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• Imaging: Day zero
• Clinic 1 month
• 62 yo Male
• MASLD
• ALBI 2
• CP A5
• BCLC C
• ECOG 1
• AFP 5700

Let’s Start with a Case



Dosing
• Mapping 1 month after clinic

• Treatment 6 wks after clinic
– First wk Tues
– Segment 6 350cc 8gbq

• 600gy 11gy lung
– Segment 6 100cc 3gbq

• 800gy 4.5gy lung
– PVT 100cc 3gbq

• 800gy 4.5gy lung



SPECT/CT

• Post MAA • Post Y90



Initial Follow-Up

• 7 wks post treatment
• AFP 13,600
• CP B9
• ALBI 3



Long-Term Follow-Up

• 11 months after treatment
• AFP 350
• CP B9
• ALBI 3
• Lenvima® (lenvatinib)
• Recurrent paracentesis



Thoughts? 

• Bad biology
• Dosimetry 

– Treatment day
– In combo with IO

• But………..

• Treatment plans need to be individualized to the patient



• What was traditional is not contemporary!!!

• Not absolute
– Treatment timeline

• But definitely for 
– Mapping
– Dosimetry
– Treatment
– Follow-up

Traditional Workflow



Referral to clinic 
2 wks

• MultiD TB
• MultiD clinic*
• Outside referral

Clinic to mapping 
2-4 wks

• HCC doesn’t 
wait for preauth, 
other tumor 
types do

Clinic to treatment 
4-6 wks

• Imaging within 3 
months of 
treatment*

Pretreatment Workflow

Weber, et al. EJNMMI. 2022. Mourad, et al. Cancers. 2024. Dahan, et al. HC. 2023.

• MDTB or MTC is just the beginning of 
communication and collaboration

• Labs at clinic, mapping, and treatment



• Treatment intent
– Curative
– Bridging
– Downstaging
– Palliative 

• Mapping
– Nonselective CBCT
– Multiple selective CBCTs

• Every delivery spot
• Drop the contrast rate and volume 

as needed
– Volume accuracy

– Nonselective or selective MAA 

Mapping Workflow

Salem, et al. EJNMMI. 2022.



Dosimetry Software

Simplicit90YTM

Personalised dosimetry 

RapidSphereTM
Image-guided voxel dosimetry for Y90
selective internal radiation therapy

SurePlanTM LiverY90
Advanced dosimetry software for 
treatment of patients undergoing 
Y90 radioembolization



MAA Dosimetry

• Software – MIM
– SPECT CT lung shunt

• Especially over 10%
– Whole liver volume

– TNR
• Perfused volume
• Tumor volume

– Perfused volumes
• Philips workstation

• Dosimetry
– BSA
– MIRD

• Segmentectomy 
• Multiple selective doses

– Partition
• Lobar
• Large volumes with multifocal 

tumor and lots of normal liver
– Miliary disease

• Target background liver
• Give another therapy

Georgiou, et al. EJNMMI. 2021. Elsayed, et al. CVIR. 2021.



MAA Dosimetry

• Partition dosimetry 
– > MIRD
– > BSA

• Be cognizant 
– MAA to Y90 disparity

Kolligs, et al. JHEP. 2022. Schaefer, et al. CCC. 2022. Garin, et al. Lancet. 2021. Kappadath, et al. JNM. 2022. Villalobos, et al. JVIR. 2021. Wondergem, et al. 
JNM. 2013. Thomas, et al. MP. 2020. Alsultan, et al. JNM. 2021.



Delivery Workflow

• Replicate mapping
• Any change in plan

– Repeat CBCT
• Something doesn’t smell right

– Repeat CBCT
• Deliver doses

– Load catheter with contrast for 
glass

– Push dose with 70/30 for resin



Y90 Dosimetry

• Post dosimetry
– Tumor coverage
– +/- voxel based dosimetry

• V400, D95, etc

Sandow, et al. JVIR. 2024. Pianka, et al. EJNMMI. 2024.

