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Marinelli et al. JVIR 2020



Gabr et al. Hepatology 2020

• 207 patients were bridged or downstaged to transplant, median OS 
12.5 years, 10-year survival rate =60%, & median RFS: 10-years

• Univariate Predictors of 
Ø OS: only age
Ø RFS: age and tumor necrosis
Ø Time dependent recurrence rate: tumor necrosis, AFP & tumor 

stage within Milan criteria. 
Ø Disease specific mortality rate: tumor necrosis, AFP and Milan 

criteria
• Multivariate predictors of 

Ø OS: only age
Ø RFS: age, Tumor necrosis, and AFP



Y90: Personalization Matters
DOSISPHERE-01 

• Sample TextRCT Phase II; 4 centers

Garin et al.  Lancet Gastro Hep 2020



Marinelli et a JVIR 2020

• 12 patients were treated with a TARE followed by a hepatectomy (nine
• with ≥4 segments resected). 

• Diagnoses: six HCC, four CC, one NET, one mCRC. There were no 90-day 
post-hepatectomy mortalities and the overall morbidity was 66% (16% severe 
≥MAGS 3). Hepatectomy-specific complications after hepatectomy included two 
(16%) bile leaks and no post-hepatectomy liver failures. The median recurrence 
free survival was 26 months. Overall survival at 1-year was 78% and at 3 years 
was 47%.

• Our results support the safety of hepatectomy in select patients after TARE. 
Additional comparison to patients who receive hepatectomy as a first-line treatment 
for liver cancers should be investigated.



Gabr et al. JHep 2020



Yttrium-90 Radioembolization for the Treatment of Solitary, 
Unresectable Hepatocellular Carcinoma: The LEGACY Study

Riad Salem, MD, Guy E. Johnson, MD, PharmD, Edward Kim, MD, Ahsun Riaz, MBBS, 
Vivian Bishay, MD, Eveline Boucher, MD, Kirk Fowers, PhD, Robert Lewandowski, MD, 

Siddharth A. Padia, MD

Salem et al HEPATOLOGY 2021



PI-888205-AA

Patient Characteristics 
Treated Population 

(N=162)
N (%)

Median age (range), years 66 (21-90)
≥ 18 to < 65 69 (42.6)
≥ 65 to < 75 64 (39.5)
≥ 75 29 (17.9)

Gender, male 123 (75.9)
HCC Etiology

HCV 112 (69.1)
Alcohol 48 (29.6)
NASH 23 (14.2)
HBV 15 (9.3)
Other/unknown 5 (3.1) 

ECOG Status
0 98 (60.5)
1 64 (39.5)

BCLC Status 
A 98 (60.5)
C 64 (39.5)

AFP ≥ 200 ng/mL 24 (14.8)

Treatment Characteristics 
Treated Population 

(N=162)
N (%)

Median Tumor Size (range), cm 2.6 (0.9-8.1)
Initial Y-90 Treatment Goal

Radiation segmentectomy 104 (64.2)
Radiation lobectomy 8 (5.0)
Bridge to liver transplantation 36 (22.2)
Other 1 (0.6)
Unknown 13 (8.0)

Type of Infusion
Selective 155 (95.7)
Lobar 3 (1.9)
Mixed 4 (2.5)

Absorbed dose to perfused liver volume 
(Gy), median, (IQR)

410.1 
(199.7, 797.7)

Number of TheraSphere Treatments
1 130 (80.2)
≥2 32 (19.8)

Baseline Characteristics 

Salem R et al. "3020.2: Yttrium-90 Glass Microspheres in the Treatment of Hepatocellular Carcinoma: The LEGACY Study," CIRSE 2020 Virtual Summit, September 12-15, 2020



PI-888205-AA

Best Response in Evaluable population, localized mRECIST

Primary Efficacy Outcome: Tumor Response

NOTE: Of the 162 patients in the total cohort, 45 were transplanted. Confirmed response at a 
subsequent visit >4 weeks (30 days) after the date of the first occurrence of CR or PR Salem R et al. "3020.2: Yttrium-90 Glass Microspheres in the Treatment of Hepatocellular Carcinoma: The LEGACY Study," CIRSE 2020 Virtual Summit, September 12-15, 2020



PI-888205-AA

LEGACY Results

KM Analyses



PI-888205-AA

• Post-explant tumors from 45 LEGACY patients underwent histopathology analysis
• Complete pathologic necrosis was higher in tumors treated with ≥ 400 Gy vs < 400 Gy

Gabr et al.  EJNMMI 2020 Aug 4l doi.org/10.1007/s00259-020-
04976-8

Histopathology Correlation with Absorbed Dose 

>400 Gy is the new >190 Gy!



