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• Analyze recent clinical trial data and real-world studies supporting the 
efficacy and safety of transarterial radioembolization (TARE) with Yttrium-
90 for hepatocellular carcinoma, including its role in early, intermediate, 
and advanced-stage disease management.

• Integrate advanced dosimetric planning and emerging interventional 
techniques to optimize treatment delivery, improve therapeutic outcomes, 
and minimize toxicity in patients undergoing Y90 radioembolization.

• Identify key patient selection criteria and collaborate across oncology, 
hepatology, and interventional radiology disciplines to determine the 
optimal timing and integration of Y90 treatment within the broader 
hepatocellular carcinoma care continuum. 

Learning Objectives



Update on Y90 Data for HCC

Zach Berman, MD

Associate Professor of Clinical Radiology
UC San Diego



We live in a great time for interventional oncology – and more 
specifically, Y90 radioembolization. 

I think it’s worth a brief (actually, very rapid) history



Radioembolization is older than you think

It’s even older than this guy



Ariel I, et al. Ann Surg. 1965;162(2):267-278.

The initial concept was with another Y: Yb169



Results were as bad as one would imagine

Ariel I, et al. Ann Surg. 1965;162(2):267-278.



Maybe it wasn’t the best idea to infuse the entire abdominal 
aorta – selective infusion is better

Catheter surgically placed 
into the right gastroepiploic, 
through GDA to hepatic 
artery

Ariel I, et al. Ann Surg. 1965;162(2):267-278.



The future is standardized and customized and in combination

photopenic 
area of tumor

Diagnostic Imaging (I131)

preferential uptake 
into the tumor

Interventional Imaging 
(Yb169)

Ariel I, et al. Ann Surg. 1965;162(2):267-278.



Catheter-based techniques were coming into fashion 
– as was the concept of dosimetry

Simon N, et al. AJR. 1968;102(3)552-561.

The 
origins of 

T:N

proto-
MIRD



The next big advancement came about 10 years later

Grady E. Dis Colon Rectum. 1979;22(6):371-375.

Establishment of MIRD Further refinement of T:N

The origins of the microsphere 
activity debate!

Modulating T:N



Something that we would also recognize today!

Herba MJ, et al. Radiology. 1988;169(2):311-314.

Thera Sphere (Theragenics, Atlanta, GA)



Something that we would also recognize today!

Herba MJ, et al. Radiology. 1988;169(2):311-314.

Dose escalation trial which gives us 
our starting point of dosing today

Though partition dosing suggested



Further dose escalation in dogs gave us our current on-
label dosing today

Wollner I, et al. Cancer. 1988;61(7):1336-1344.



Further dose escalation done in humans

Houle S, et al. Radiology. 1989;172(3).

Dose – Response 
Relationship

Further T:N 
evidence

How ahead of their time



Sirspheres were being developed simultaneously

Gray, et al. ANZ J Surg. 1992.

MIRD was initial dosimetry Continued attempts to alter T:N



Further dose escalation studies confirm that doses up to 
140 Gy safe with glass

Andrews JC, et al. JNM. 1994;35(10):1637-1644.

80-150 is posited as the safe 
threshold MIRD dosimetry for glass 
microspheres



People were even debating the use of MAA as a 
surrogate for Y90 in 1996

Ho, et al. EJNMMI. 1996.



2004 was a big year for Y90 therapy dosimetry

Van Hazel G, et al. J Surg Oncol. 2004;88(2):78-85.

BSA is born



2004 also confirmed the dosimetry targets for glass 
microspheres

Salem R, et al. JVIR. 2004;15(4):335-345.



Modern uses of “-ectomy” started quite quickly thereafter

Gaba, et al. Ann Surg Oncol. 2009;16(6):1587-1596.

40% overall growth in 
contralateral lobe



2011 – Where traction was started for HCC

Riaz A, et al. Int J Radiat Oncol Biol Phys. 2011;79(1):163-171.

