ℎ𝑒𝑟𝑒
𝑚𝐿

𝐵𝑞
𝑚𝐿

𝐵𝑞
𝑘𝐺

𝑚𝐿
𝑘𝐺

𝐵𝑞
𝑘𝐺





Baseline



More spheres with same microsphere activity does not equal more necrosis



Let’s go back to our baseline model



Fewer spheres with higher microsphere activity CAN equal more necrosis



but you can have too few spheres even if infinitely hot…



The correct microsphere activity and density leads to necrosis



Tailoring Correct Sphere Density for the Occasion

Low Particle Load High Particle Load

Pasciak, A.S., Abiola, G., Liddell, R.P. et al. The number of microspheres in Y90 radioembolization directly affects normal tissue radiation exposure. Eur J Nucl Med Mol Imaging 47, 816–827 (2020)



MIRD Dose: 400 Gy

3080 Bq/sphere
2,700 spheres/mL

390 Bq/sphere
21,700 spheres/mL

1090 Bq/sphere
7,700 spheres/mL

Berman et al. Spatially Fractionated Transarterial Radioembolization as a Method to Synergize with Immunotherapy for Hepatocellular Carcinoma, under reiew

The correct microsphere activity and density lead to necrosis

too few spheres? the right amount? too cold spheres?

It is a spectrum – 
dose does not tell 

entire story! 



Complete pathologic response predicts improved recurrence-free and 
survival rates after transplantation

56Agopian et al. Annals of Surgery 2017
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reduces recurrence by 
about 80%
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In the US national database (UNOS), TARE was more likely to 
lead to CPN than TACE

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

TACE

TARE

CPN Not CPN

34% 

19%

N= 6,265

However, there is 
significant 
room for improvement
as rates of CPN remain low. 

Sarwar A et al. AJR 2022 



Complete
Partial Stable/Progressive

N= 575 

mRECIST Response to Rad Seg Across Multiple Studies

Salem R et al. Journal of Hepatology 2025

Ablative RE leads to mostly complete imaging response

objective response rates near 100%

with nearly all patients having a response

complete pathologic response with 
contemporary 
dosing thresholds between 76-100%



This holds true for smaller tumors, as well – though we don’t often 
consider tumor dose and opt for single compartment dosing

Ochsner

UCSD

Mayo Clinic

BID (resin)

Sandow et al JVIR 2024, Pianka et al. EJNMMI 2024, Montazeri et al. EJNMMI 2025,  Sarwar et al. EJNMMI 2025

Tumor 
specific 
doses leads 
to complete 
necrosis



Data is less concrete but developing with resin microspheres

Doorway interim analysis

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Mean tumor absorbed dose (Gy)

IQR: 371-779 Gy

Median 531 Gy

Ok, so now what if you can’t be ablative?
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Median tumor dose is correlated with survival odds for tumors ~7 cm in size 
with optimal outcomes seen at doses that are greater than 300 Gy

Lam M et al EJNMMI 2022

N = 209



Tumor specific doses lead to 
a 14-month survival benefit

331 Gy
221 Gy

Over 300 Gy is target
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months since intervention

Increased tumor dose is correlated with OS; best at doses >300 Gy 
for tumors ~10cm in size with TIV

Garin E et al. Lancet GI 2021



Metastatic disease can be a large part of your practice, and appropriate 
personalized dosimetry is even more crucial.



Regardless of what “dose” was used, the act of thinking about dose is 
beneficial for CRC

Schaefer N.Prognostic Factors for Effectiveness Outcomes After Transarterial Radioembolization in Metastatic Colorectal Cancer: Results From the Multicentre Observational Study CIRT. Clin Colorectal Cancer. 2022



Regardless of what “dose” was used, the act of thinking about dose is 
beneficial for CRC

Sankhla T, Cheng B, Nezami N, Xing M, Sethi I, Bercu Z, Brandon D, Majdalany B, Schuster DM, Kokabi N. Role of Resin Microsphere Y90 Dosimetry in Predicting Objective Tumor Response, Survival and Treatment Related Toxicity in 
Surgically Unresectable Colorectal Liver Metastasis: A Retrospective Single Institution Study. Cancers (Basel). 



