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Liver : Anatomy



HCC: Treatment principle 

HCC: 3rd M/c cancer

Surgery

Transplant

Popcorn effect: background of Cirrhosis

Gold standard
5 yr OS – 70%

MELD / Milan criteria

Only 20% fit for surgery

Transplant candidate 

Locoregional / ablation 
candidate 



HCC: Treatment 

 HCC: 3rd M/c cancer

 Surgery 

 Resection: 85% recurrence

 Limited availability of donor organs up to 20-40 % dropouts 

 Need for alternative non surgical management 

 advanced HCC  progressive disease while on a waitlist 

 Solution: local therapy as “bridge”  until a donor organ is available

 Traditionally : RFA and TACE   neoadjuvant/ downstaging

 However- RFA usable < 40% of cases –not for >5 cm/ close to vessels 

 TACE better, although  only results in a 65% LC @ 1 yr

Operable In-operable

Liver Transplant
Gold standard
5 yr OS – 70%

MELD / Milan criteria

Only 20% fit for surgery

Radiofrequency 
Ablation

Percutaneous 
Ethanol Ablation

Transarterial
Chemoembolization

Resection/ 
Partial Hepatectomy

Cryo-ablation 

Systemic 
Chemotherapy

Radio-embolization

Radiation Therapy



BCLC staging: Treatment decision
AASLD:

• In cirrhotics - Locoregional treatment 
better than no treatment

• No specific locoregional Rx preferred 

• CP A or B < 3 cm / HCCs < 2 cm / 
BCLC 0 / A  - Ablation may be 1st line

• TACE – 1st line for unresectable / 
large/multifocal no PVTT or extra 
hepatic disease (BCLC B) 

• SIRT – alternative for unresectable HCC 
– safe / may not have OS benefit 

• subgroup of patients benefitting from 
SIRT remains to be defined.





HCC - proposed modern management – systemic approach 





Liver – Radiotherapy - ? ineffective

External Beam Radiation Therapy (EBRT): 
 palliative modality by 1980s - 1990s

 Deemed ineffective for liver tumors in past

 Liver considered radio resistant

Fear of RILD – Radiation induced liver disease

Poor tolerance of whole liver radiation & Lack of knowledge of partial liver radiation

Unavailability of modern radiation techniques for delivery

No motion management techniques

 Lack of faith in effectiveness of radiation and No concept of multi disciplinary approach 



Initial Experience of Radiation therapy in liver



RT – Historical Perspective

Limited Role in past: 

• Hepatocyte – well differentiated cell with low repair capacity (α/β = 1.5)

• Whole liver tolerance @ conventional fractionation 25 Gy (5% RILD) & 35 Gy (50%)

• Non conventional # tolerances (whole liver) : 21-24 Gy @ 3 Gy/ fr; 24 Gy @ 2.5 and 30 Gy @ 1.5 Gy/ fr

• Whole liver radiation

• Borgelt (IJROBP, 1983) – palliation (Ascites, anorexia, pain,etc)

• Russell (IJROBP, 1993) - Dose escalation 27Gy →30Gy →33Gy (toxicity beyond 33 Gy) 

• RTOG 8405 – dose escalation study with hyperfractionation

• 1.5 Gy BD for 27, 30 and 33 Gy - could not exceed 36 Gy



Initiating the liver SBRT program – RILD dilemma 

Literature support for Radiation safety 
 The Indiana University - step-wise dose escalation 

safety

 36 Gy in 3 fractions in 2 Gy/fraction step increases 

 Child-Pugh (CP)-A cohort,  escalate to 48 Gy in 3 
fractions without any dose limiting toxicity (DLT) - > 
grade 3 CTC toxicity 

 CP-B - developed DLT  instituted more protracted 
 40 Gy in 5 # 

recommendations of differential dosing based on CP 
score (CP < B8) 700 cc of normal liver < 15 Gy 
RILD unlikely 

 The University of Toronto - Radiobiologically-guided 
partial volume dose escalation program 

 24–54 Gy in 6 fractions daily

 Normal liver > 700 cc spared 

 Few cases of transaminitis (similar episodes before 
RT also / minimal decline in CP scores)

Safety of partial liver RT safely studies in multiple 
centres – careful dose selection by CP score and 
normal liver sparing

RT contraindicated in past

RILD risk

? tumoricidal dose delivery
RILD

• transaminase or ALP > x 2.5-5 times

• Sr Bil - > x 1.5 -3 times 

• non-malignant ascites in the absence of disease progression

Hallmark - Small venous obstruction - Central venous 
congestion and collagen deposition without inflammation