> 400 Gy was in vogue about a 
decade BEFORE Legacy



Garin E, et al. EJNMMI. 2013;40(7):1057-1068.

Only 2 years after personalization based on MAA was 
started



Garin E, et al. EJNMMI. 2013;40(7):1057-1068.



3 years after rad seg described, 190 Gy MIRD was target

Vouche M, et al. Hepatology. 2014(60(1):192-201.



What was going on with resin dosimetry? 
SARAH says, 100 Gy, and the beginning of partition for Sirspheres

Hermann AL, et al. Radiology. 2020;296(3):673-684.
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Depth of Response  in Legacy Study

95% with CR*
*evaluable pts
Salem R, et al. Hepatology. 2021;74(5):2342-2352.

Legacy confirmed radiation segmentectomy (>190 Gy) as SoC



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 Gastroenterol Hepatol. 2021;6(3):162.
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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;49(10):3340-3352.

N = 209



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



Y90 has had a very exciting past. 
What does the future have in store? 

• Improved dosimetry?

• Combination with drugs? Contrast Bubbles?

• Improving delivery?

Wessner CE, et al. Radiology. 2025;316(3):e250083.

Miller S et al JVIR 2023 



Dosimetry:
How I Do It

Nima Kokabi, MD, FRCPC
Associate Professor of Radiology, Hepatology, Medical Oncology

Vice Chair of Clinical Research
Director of Interventional Oncology

University of North Carolina School of Medicine
Chapel Hill, NC



• HCC
• Glass and resin
• Calibration to order
• Dosimetry considerations and planning

– Contemporary data

Agenda



What 
Calibration to 
Order before 
Mapping?





Glass Y90



Resin Y90



FLEXDose Delivery Program (USA)



Glass vs Resin Specific Activity



Glass vs Resin Specific Activity



Dosimetry









Clinically Prudent Dosimetry Models* 

Multi-compartment (Partition) Single Compartment (MIRD)



Montazeri SA, et al. EJNMMI. 2025;52(9):3145-3150. Pianka KT, et al. EJNMMI. 2024;51(12):3744-3752.

Single Compartment (MIRD) 
Dosimetry

Wednesday 1st wk- Tuesday 2nd Wk

>500* Gy Angiosome1,2

Curative Intent (Glass)



Kokabi N, et al. EJNMMI. 2023;50(6):1743-1752. Sarwar A, et al. Radiology. 2024;311(2):e231386. Dabbous H, et al. CVIR. 2025;48(8):1113-1125. Villalobos 
A, Kokabi N. JVIR. 2023;34(10):1846-1847.

Curative Intent (Resin)
Single Compartment 

(MIRD) Dosimetry

• Segmental:
3-5 day Pre-Cal

>350 Gy Angiosome1,2,3

• Sub-Segmental:
5-7 Day Pre-Cal

>400 Gy Angiosome4



Particle Distribution for Curative Intent? (Glass)

• Different calibrations
• For those <570 Bq/spheres à 
• Angiosome PD ≥11.4 × 103/ml à CPN
• No correlation between PD and CPN 

for = >570 Bq/spheres

• CR Tumor PD: 13,697/cc 
• None-CR tumor PD: 12,279/cc
• No correlation between PD and CR



Particle Distribution for Curative Intent? (Resin)

• 3-day pre-cal Resin
• Mean: 40,000 microspheres/cc 

tumor à CR

• 3-day pre-cal Resin
• Median: 78,000 microspheres/cc 

tumor à CPN



MAA SPECT/CT (Segment Volume Calculation)



Segment Volume and LSF



Glass Planning



Resin Planning



Particle Density



Kokabi N, et al. EJNMMI. 2023;50(6):1743-1752. Sarwar A, et al. Radiology. 2024;311(2):e231386. Dabbous H, et al. CVIR. 2025;48(8):1113-1125. Villalobos 
A, Kokabi N. JVIR. 2023;34(10):1846-1847.