Mean dose perfused 770 Gy
Mean dose tumor 1056 Gy



• 4-6 wks
– Imaging, labs, clinic

• Triple phase CT or MRI for HCC
– PET/CT or PET/MR for cholangio, mets

– Rad seg, 80 lesions, median size 1.8cm
– Median time to initial follow up 47 days
– At 12 months, high PPV and low NPV
– 93% CR at 12 months

• 3/6/9/12 month rinse and repeat
– Must follow your patients
– Keep the referring physician in the loop

Follow-Up Workflow

Stocker. ER. 2024. Weber, et al. EJNMMI. 2022. Prachanronarong, et al. SIR. 2021.



• Time to treatment is important
• Every patient is not the same
• Optimize your workflow and efficiency

– Traditional treatment paradigm
– Order/map/treat
– Same day map/treat
– Single session
– Repeat treatment

Summary

Y90



Thank You
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Objectives

Order-Map-Treat Strategy

FlexDose Select– What is It?

FlexDosing – How I Do It

Resin Treatment Dose Thresholds

Sphere Count

Conclusions



Order–Map–Treat

Strategy



Order-Map-Treat Strategy

• Activity can be modified, tailored on day of 
therapy, and personalized to individual patient-
specific needs 

• Same-day activity draw

Customized 
Dosing

• Order dose in advance
• Have options of higher activity/fewer spheres and 

less activity/greater spheres with pre-cal doses 
(FLEXdose Delivery Programme)

• Same-day or same-week therapy allow for 
expedited treatment 

Order-Map-
Treat Strategy

• Allow for flexibility to modify treatment planning
Time-Sensitive 

Clinical 
Situations



Order-Map-Treat Strategy:
Fast Track from Referral to Treatment



Same Day/Same Week Y90
Resin Microspheres Can Easily Be Fractionated on Day of Procedure

• Choose appropriate FlexDose Select that you desire and order prior to mapping
• Dose can be fractionated as needed following mapping procedure and can be modified on 

the day of treatment as necessary

Glass Microspheres Come In Pre-Calibrated, Sealed Vials
• Dose vials must be ordered in advance
• Must do planning for anticipated treatment volume to order proper dose vials
• Cannot be fractionated

Can Perform Dosimetry After the Mapping
• Does not require much pre-procedural planning other than ordering dose
• If doing lobar Y90 or radiation segmentectomy, can calculate tumor volume and estimate 

liver volumes before the mapping



FlexDose Select 
Delivery Program



FLEXDose Delivery Program
Flexibility to Deliver the Same Activity with More or Fewer Spheres

6DPC
7DPC



FLEXDose Delivery Program
Flexibility to Deliver the Same Activity with More or Fewer Spheres
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9.5212.34

~2.9~2.2

452 Bq 349 Bq

6-8 cm >8 cm/
Seg/lobar

Lobar4-6 cm Lobar<2 cm 2-4 cm LobarTumor Size/
Distribution

LobarSegmentectomySubsegmentectomy

54 mCi70 mCi91 mCi118 mCi153 mCi198 mCi257 mCi333 mCi



FLEXDose Delivery Program
Flexibility to Deliver the Same Activity with More or Fewer Spheres

Resin 
Y90

Glass
Y90

7-day precal Week 2 
Monday 
theraspheres

6-day precal Week 2 
Tuesday 
theraspheres



FLEXDose Delivery Program
Flexibility to Deliver the Same Activity with More or Fewer Spheres

Tumor Size (Rad Seg) Precalibration FLEXDose

<4 cm 5-7 day precalibration

4-8 cm 3-4 day precalibration

For lobar of multifocal 
bilobar disease:

• 2-day precalibration
• 1-day precalibration (if very 

large tumor or large liver)

For RAD SEG:
• 3-day to 7-day precalibration
• Varies depending on tumor 

size (see table at left)



Benefits of FLEXDose SELECT Pathways

Treating Physician For Patients
Flexibility and convenience Customized treatment

Control – control of dosing and administration Precise activity delivered

Ease of use Optimal tumor coverage

Adaptability



Dose Summary Review



Partition Model (aka 2 Compartment Model)

•Resin > 100-120 Gray
(ideally > 250 gy if unilobar)

What is 
Tumoricidal 

Dose?

•40 Gray (70 Gy if unilobar)
•Less than 30 Gy if compromised 

liver function, heavily pre-treated

What is 
threshold 

normal liver 
dose?

•30 Gy single administration
•50 Gy lifetime

What is 
threshold 

lung dose?