Regardless of what “dose” was used, the act of thinking about dose is 
beneficial for CRC

Transarterial Radioembolization in the TACOME Trial: Dosimetric Analysis and Clinical Features in Predicting Response and Overall Survival Soydal et al.  Journal of Nuclear Medicine May 2025, jnumed.125.269519



Transarterial Radioembolization in the TACOME Trial: Dosimetric Analysis and Clinical Features in Predicting Response and Overall Survival Soydal et al.  Journal of Nuclear Medicine May 2025, jnumed.125.269519

Regardless of what “dose” was used, the act of thinking about dose is 
beneficial for CRC



This benefit may be in part to better patient selection
arterial conduit suitability is critical for effective and safe dosimetry

Paz-Fumagalli R, et al. Safety and initial efficacy of ablative radioembolization for the treatment of unresectable intrahepatic cholangiocarcinoma. Oncotarget. 2021;12: 12:2075-2088



The same dose-responses are seen with other malignancies, as well
in this case, neuroendocrine tumors

Ebbers SC, et al. Dose-response relationship after yttrium-90-radioembolization with glass microspheres in patients with neuroendocrine tumor liver metastases. Eur J Nucl Med Mol Imaging. 2022 Apr;49(5):1700-1710. 



The same dose-responses are seen with other malignancies, as well
in this case, breast tumors

Ridouani F et al. Relationship of radiation dose to efficacy of radioembolization of liver metastasis from breast cancer. Eur J Radiol. 2021 Mar;136:109539. doi: 10.1016/j.ejrad.2021.109539. 

167 
Gy

54 Gy



Glass

Tumor Dose: 150-200

So where am I at today with metastatic disease?

Resin

Tumor Dose: 130+

resin is going to become more pre-calibrated 
further pushing the convergence of the products



The goal of this talk was to look at ways we can improve 
TARE dosimetry : 

• What dosing “physically means”

• Current dose targets based on treatment intent for HCC

• Future of dosimetry for metastatic disease



Importance of 
Particle Density (PD) and 

Dose Distribution 

Alex Villalobos, MD 
University of North Carolina – Chapel Hill

@Villalobos_MD

Background: Fig 1 from Lam et. Al. “The relationship between yttrium-90 glass microspheres specific activity, particle density and treatment outcomes in HCC and mCRC”



Definitions & Theory

@Villalobos_MD



Definitions
• Particle Density: # of Particles per Unit Volume (Microspheres/mL)

• What Impacts Tumor Particle Density? 
• Number of Particles

• Volumes Treated

• Tumor Vascularity (e.g. TNR)

• Lung Shunt Fraction 

@Villalobos_MD



Theory: Why is PD Important?
(At Same Target Doses)

Low Particle Density = More Coverage Gaps

@Villalobos_MD

Fig 5 from Maxwell et. Al. “Optimizing Y90 Particle Density Improves Outcomes After Radioembolization”

More Coverage Gaps = Need Higher Specific Activity Particles 
 to Compensate 



Theory: How Does PD Impact Clinically?

@Villalobos_MD

“For a fixed mean absorbed dose, the higher is the number of particles per giga 
becquerel [i.e. higher number of lower specific activity particles], the higher is the 

biological effect.”

i.e.: The same biological effect can be achieved with lower specific activity 
particles at lower doses than with higher specific activity particles at higher 

doses (Both OR and Toxicity)
 



Overlap of Similar 
Activity Capability

6 to 18 Million Spheres

GLASS – 3 GBq Activity

RESIN – 3 GBq Activity

Number of Particles (Millions)
0.75 6 18 44

68

Day 0
Calibration

Day 12* 
Calibration

Larger4000 

Y90 Microsphere Specific Activity (Bq/Microsphere)

Day 0 
     Calibration

Day -7
Calibration

493 168

27

Y002 Vial (3mL)
2-DPC Resin

(110 Bq/microsphere)

(Y001 Vial (5 mL))

Theoretical Max Particles per Device
(To Achieve 3 GBq (81 mCi))