Glass: Unilobar HCC (Palliative Intent)

Multicompartment (Partition)
• Mean NTAD

• <90 Gy (ideal)*

• Mean TD
• >205 Gy (minimum) 
• >250 Gy (ideally)

• Calibration 
• Late 1st wk or early 2nd 

week



Kokabi N, et al. EJNMMI. 2023;50(6):1743-1752. Sarwar A, et al. Radiology. 2024;311(2):e231386. Dabbous H, et al. CVIR. 2025;48(8):1113-1125. Villalobos 
A, Kokabi N. JVIR. 2023;34(10):1846-1847.

Resin: Unilobar HCC (Palliative Intent)

Multicompartment (Partition)
• Mean NTAD

• CP A or ALBI 1: <70 Gy
• CP-B7 or ALBI 2: <40-50 Gy

• Mean TD
• >120 Gy (minimum) 
• >250-330 Gy (ideally)

• Calibration: 
• 1-2 day pre-cal or DOC



Case: Lobar Treatment

• 64-year-old Male
• Hepatitis C Cirrhosis
• 7.3 cm HCC (right lobe)

• Several satellite lesions
• CP A-5
• ALBI Grade 1
• ECOG 0

Courtesy of Dr. Armeen Mahvash



Baseline CTA



Intraprocedural CT (Mapping)



MAA SPECT/CT (4 mCi)



• The following parameters were used
§ Tumor volume: 122 cc
§ Right hepatic lobe volume: 972 cc
§ TNR: 10.2
§ LSF: 2.1%
§ Partition Model
§ Desired non-tumoral liver dose:

o <90 Gy (targeted lobe)
o Desired tumor dose: 250 Gy

§ Prescribed activity: 32 mCi

Activity Calculation (Glass)



• The following parameters were used
§ Tumor volume: 122 cc
§ Right hepatic lobe volume: 972 cc
§ TNR: 10.2
§ LSF: 2.1%
§ Partition Model
§ Desired non-tumoral liver dose:

o <90 Gy (targeted lobe)
o Desired tumor dose: 400 Gy

§ Prescribed activity: 51 mCi

Activity Calculation 
(Glass: Dose Escalation)



• The following parameters were used
§ Tumor volume: 122 cc
§ Right hepatic lobe volume: 972 cc
§ TNR: 10.2
§ LSF: 2.1%
§ Partition Model
§ Desired non-tumoral liver dose:

o <70 Gy (targeted lobe)
o Desired tumor dose: 330 Gy

§ Prescribed activity: 43 mCi

Activity Calculation 
(Resin: Dose Escalation)



F/U CT @ 6 months Post Y90

• Treatment cavity
• No residual enhancement 
• Complete response
• No grade 2+ treatment-related 

toxicity @ 6 months
• No significant post-radiation 

changes in the right lobe of 
the liver



Multifocal Bilobar HCC (Glass)

Multicompartment (Partition)

• Mean NTAD:
• <40-70 Gy 

• Mean TD:
• >205 Gy (minimum) 
• >250 Gy (ideally)

• Calibration: 
• Late 1st wk or early 2nd 

week
Salem R, et al. EJNMMI. 2023;50(2):328-343.



Multifocal Bilobar HCC (Resin)

Multicompartment (Partition)

• Mean NTAD:
• <30-40 Gy 

• Mean TAD:
• >100 Gy (minimum)
• >150 Gy (ideally)

• Calibration: 
• 1-2 day pre-cal or DOC*

Levillain H, et al. EJNMMI. 2021;48(5):1570-1584.



Partition Model: Preferred Dosimetry Approach

Salem R, et al. EJNMMI. 2023;50(2):328-343. Levillain H, et al. EJNMMI. 2021;48(5):1570-1584.

