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Barcelona Clinic Liver Cancer in 1999

HCC
STAGES A - C

Okuda 1-2, PST 0-2, Child-Pugh A-B

Early stage (A)

Single

Portal pressure/bilirubin

Single or 3 nodules Ò3cm PS 0
Intermediate stage (B)
Multinodular, PS 0

3 nodules Ò3cm

Increased

Normal

Resection PEI/RF
New

Agents

No Yes No Yes

Associated diseases

Liver Transplantation*

(CLT/LDLT)

Symptomatic 

treatment

Chemoembolization/TAE

Curative Treatments Randomized controlled trials

Extrahepatic disease

Advanced stage (C) Terminal 

stage (D)Extrahepatic HCC, PS 1

Okuda 3, PST >2, Child-Pugh C

STAGES D

Bruix J et al. Hepatology. 2002;35:519-24.



BCLC Nowé

Llovet J. Nature Review. 2021.

Downstaging



Multidisciplinary Care in HCC

Byrd K et al. Seminars in Liver Disease. 2012;41:1-8.

Study Country Period No. of Patients Outcomes

Yopp et al32 USA
Pre: 2006-2010

Post: 2010-2011

Pre-: 250

Post: 105

Å Shorter time to treatment

Å Reduced stage-adjusted 

mortality

Serper et al33 USA 2008-2014

Total: 3,988

Multidisciplinary tumor 

board (MDT): 1,366 

Multidisciplinary care: 2,155

Å Increased treatment receipt

Å Reduced mortality

Chang et al31 USA
Pre: 2000-2003

Post: 2003-2006

Pre: 62

Post: 121

Å Increased treatment receipt

Å Reduced mortality

Sinn et al34 Korea
Pre: 2000-2005

Post: 2005-2013

Pre: 5,881

Post: 738
Å Reduced mortality

Agarwal40 USA
Pre: 2002-2011

Post: 2007-2011

Pre: 349

Post: 306

Å Increased treatment receipt

Å Reduced mortality

Gashin et al36 USA 2009-2010 137

Å Increased treatment receipt

Å Reduced mortality

Å Not following MDT decision 

was a negative prognostic 

factor

Duininck et al41 USA
Pre: 2009-2012

Post: 2013-2016

Pre: 70

Post: 134

Å Increased treatment receipt

Å Reduced mortality

Zhang et al30 USA 2009-2012 343

Å Alterations to imaging and 

pathology

Å Interpretation for diagnosis

Å Changes in management plan

Charriere et al35 France 2006-2013 387

Å Not following MDT decision 

was a negative prognostic 

factor



Considerations for Potential Curative 
Options: HCC

Ablation Resection Liver Transplantation 

Size: 

Å > 3 cm complete necrosis rare

Location:

Å ñHeat sinkò

Å Dome or caudate; difficult areas

Å Sub capsular lesions with increase risk 

of bleeding & seeding

Å Injury to nearby organs

Technical:

Å Difficulty to visualize under US to target 

in very cirrhotic liver

CP B/C

Presence of portal HTN

Å HVPG Ó 10 mm Hg 

(surrogates: spleen > 12 cm, 

+ EV, Platelets < 100,000 

&

Bilirubin Ó 1 mg/dl

Inadequate Future Liver 

Remnant 

Å < 40% in cirrhosis

+ Co-morbidities 

Tumor > Milan Criteria

+ Advanced age

+ Co-morbidities 

+ Significant Frailty

+ Lack of adequate social 

support

+ Psychosocial 

contraindications 

Patient choice 

5-yr. OS          50ï60%                                     50ï60%                             70ï80% Milan

Recurrence     50ï70%                                     50ï70%                             10ï15% Milan



FDA Approves TheraShere Y-90 Glass Microspheres for HCC
March 18, 2021  Gina Mauro

Å Aim: ORR & DoR

ï Local mRECIST : BICR

Å Y90: 2014-2017

Å Eligibility:

ï Unresectable solitaryHCC Ò 8 cm

ï CP A

ï BCLC A or BCLC C (PS 1)