BCLC 2021                                  Llovet et al HEP 2021

AASLD Consensus Conference 2021



Matsumoto, Salem et al CVIR 2021

• Studied MDT 2010-2013

• Looked at discordance to BCLC first-treatment recommendation

• Follow-up all patients > 8 years

• Looked at all post-progression treatmentsà Network Graph

• N=321

*

*

*
*



A patient’s treatment journey can be viewed as a 
network rather than a linear pathway 

• The size of the node is commensurate with the number of patients (N=321)
The thickness of the link is commensurate with the frequency of the interaction

Matsumoto…Salem et al. Cardiovasc Intervent Radiol 2021

Northwestern Medicine HCC treatment network graph (N=321)
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OS Comparison to Guideline Expectations

Comparing Real World, Personalized, Multidisciplinary Tumor Board Recommendations with
BCLC Algorithm: 321-Patient Analysis

Matsumoto, Salem et al CVIR 2021



Kudo et al Liver Cancer 2020

# tumors + sum of largest tumor ≤ 7 = up-to-7 criteria



Kudo et al Liver Cancer 2020

# tumors + sum of largest tumor ≤ 7 = up-to-7 criteria



-costs were $78,859 v $58,397 (difference $20,462; 95% uncertainty interval $14,444 to 
27,205) and QALYs were 0.88 v 0.87 (difference 0.02, 20.02 to 0.05) for sorafenib versus SIRT, 
respectively. The incremental cost-effectiveness ratio (ICER) of sorafenib was $1,280,224/QALY. 
The likelihood that sorafenib would be cost effective did not exceed 1%, assuming cost-
effectiveness thresholds up to $200k/QALY. If the monthly price of sorafenib decreased from 
$16,390 to below $7,000, the ICER of sorafenib fell below $200k/QALY, and an ICER , 
$100k/QALY was reached if the monthly price fell below $6,600.

CONCLUSION: Sorafenib unlikely to provide a gain in quality-adjusted survival compared with 
SIRT at an acceptable cost for the US healthcare sector. 

Only if the current price decreased by more than 50% would sorafenib be considered 
economically attractive.

Marqueen et al JCO Onc Pract 2020



Bargellini et al. JCM 2020

• During COVID, LRTs à minimally invasive tools à Y90

• present Y90 during COVID-19 pandemic and overview of the indications and 
challenges of SIRT in this scenario. 

• analyzed MDT in 2020 and compared it to 2019
•
• 27.5% ▼ patients referred to MDT, and 28.3% ▼ RFA; TACE were stable, while 

Y90 ▲ 64%. Most were HCC (75%). ORR à 56.7%; DCR à 72.2%.

• Conclusion: COVID-19 was characterized by ▲ demand for Y90
• safe, flexible, effective, with simplified workflow and personalized dosimetry
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Co-Primary Endpoints:
1. PFS

2. HPFS

Secondary Endpoints:
1. OS

2. ORR/DCR



CONSORT Diagram



Inherent challenge in device trials.
Note: 22 (10.3%) of control group received no therapy 



Primary Objective: Median PFS:
TARE: 8.0 (95% CI: 7.2-9.2)

Control: 7.2 (95% CI: 5.7-7.6)
HR=0.69, p=0.0013



Primary Objective: Median hPFS:
TARE: 9.1 (95% CI: 7.8-9.7)

Control: 7.2 (95% CI: 5.7-7.6)
HR=0.59, p<0.0001



Secondary Objective ORR/DCR:
ORR: 34.0% vs 21.1% (p=0.0019)
DCR: 79.5% vs 72.8% (p=0.626)



Secondary Objective OS:
14.0 vs 14.4 months (p=0.7229)



This is the challenge of OS in trials with CRC

Post-Progression Therapy





Median OS
TARE: 14.0 (95% CI: 11.8-15.5)

Control: 14.4 (95% CI: 12.8-16.1)
HR=1.07, p=0.72 



A Positive IR Trial!
Well-constructed
Well-executed

OS is the ONLY 
thing that matters



Trifluridine and tipiracil
HR: 0.68

Increased OS: 1.8 months
Vs. Placebo
NEJM 2015





EJNMMI 2021;48:1570-1584



76 CRC
15 NET



Surg Oncol Clin N Am 2021