• Liver Function: CP A and ALBI 1
• NTL Dose

• >70 Gy (Resin)
• >88 Gy (Glass)

• Tumor(s): Could consider a 2nd 
Segmental Dose to tumor 

• >300 Gy (Resin)
• >400 Gy (Glass)

• Calibration
• Glass: wk 1 (Wednesday) to wk 2 

(Tuesday)
• Resin: DOC or 1-day pre-Cal



Single Compartment Dosimetry: Less Preferred

Salem R, et al. EJNMMI. 2023;50(2):328-343. Levillain, et al. Levillain H, et al. EJNMMI. 2021;48(5):1570-1584.

• Single Compartment (MIRD)
• >80-100 Gy (Resin)
• >140-150 Gy (Glass)



Tumor with Macrovascular Invasion
• Segmental: Rad Segmentectomy
• Unilobar: Rad lobectomy (partition)
• Bilobar: Biloboar w/o MVI (partition)

• Key: Arterial Enhancement and/or 
Tc99-MAA uptake on mapping



Case: HCC w/ MVI

• 67-year-old Male

• 3.6 cm HCC (Seg 8) 
w/ PVT

• CP A

• ECOG 0



MAA SPECT/CT



MAA SPECT/CT



Dosimetry 
Planning

Glass Resin



• Personalized Y90 is key to success in HCC

• Always keep in mind the treatment goal

• Segmentectomy: Single compartment (T/N = 1)

• Everything Else: Multicompartment (Partition)

• Particle Density Matters to achieve CR and CPN in Resin
– No convincing evidence on Glass side so far

Take Home Points



Getting the Particles Where You Want Them: 
Advanced Flow Diversion Techniques

Jacob Core, DO
Vascular and Interventional Radiology, Assistant Professor

Mayo Clinic Florida



Whole Liver Resin 90y @ 0.9GBq

> 1yr Post 90y

Early years of radioembolization showed that 
large-volume radioembolization can lead to hepatic failure

Pre 90y



Increased age, elevated baseline serum bilirubin (ALBI), Whole Liver 90y, 
and baseline cirrhosis in earlier literature have shown to be predictors of 

RILD risk following radioembolization1,2

Radiation-Induced Liver Disease (RILD)

1Riaz A, et al. Complications following radioembolization with yttrium-90 microspheres: A comprehensive literature review. J Vasc Interv Radiol. 2009;20(9):1121–1130. 
2Gil-Alzugaray B, et al. Prognostic factors and prevention of radioembolization-induced liver disease. Hepatology. 2013;57(3):1078–1087. 



Riaz A, et al. Radiation segmentectomy: A novel approach to increase safety and efficacy of Radioembolization. Int J Radiat Oncol Biol Phys. 2011;79(1):163-171.

Modern radioembolization technique involves 
segmental or superselective administrations unless
lobar delivery is necessary for best clinical outcome

However, complex/unfavorable blood supply may not allow for selective infusions



Definitions
• Flow Diversion – Technique to promote blood (and dose) to the intended treatment 

bed and mitigate toxicity to non-target tissue

• Flow Redistribution – Technique that typically involves occlusion of a tiny tumor 
supplying artery(s) to promote flow and coverage via a larger feeder artery to 
the intended treatment bed

• Proximal Radioembolization Enabled by Distal Angiosomal Trunctation 
(PREDATr)

Flow Diversion and Flow Redistribution

1Kim HC. Radioembolization: Technical tips and follow-up imaging. J Korean Soc Radiol. 2025;86(4):457. 2Core JM, et al. Increasing yttrium-90 dose conformality using proximal 
radioembolization enabled by distal angiosomal truncation for the treatment of hepatic malignancy. J Vasc Intervent Radiol. 2020;31(6);934-942.