ï ECOG 0-1 

60.5% ECOG 0 Median age: 66

Median tumor = 2.7 cm (1-8) BCLC A: 60.5%

Neoadjuvant therapy: 21.0%: LT 

6.8% resection
BCLC C: 39.5%

3 yr OS 86.6% (entire cohort)
3 yr OS post LT/LR  

(n = 45) 93%

LEGACY Study: Multi-center, single arm, retrospective study; N= 162   

Salem R et al. Hepatology 2021 In Press

Localized mRECIST

N (%)

Objective Response Rates, confirmed 

response n (%) [95% Confidence Interval]
117 (72.2%) [64.9%, 78.5%]

Objective Response Rates, best 

response n (%) [95% Confidence Interval]
143 (88.3%) [82.4%, 92.4%]

Best Overall Response

Complete Response (CR) 136 (84%)

Partial Response (PR) 7 (4.3%)

Stable Disease (SD) 0

Progressive Disease (PD) 0

Not evaluable 19 (11.7%)

No imaging assessments 

post Day 46
5 (3.1%)

No imaging assessments 

post Day 46 due to liver 

transplant or resection

9 (5.6%)

Other reasons 5 (3.1%)

Duration of Response* in months, 

mean (SD), median
15.1 (11.2), 11.8

Duration of Response* Ó6 80 (76.1%) [67.6%, 82.9%]



Solitary HCC < 5 cm 

Å NOT amenable to ablation

Å CP A 

Å Target dose > 190 Gy: 

ñablativeò doses to HCC

Survival rates with RS 

compared to other 

curative therapies

Radiation Segmentectomy (N=70)

Lewandowski RJ et al. Radiology. 2018;287(3):1050-58.

Overall Survival

Overall 

Survival 

Rate

Ò3cm 

(n=45)

>3cm

(n=25)

All Ò5cm 

(n=70)

1 y 100 96 98

3 y 82 46 66

5 y 75 37 57

Note ïData are percentages

Conclusion: RS provides response 

rates, tumor control, and survival 

outcomes comparable to curative-

intent treatments for selected patients 

with early-stage HCC who have 

preserved liver function.



Y90 Radiation Segmentectomy vs. 
SBRT for HCC NCT04235660

Inclusion Criteria:

Å Ability to provide written informed consent and HIPAA 

authorization

Å Stated willingness to comply with all study procedures 

and availability for the duration of the study

Å Male or female, aged Ó 18 years at time of informed 

consent

Å Solitary HCC (Ò3 cm) diagnosed by imaging (LI-

RADS 4-5) or histology

Å Childs-Pugh score Ò 7

Å ECOG performance status 0-1

Å Tumor location/characteristics eligible for either SBRT or 

Y90 therapy as deemed by local tumor board

Å Adequate organ function defined as:

ï Serum bilirubin < 4.0 mg/dl ,

ï Albumin > 2 g/dl

Exclusion Criteria:

Å Any prior locoregional therapy to the target tumor

Å Any prior radiation therapy to the liver

Å Pregnancy or lactation: Women of childbearing potential 

must have a negative pregnancy test within 14 days of 

protocol registration. Women are considered to have 

childbearing potential (regardless of sexual orientation, 

having undergone a tubal ligation, or remaining celibate 

by choice) unless they meet one of the following criteria:

i. Has undergone a hysterectomy or bilateral 

oophorectomy; or 

ii. Has been naturally amenorrheic for at least 24 

consecutive months

Å Known severe allergic reaction (anaphylaxis) to 

iodinated contrast

Å Coagulopathy (platelets < 50 K/mm3 and/or INR > 2) not 

correctable by transfusion

Å Macrovascular invasion or extrahepatic HCC

1° Endpoint: Feasibility of Recruitment 



Author, year N Design Intervention Outcomes

Early/Intermediate Stage HCC

Wahl et al, 2016 (20)
83 patients underwent SBRT and

161 patients underwent RFA

Retrospective cohort 

study
SBRT vs RFA

Freedom from local progression:

1-year: SBRT: 97.4%; RFA: 83.6% 

2-year: SBRT: 83.8%; RFA: 80.2%

2-year OS:

RFA: 53%

SBRT: 46%

Kim et al, 2019 (21)
105 patients underwent SBRT and 668 

patients underwent RFA

Retrospective cohort 

study
SBRT vs RFA

Freedom from local progression (propensity matched): 