Rx: diuretics, paracentesis, and vitamin K

Radiation hepatitis of past



Modern Radiotherapy:
Overcoming challenges of past 



HCC - RT

Pitfalls of past Solutions

Radiation Induced Liver 
disease (RILD)

Data on partial liver tolerances

Image Guided Radiotherapy (IGRT) and Stereotactic Body 
Radiotherapy (SBRT)

Target Delineation
Volumetric & Triple phase CECT, PET-CT, MRI

Image fusion tools

Respiratory motion 
induced / Set-up
uncertainties

ABC, Respiratory Gating (RPM), tracking (Cyberknife)

Newer Immobilization devices/ 4D imaging

Uncertainties in dose 
distribution

Advanced Treatment machines/ Equipments

Better planning software / dose engines



Exploring into depth of Liver RT : partial volume & functional 
liver 



Dawson L. Semin Radiat Oncol 2011;21:241-246

Redefined role of RT in HCC



*Dawson, Seminars in Rad Onc, 2005 Whole liver
TD 5/5:  30Gy/15 fx
TD 50/5:  42Gy/21 fx
2/3 Liver TD5/5:  50.4Gy/28fx
1/3 Liver    TD5/5:  68.4Gy/38fx

• Austin – Seymour :

– 1st quantitative anlysis of RILD as a function of dose –
volume

– Dose > 35 Gy limited to 30 % liver

• Emami et al

– TD 5/5 – 50 Gy, 35 Gy, 30 Gy (1/3, 2/3 or whole)

– TD 50/5 – 55, 45 or 40 Gy

 U. of Michigan – Dawson, 2002
 Use of conformality for partial liver treatments

 Response rates 50-70%
 No RILD (Radiation Induced Liver Disease) with mean liver dose 

<31 Gy
 RILD depends on volume of liver receiving radiation

Partial liver tolerance: effective & safe



Indocyanine Green - ICG: assessing liver function 
for dose selection in RT-HCC 

ICG retention (dose- Gy)

Nontumour part of 
liver

<10% 10.1%- 20% 20.1%- 30%

<1/3 40 No RT No RT

1/3 – ½ 50 40 No RT

>1/2 60 50 40

Rusthoven et al, JCO [2009]

SBRT – local ablative therapies

Learning from surgical experience



Functioning normal liver sparing

FDG galactose based functional liver



Key to modern Liver RT success:
Adequate normal liver / minimize irradiated liver - RILD

*Dawson, Seminars in Rad 
Onc, 2005

Whole liver
TD 5/5:  30Gy/15 fx
TD 50/5:  42Gy/21 fx
2/3 Liver TD5/5:  
50.4Gy/28fx
1/3 Liver    TD5/5:  
68.4Gy/38fx

IJROBP 2002

• Base line normal liver > 700 cc
• Liver volumetry from triple phase
• Fibroscan – assess cirrhotic 

component
• FDG galactose scan (research)
• ICG studies

• Case selection
• safe anatomy / safe functions

• Technical improvement 
• SBRT 
• Motion management
• Targeting – surrogate fiducials



HCC Treatment in guidelines



Difference in Guidelines for VI : West Vs East

West: Europe & Americas Vs East
 follow BCLC
Hep C more common
BCLC C  sorafenib alone

East  Hep B common
Better liver functions
Surgery feasible and better
Hep B progress faster / worse outcome 

on sorafenib



Liver SBRT: Re-defining the role of RT

 SBRT  Liver : highly precise Image Guided therapy

 4D target definition 

 Accurate patient positioning

 Multiple beams

Allowing for

 Steep dose gradients

 Hypofractionation



SBRT in HCC



nodular massive with intrahepatic metastasis

diffuse vascular invasion

Park et al. Oncology 2011

Sub-classification of Locally advanced HCC

PVTT HCC



CRT SBRT Proton Brachy Yttrium-90

<3 cm ++++ ++++ ++++ ++++ +++

3-6 cm +++ ++++ ++++ ++++ ++

6-10 cm +++ +++ +++ ++ +

>10 cm ++ ++ +++ + +

Diffuse 0 0 0 0 ++

High bleeding risk ++ ++ ++ 0 0

Child-Pugh B ++ + +++ + +

Vascular invasion +++ +++ +++ + +

Caudate lobe +++ ++ +++ + ++

Target <1 cm from GI tissues # ++ + +++ ++ ++

Eligibility Criteria for Different Radiation Techniques 

*Proton, protons or any other charged practical therapy.
# GI tissues, luminal gastrointestinal tissue (eg, stomach, duodenum)
Abbreviations : CRT stereotactic radiation  therapy; brachy, Brachytherapy; Yttrium-90 hepatic arterial Yttrium-90  