*More than one (x1) Glass Vial Required

@Villalobos_MD



Overlap of 
Similar Activity 

Capability

2.2 to 4.9 Million 
Spheres

GLASS – 1 GBq 
Activity

RESIN – 1 GBq Activity

Number of Particles (Millions)
0.8 2.2 4.9 19

53

Day 4
Calibration

Day 11 
Calibration

Larger1417 

Y90 Microsphere Specific Activity (Bq/Microsphere)

Day +1 
     Calibration

Day -7
Calibration

451 223

(Y002 Vial (3 mL))

12 PM Day 4 
(Thu wk 1)
3 GBq Vial

3 PM Day 11 
(Thu wk 2)

19.5 GBq Vial

3 PM 
1 Day POST Cal

8 AM 
7 DPC

Practical Max Particles per Device 
(To Achieve 1 GBq (27 mCi) with a Single (x1) Vial)

@Villalobos_MD
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GLASS:   Day 0 Calibration
 4000 Bq/Microsphere

RESIN:    7-Day Pre-Calibration
 492 Bq/Microsphere

Rate of Activity Loss Decreases Over Time

@Villalobos_MD



Y90 Devices Are Built Differently… Interpret Data 
Carefully! 

4,000

Glass is Smaller

Resin Suspends Easier in Blood

@Villalobos_MD

0.75 million
5 million

Y90 Devices Are Built Differently



Ok, But…

How Many Particles Do I Need?

@Villalobos_MD



Commonly Cited Particle Density 
Papers

@Villalobos_MD



@Villalobos_MD

• Microspheres deposit 
non-uniformly

• Form cluster-like 
formations*

*Cluster assumption based on explanted animal samples 
and PET/CT Data*



• At >5,000 particles/mL, 
increasing particle 
density does not 
meaningfully impact 
minimum absorbed 
dose to the tumor nor 
% of clusters occupied

• In other words:
– Study recommends 

>5,000 particles/mL to 
achieve coverage

Importance of Particle Density on 
Minimum Absorbed Dose

@Villalobos_MD



• Same minimum absorbed 
dose can be achieved by
– Increasing Particle Density of 

lower specific activity particles 
at lower absorbed dose 

OR

– Keep decreased Particle 
Density, but use higher 
specific activity particles with 
higher absorbed dose 

Applicable 
to Resin! 

Applicable 
to Glass! 

@Villalobos_MD



@Villalobos_MD

Glass
^ 



@Villalobos_MD

Glass
^ 

Lower Specific Activity = Improved 
Absorbed-Dose Homogeneity

Glass Cluster/mL & Cluster Distance 
plateaus around ~5,500(?) microspheres/mL



So… What Does This Mean? • There is a MINIMUM particle density 
required to get the absorbed dose 
coverage you need
• Maybe >5,000 microspheres/mL?

• Higher particle density improves 
absorbed-dose homogeneity
• Increases minimum absorbed dose in 

all the angiosome tissue 
• Theoretically increases toxicity risk in 

normal tissue
• Not an issue in Segmentectomy, but 

maybe in lobar? 

All this explains why Glass has 
higher dose thresholds than Resin! 



So…
How much PD do I need? 

@Villalobos_MD

Min: >5,000 particles/mL

Ideal vs Max: ??? Data is Evolving…



@Villalobos_MD

Real World Clinical Data

Higher Glass PD associated 
with more tiredness?

But No PD is Reported? L 

Higher Resin PD associated with more CPN

But focus of study is on achieving the Dose Thresholds! 



@Villalobos_MD

Real World Clinical Data

TLDR: 

Particle Density Matters!
…but it is nuanced…



Particle Density Goals: 

@Villalobos_MD

Minimum: >5,000 particles/mL

Ideal vs Max: ?Unknown? (focus on Dose Threshold)

Don’t Forget PD Theory Fundamentals!
Y90 Devices are Different

Higher PD + Lower SA = Better Theoretical Coverage, requires Lower Dose Thresholds
Lower PD + Higher SA = Worse Theoretical Coverage, requires Higher Dose Thresholds  

Summary



A.Villalobos@UNC.edu
@Villalobos_MD