1What is hepatocellular carcinoma? Cleveland Clinic. Last reviewed Feb. 2, 2024. Accessed Oct. 17, 2025. https://my.clevelandclinic.org/health/diseases/21709-
hepatocellular-carcinoma-hcc 2Core JM, et al. Increasing yttrium-90 dose conformality using proximal radioembolization enabled by distal angiosomal truncation for the 
treatment of hepatic malignancy. J Vasc Interv Radiol. 2020;31(6):934-942.

Does PREDATr result in 
increased particle deposition
in the tumor bed and reduce 
deposition in non-target tissue? 





• Microvascular Plug (Medtronic™)
• Retrievable Coil (Concerto™, Covidien)
• Gelatin Slurry (Gelfoam®) (Surgifoam™, Ethicon)
• Balloon Microcatheter (Sniper™, Embolx)
• Balloon Microcatheter + Gelfoam
• Double Balloon Microcatheter Technique
• Degradable Starch Microspheres (Embocept-S®, 

PharmaCept)

Temporary Occlusion Devices and Technique

1Barth KH, et al: Long-term follow-up of transcatheter embolization with autologous clot, oxycel, and Gelfoam in domestic swine. Invest Radiol. 1977;12(3):273-280. 2Tanaka M, 
et al. The double-balloon technique: A safe and effective adjunctive technique in patients undergoing arterial therapy for hepatic malignancies with vascular supply not amenable 
to selective administration. CVIR Endovasc. 2023;6(1):3.



6 French Sheath

Paralleled Microcatheters

MVP



Case Examples

Special thanks to my partners Beau Toskich MD, Andrew Lewis MD, Gregory Frey MD, 
Ricardo Paz Fumagalli MD, and Zlatko Devcic MD, and Charles Ritchie MD



Balloon Microcatheter







Gelfoam



• 2 10cc syringes

• 10 mL of 100% contrast

• Fine pledgets

• Evacuate ALL air bubbles

• Distal catheterization to 
reduce reflux into tx vessel

• Flush 3x

• Check result with DSA





Balloon-Assisted Gelfoam Delivery

MAA 
SPECT

Brem 
SPECT

Post

Pre



Microvascular Plug

Cor



MVP



MAA SPECT Brem SPECT

MRI + Brem Fusion



Pre 90y

6 months
post 90y



Double Balloon Microcatheter Technique

Tanaka M, et al. The double-balloon technique: A safe and effective adjunctive technique in patients undergoing arterial therapy for hepatic malignancies with vascular supply not 
amenable to selective administration. CVIR Endovasc. 2023;6(1):3.

Distal and proximal protection



Degradable Starch Microspheres

• 50 µm particles with a 
half-life of ~35 min

• Degraded by α-amylase

• No reports of sustained 
vessel occlusion

• No need for a second 
microcatheter (Gelfoam)

Gil-Alzugaray B, et al. Prognostic factors and prevention of radioembolization-induced liver disease. Hepatology. 2013;57(3):1078-1087. Meyer C, et al. Feasibility of temporary 
protective embolization of normal liver tissue using degradable starch microspheres during radioembolization of liver tumours. Eur J Nucl Med Mol Imaging. 2013;41(2):231-237.



Post PREDATr Patency?



Cor







Brem SPECT



Radioembolization through previously gelfoamed artery?





The importance of reducing non-target 90y

CorCor



Detachable Coil





What have we learned?



Reduction Does Not Always Equal Occlusion
Balloon Microcatheter 



Pre 90y

1 month 
post 90y



Concerns and Limitations
of the Procedural Technique

• Cost (balloon microcatheter, MVP, detachable coil)
• Procedure (fluoro) time
• Gelfoam embolization prior to Y90 administration may reflux into the 

treatment vessel 
• Could potentially increase immediate toxicity of treatment if large-volume 

embolizations are performed
• No consensus on degree of stasis necessary to achieve result



Summary

• PREDATr technique is safe and feasible
• Extends the option of “segmental/selective” 90y to patients with 

sub-optimal vascular supply

• Potential dose reduction to non-target parenchyma 
and dose intensification to the intended treatment bed