RT for HCC  - possible case profile / indications

• Bridge to transplant
• Down staging / Pre-op
• ? Post op Operable

• Medically inoperable or unfit for ablative Rx
• Down staging
• Unfit for RFA  (exophytic/ capsular/ heat sink/ > 3-5 cm 

Borderline/ 
inoperable

• Alternative or combination (TACE/ Sorafenib)
• With PVTT – combination (TARE)Inoperable

• Post TACE/ TARE residual / recurrence
• Post surgery – limited recurrence
• Palliation of mets / pain reliefSalvage/ Palliative

HCC-PVTT irradiation: A neo-adjuvant route to transplant



SBRT selection : Suitable Vs more challenging

Suitable

1. Liver confined disease

2. Non diffuse focal lesions (< 3-5)

3. Small < 6- 8 cm diameter

4. GC / function adequate – CP A/B

5. No / Minimal  underlying hepatitis/ cirrhosis

6. > 700 -1000 cc un-involved liver

7. Breathing motion < 5 -10 mm

8. Away from lumen - bowel/ stomach

9. Not suitable for other Rx

More challenging

1. Underlying hepatitis/ cirrhosis (CP B +/ C)

2. Post viral hepatitis/ deranged liver f/n

3. < 700 cc uninvolved liver

4. > 1 lesions – same lobe/ segment 

5. > 8 cm lesion

6. 5-30 mm breathing motion

7. Proximity to OARs

8. PVTT – scheduling combinations



Problems with respiratory movement: Organ Hit & Tumor miss 



Modern age Radiotherapy 

Paradigm shift from conventional to conformal Radiotherapy

Treatment Volume 

Irradiated Volume 

Target Volume 

Treated Volume 

Irradiated Volume 

PTV  

CTV  

GTV  

Treated Volume 

Irradiated Volume 

PTV  

CTV  

GTV  

ITV  

(a) ICRU 29 (b) ICRU 50 (c) ICRU 62 

Role of newer 
modalities



Motion management

 Five main strategies are currently used :

 integration of motion: (geometrical or dosimetric) 

4DCT- acquisition of anatomical data specific to a respiratory phase

Motion dampening:

 forced shallow breathing with abdominal compression : Karolinska hospital  good for motion > 5 mm

 breath-hold techniques (active or voluntary) : ABC (active breathing control, Elekta, proposed by 
MSKCC)

Motion tracking:

 respiratory gating techniques : RPM [real time position management, Varian, 2000]

 tracking techniques : involves real time localization + beam adaptation



Respiratory motion management: Breath dampening/ 
Holding

Change breathing pattern 
and not hold breathing 



Respiratory motion management: Breath Holding

Free Breathing
Breath-Hold



Respiratory motion management: Gating 



Synchrony® Respiratory Tracking System



Literature review: RT in HCC / PVTT – growing evidence



[2014]

[Prospective studies]



SBRT in HCC

nodular intrahepatic metastasis

diffu
se

vascular 
invasion



Liver SBRT Role
2011



SBRT - Cyberknife

2013



Bridge: available literature

 Scarce data  in past  thought to induce local fibrosis/ vascular damages  (i) theoretical dissection 
difficulties (ii) anastomosis-related complications (iii) increased perioperative morbidity

 PMH series: Sandroussi C, Dawson LA, et al 2010

 10 patients - refractory to or ineligible for other therapies  3D-CRT as a bridge to OLT

 Median dose- 33 Gy (range:8.5–54 Gy)/ 1–6 fractions 100% local control & 10%-50% volume regression 

 5 OLT  treatment effect with 40%–90% necrosis and fibrosis / All without recurrence @ 14 months 

 Mount Sinai University : Facciuto ME et at 2012

 27 patients  treated with SBRT (26–36 Gy in 2–4 fr) CR in 14%, PR in 23%, and SD in 63%

 Baylor Medical Center: O’Connor et al. 2012  27% pathologic CR 

 3D-CRT and SBRT: safe and effective to bridge selected patients with advanced HCC 