Chiesa A, et al. QU Mol Im 2012. Lau, et al. Int J Radiat Oncol Biol Phys. 2012;82:401. Levillain H, et al. Eur J Nucl Med Mol Imaging (online 1/21)



Dose Summary

>350-400 Gy to angiosome  à >435 Gy to tumor

Ø 180 Gy MIRD to lobe (3-day flex dose)
Ø >400 Gy to Segment and 180 Gy lobar (3-day)



What about Sphere Count?



How Many Spheres Do You Need?

Pasciak AS, et al. J Nucl Med. 2016.

• Compared to 50k spheres/ml, 
decrease in D70 were statistically 
significant below 20k spheres/ml

• Differences in microsphere 
number density may have an 
effect on the microscopic tumor 
absorbed dose inhomogeneity, 
which may explain differences in 
treatment planning between 
glass and resin y90 devices



How Many Spheres Do You Need for Curative Intent

• 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



How Many Spheres Do You Need?

Vo NH, et al. JVIR. 2025.

Methods
• Rad seg with Resin with post Y90 PET CT
• Median tumor size 3.4 cm HCC

Results
• Tumors 86% CR, 100% ORR at 6 months
• No differences between CR and incomplete 

responders in tumor size, volume, dose, or specific 
activity

• Incomplete responders had a lower D50 than CR (162 
vs 273 gray), lower particle density (36,310 vs 66,980 
particles/cm3), and higher underdosed tumor volumes

• Note: Montazeri SA, et al. showed specific activity 
>327 Bq/sphere was predictor of CR; however, in this 
study, 156 vs 158 Bq/sphere for CR vs incomplete 
response

Note: D50 is minimum absorbed dose to 50% of volume



Conclusions
FLEXDose
• Customized dosing depending on clinical situation
• For larger tumors/livers à day of calibration, 1-day or 2-day 

precalibration à I use 2-day precalibration
• For rad seg à 3-day to 7-day precalibration FLEXDose

Order Map Treat
• Allows for faster treatment
• Flexibility and ability to personalize dose to day of Y90 

Tumoricidal Dose
• Rad Seg à MIRD à > 350-400 Gy to segment
• Lobar Therapies à Partition à at least 100 Gy to tumor and limit 

normal liver dose to <30-40 Gy
• Radiation Lobectomy: >70 Gy to background liver vs 180 Gy MIRD



Thank You
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Y-90 Glass Microspheres Expedited Delivery

Flexibility ofexpedited delivery services meets the needs of evolving physician
schedules and emergent clinical situations.

Order for treatments 
within 48 hrs

Personalized dose delivered
for patient treatment



Surplus 
ordering

Normal workflow – Just in time 
manufacturing
• Map to Treat 7-10 days
• Dose made for specific patient
• Dose arrives 24-48 hrs ahead of procedure

Surplus ordering is an “abnormal” 
workflow but can be done

Typically utilized for out-of-town 
patients/last minute deliveries
• Map to Treat in 48 hrs



Orders placed by 12pm EST can ship same day for overnight 
delivery by 10:30am (local time)

Surplus stock is standard doses (3,5,7,10,15, 20 GBq)
• Surplus stock kept at 15% based on historical usage

Requested dose not guaranteed

Work directly with rep to ensure smooth process

Surplus Ordering



Pl
an
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ng
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e

CTA/MRI

Angiography/Mapping

Tc-99mMAAScan

DoseCalculation/Ordering

Treatment

• Determine lung shuntanddetect for possible extra-hepatic
depositionof Y90

• Assess vasculatureand delivery route
• Evaluateextrahepatic flow to GI tract 

(Considerembolization whereneeded)

Treatment Pathway



Standard Doses (GBq): 3, 5, 7, 10, 15 & 20

•Between 3 and 20 GBq in 0.5-GBq increments are available (approximately 400K spheres per GBq activity at calibration)

Manufacturing runs are referenced to a single calibration date (Sundays at Noon EST)

Preferably 7 days should be allowed between placing the order and treatment date 
(allows for shipment)

Glass dose vials arrive 1-2 days in advance of treatment date

Dose Options



Dose Options



Dosing Flexibility for Personalized Treatment

Activity
(± 10% GBq)

Mass of Microspheres (mg) No. of Microspheres (millions)

3 27 1.2

5 45 2.0

7 63 2.8

10 90 4.0

15 135 6.0

20 180 8.0



Dosing Flexibility for Personalized Treatment



• Will arrive 1-2 days prior to administration

Typically use surplus orders for emergent situations 
or out-of-town patients (ie, to accommodate them)

Work directly with rep for surplus dosing

Can only order “standard” doses 

Conclusion



Utility of Single Session 
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Conventional Workflow 





• Rising cost of healthcare 

• Limited resources

• Wait times for cancer care



Do we need to calculate LSF for small HCC?