2-year: SBRT: 74.9%; RFA: 64.9%

Sapir et al, 2018 (22)
114 patients underwent SBRT and 209 

patients underwent TACE

Retrospective cohort 

study
SBRT vs TACE

Freedom from local progression:

1-year: SBRT: 97%; TACE: 47%% 

2-year: SBRT: 91%; TACE: 23%

OS: SBRT: 34.9%; TACE: 54.9%; No significant difference in 

adjusted analysis (p=0.21)

Sapisochin et al, 2017 (23)
Patients listed for liver transplantation:

36 patients underwent SBRT; 99 patients 

underwent TACE; 244 patients underwent RFA

Retrospective cohort 

study
SBRT vs TACE/RFA

Waitlist dropout:

SBRT:16.7%; TACE: 20.2%; RFA: 16.8%

5-year survival from listing:

SBRT: 61%; TACE: 56%; RFA: 61%

Jackson et al, 2020 (19)

80 patients with CP B cirrhosis underwent 

adaptive SBRT dosing tailored to liver function 

during therapy

Prospective cohort 

study
SBRT (single arm)

Freedom from local progression: 1-year: 92%

24% experienced radiation induced liver decompensation

within 6 months

Advanced Stage HCC

Yoon et al, 2018 (25)

90 patients with BCLC C HCC without 

extrahepatic metastases: 45 assigned to 

TACE+SBRT and 45 assigned to sorafenib

Randomized 

control trial
TACE+SBRT vs Sorafenib

Time to progression: TACE+SBRT: 31.0 weeks; z

Sorafenib: 11.7 weeks

OS: TACE+SBRT: 55.0 weeks; Sorafenib: 43.0 weeks 

Courtesy of Dr. Parikh.



Radiation Lobectomy + Resection
ñAtrophy-hypertrophy complexò

Å Lobar Y90 to right lobe tumor: 

ς Treatment of tumor

ς Atrophy of the right lobe with controlled diversion of PV 

flow to the left  

Å Hypertrophy of the future liver remnant (FLR)

ς Within 1 month post Y90

ς Degree of hypertrophy Ŭwith time lapsed 

ς Median FLR     45% from baseline at 9 mo. 

Å Systemic review 7 studies Y90 (retrospective)

ς FLR hypertrophy: 26-47% after 44 d- 9 mo. 

43% hypertrophy

Vouche M et al. J Hepatology. 2013;59:1029-36; Theysohn JM et al. Clinical Radiology. 2014;69: 172-78; 

Teo JY et al. HPB. 2016;18:7-12. 



Outcomes of Surgical Resection After 
Radioembolization for Hepatocellular Carcinoma

Å Single center, retrospective

Å Glass microspheres

Å 2011 - 2016 

Median time Y90 to resection = 2.9 mo.

Increase 

baseline

FRL:          35-45% (23% hypertrophy)                 32 ï34% (9% hypertrophy)

96%, 96%, and 86% at 1, 2, and 3

yrs. Post resection 

BCLC A: 77%

BCLC B: 13%

BCLC C:10%
29% Recurrence

@ median time of 34 mo.

23% < 50% necrosis

32%: 50-99% necrosis

45%: 100% necrosis 

RR 4.8 (95% CI, 1.2ï9.7)

RR 0.2 (95% CI, 0.05ï0.8 

Median F/U 13 mo. (8 -22)

Å 1 patient grade 3 bilirubin toxicity within 30 d of Y90

Å 5 patients Ó 3 Clavien AE post resection; 4 biliary leak, 1 pleural effusion 

Ahmed Gabr, MD, Nadine Abouchaleh, BA, Rehan Ali, MD, Talia Baker, MD, Juan Caicedo, MD, Nitin Katariya, MD, Michael Abecassis, MD, 

Ahsun Riaz, MD, Robert J. Lewandowski, MD, and Riad Salem, MD, MBA. JVIR. 2018;29:1502-10.



Resection in CP B? 