Retrospective 
N=448 OPTN Stage T1/T2 HCC 
Glass-based microsphere 
Conventional 2-session mapping and treatment 
approach 

Median LSF: 3.9% (IQR 2.4–6%)
No LSF>16%
No Lung dose >14 Gy





Single-Session Workflow



Patient Selection Criteria
• OPTN Stage I/II HCC (≤5 cm, ≤3 nodules)
• No macrovascular invasion, no TIPS
• Child–Pugh A–B7, bilirubin <2, ECOG <2 
• No arterial enhancement of venous structures on 

MRI/CT or intraprocedural CT 

Patient Selection



• 4 studies 
• 2 Glass-based microspheres
• 1 Resin-based microsphere 
• 1 both Glass- and Resin-based 

microspheres  

Evidence 



Glass-Based Microsphere 



• Treatment N=9 patients (prospective)
• Control N=24 patients (retrospective)
• Time to treatment

• 14 days (IQR 12–15) vs 47 days (IQR 31–64)
• LSF

• 2.7 Gy (IQR 2.1, 3.6) vs 2.2Gy (IQR 1.0, 4.6)
• Fluoroscopy time

• 8 min (IQR 14, 19) vs 28 min (IQR 24, 43)



Glass-Based Microsphere 



• Retrospective  N=15 
• 16 consecutive procedures 

• Technical success: 88%
•  2 patients couldn’t undergo single session b/c of intraprocedural findings

• 25% required ≥2 vials for complete coverage
• Median procedure time: 86 min

• ~$7,000 saved per patient

• No radiation pneumonitis
• Complete response: 94%

Results



Resin-Based Microsphere 



• Retrospective
• Treatment N=10 pts (Resin-based microspheres)
• Control N=60 pts (Glass-based microspheres)

Results



• No radiation pneumonitis
• Complete response 90%
• No Grade 3+ AE
• Median to time Rx from IR clinic: 26.5 days vs 61 days (p<0.001)
• Procedure time: 142 vs 151 min (NS)
• Fluoroscopy time: 25 vs 23 min (NS)

Results



Cost Savings

↓41% Cost



Resin and Glass-Based Microsphere



• Retrospective, single-center, cohort study
• N = 100 consecutive patients
• Conventional N=38
• Single session N=62

• Microspheres: glass (n=84), resin (n=16)
• Serious AEs ≥ Grade 3
• Conventional: 7.9%
• Single session: 3.2%

Results



• Glass Microspheres
• CR rates:
• Conventional: 96.9%
• Single session: 90.4%

• No significant difference

Results

• Resin Microspheres
• Small numbers (n=16)
• CR rates:
• Conventional: 66.7%
• Single session: 90% 

• No significant differences



• 68-yr-old Male with history of HCV 
• Bili 0.5, ECOG 1, Child-Pugh A5 
• LR 5 
• 2.4 cm HCC 
• 28 days from consult to treatment 

Case Example 



• Angiosome volumetry by CBCT
• 5-day pre-cal Resin
• Target >300 Gy
• 2 options:

• Call nuc med to draw the dose after volumetry à wait ~30 minutes for the 
box(es) to arrive 

• Have 3 boxes pre-drawn and ready in the room 

Dosimetry

27 mci (150 cc) 36 mci (200 cc) 45 mci (250 cc)









LSF: 5.78%



Devices
• Glass-Based Microspheres 

• Deliver higher specific activity per particle with fewer particles
• Pre-ordered vials

• Resin-Based Microspheres 
• Higher particle numbers but with lower specific activity per particle 
• Flexible dosing using mother vial aliquots

• Comparable outcomes 

Glass vs Resin



FUTURE DIRECTIONS



• Single-session Y90 is safe, effective, and cost-saving

• Promising for small HCCs in selected patients

• Potential to transform access in liver cancer care

Conclusion