Å Barcelona Criteria: CP A single lesion

ï Hepatic venous pressure gradient (HVPG) < 10 mm 

Hg best predictor of postoperative liver failure  

Å Surrogates markers for portal HTN:

ï + EV

ï Platelets < 100,000 mm3 

ï Spleen > 12 cm

Å Bilirubin < 1.0 mg/dL & HPVG < 10 predictors 

of OS

Å Retrospective study, 14 centers: N = 253 CP B 

(70%  B7)

ï 59.9% + portal HTN

ï 43.5% + ascites

ï 84.6% minor resection 

ï 48.2% minimally invasive surgery (MIS)

Å Outcomes: 

ï 4.3% 90 d mortality 

ï 42.7% developed post- op complications

ï Minor resection & MIS: improved outcomes

ï Major vs. minor resection

Å 90-day mortality (10.3 vs. 3.3%; p = 0.04) 

Å Morbidity rate (69.2% vs. 37.9%; p <0.001)

ï Open vs. MIS surgery

Å Morbidity (52.7% vs. 31.9%; p = 0.001), 

ï 5- yr. OS = 47%

ï Recurrence rate = 56.9% 

Berardi et al. Journal of Hepatol. 2020;72:75-84.

Liver resection should be considered for patients with HCC 

and CP-B cirrhosis after careful selection 



Prediction Model for Resection in CP B 

Berardi et al. Journal of Hepatol. 2020;72:75-84.



Transplant survival Benefit = 

Post LT life expectancy ïwait list life expectancy  

HCC recurrence decreases 

expected survival post OLT and 

decrease benefit of OLT 

Anticipated prolonged survival post HCC 

therapy & compensated cirrhosis, 

decreases benefit of OLT

Liver Transplant

LOW risk of drop out:  

Single lesion 2-3 cm

AFP < 20 ng/mL 

CP A

MELD- NA < 15



Metroticket 2.0 Model: 
Expansion Beyond Milan 

Tumor  Size & Number AFP ng/mL

Up to 7 <200

Up to 5 200-400

Up to 4 400-1000

To have a 70% chance of HCC-specific 5 yr post OLT OS   

HCC-related death & death for other then HCC

N=1018 OLT:

01/00 ï12/13

5 YR OS 78% , 10 YR OS 68%

Largest lesion + # of lesions Ò 7

Mazzaferro V et al. Gastro. 2018;154:128-39.



RCT: LT vs. No LT in Downstaged HCC

Transplantation group

A

B

Control group

HR 0.20 (95% CI 0.07-0.57); p=0.003

Number at risk

(number censored)

Transplantation group

Control group

23 (0)            20 (1)  18 (2)            16 (2)   15 (3)

22 (0)            14 (1)    6 (2)              3 (2)     3 (2)

Number at risk

(number censored)

Transplantation group

Control group

23 (0)            20 (0)  18 (1)            18 (1)   16 (2)

22 (0)            21 (0)  15 (0)              9 (0)    9 (0)

0           12                      24           36  48

0

20

40

60

80

HR 0.32 (95% CI 0.11-0.92); p=0.035

0           12                      24           36  48

Time since randomisation (months)

0

20

40

60

80

100

100

BCLC B
5-yr. estimated post-LT OS 

of at least 50% at first 

presentation, according to 

the Metroticket Calculator.

CP A-B7

3 mo. observation after DS

RFS

OS

Mazzaferro V et al. Lancet. 2020;21:947-56.



TACE

TACE Refractoriness

Å Lack of tumor control (> 50% viable lesion) after 

Ó 2 TACE

Å Development of new tumors after Ó 2 

consecutive TACE

Å Continuous elevation in tumor markers

Å Development of vascular invasion or 

extrahepatic spread 

A. Conditions that easily become refractory to 

TACE:

ï Beyond up-to-seven criteria

B. Conditions in which TACE causes deterioration of 

liver function to Child-Pugh class B:

ï Beyond  up-to-seven criteria

ï ALBI grade 2

C. Conditions that are unlikely to respond to TACE 

(TACE-resistant tumor):

ï Simple nodular type tumor with extranodular

growth

ï Confluent multinodular type tumor

ï Massive type tumor

ï Poorly differentiated HCC

ï Intrahepatic multifocal metastasis

ï Sarcomatous change cause by TACE

ñUnsuitableò

Kudo M et al. Liver Cancer. 2019;8:299-11.