SBRT as bridge –Pittsburgh group

 27 HCC with cirrhosis  SBRT with intent for OLT [since 2010 @ Allegheny Health Network

 19 - within Milan bridge to transplantation & 8 - outside of Milan  downsized to Milan criteria and listed for liver 
transplant

 Child's B cirrhosis - 18, while Child's A – 9. No Child's C : No serious complications post SBRT / no hepatic decompensation

 Bridge-to-transplant:

 18/19 (95%) pts - successfully controlled with SBRT 

 1 - HCC progression in the non-treated portion of liver at 9 months

 13/19 (68%) underwent liver transplant at 1-23 mth post SBRT

 5 are still listed – without evidence of recurrence

 No recurrence post-transplant in 13 pts @ 3 mth - 4.5 yrs

 Pathology: 13/13 reduction of tumor & 7/13 with no residual

 Down-sized group: 

 8/8 were successfully down-sized to within Milan Criteria

 3 - HCC recurrence outside of treatment area

 3- liver transplantation / 2 awaiting 

Overall success in bridge-to-transplant was 95% and down-sizing was 63%.

Tumor response to SBRT was 100% and local tumor control was 100%. 



SHORT: 
SBRT bridge to 
transplant

2011

50 Gy in 10 fr



RT as Bridge: safety & selection

OLT eligibility:
AFP score ≤2 – low risk of recurrence

Bridging therapies 
• AFP score ≤2 [maximize chance to stay on 

the waiting list] 
• >2 with potentially controllable disease 

reassessed for eligibility according to 
treatment response

3DCRT as bridge 
• large HCC (>4 cm) 
• HCC located close to great vessels or main 

bile ducts, which were deemed unsuitable for 
RFA or TACE alone



SBRT Vs TACE or RFA : 2017



Comparison:
SBRT vs others





2021

SBRT scores :
LC @ 1 yr
Dropouts @ 1 & 3 yrs
Pathological response



2020



HCC with PVTT



Untreated Poor prognosis : median survival – 6-9 mths (early)/ 1-3 mths advanced)

PVTT – 10-40% (at diagnosis) – further complicate

Cheung TK, Lai CL, Wong BC, Fung J, Yuen MF. Clinical features, biochemical parameters, and virological profiles of  patients with 
hepatocellular carcinoma in Hong Kong. Aliment Pharmacol Ther2006; 24: 573-583 
Minagawa M,  Makuuchi M.  Treatment  of  hepatocellular carcinoma accompanied by portal vein tumor thrombus. World J 
Gastroenterol2006; 12: 7561-7567

Presence of PVTT:

• outside MILAN- BCLC C- No transplant

• Standard therapies (TACE) – challenging

• Increased risk of : complications

• Poor prognosis

• Median survival: 2.7 months (PVTT+) Vs 10-24 months [No PVTT] 

HCC & PVTT



Bland Vs Malignant Thrombus

 Bland thrombus  - in patients with/ or without malignant disease - 4.5%–26% of CLD & 42% of 
HCC. 

 Both can be coexistent : detection is crucial

 Reference standard: histopathologic examination  However in clinical practice radiology is 
relied upon

 Shah et al : criteria for Malignant (any criteria met) Vs Bland (none are met) 

 Expansion of the involved vessel 

vessel diameter ≥1.8 cm (MPV); ≥1.6 cm (RPV’;  ≥1.8 cm (LPV)

disproportionate enlargement as compared to non-affected same-order portal vein branches 
in the same lobe

 Enhancement on dynamic contrast enhanced CT and MR

arterial phase - enhancement on the contrast-enhanced images when compared with 
baseline images (≥20 HU on CT and ≥15% on MR images)



PVTT - radiology

Bland Malignant 

arterial

venous



PVTT: Diagnosis

Liver Imaging Reporting and Data System (LiRADs v14)  

Enhancement similar to primary HCC

Not diagnostic but features to alert:
occluded vein with expanded lumen, or ill-defined walls, or restricted diffusion on diffusion-

weighted MRI sequences, or contiguous with typical HCC lesion

obscured, partially visualized vein

heterogeneous enhancement of vein  

Non-tumoral thrombus does not enhance or expand the lumen

 If standard imaging is controversial  Contrast-enhanced  Ultrasound or PET-CT 
contrast or Biopsy



PET +  CT

HCC: arterial enhancement

PVTT: Filling defect



PVTT: 

PVTT mechanism:

Majority around primary HCC – aPVTT direct invasion, hepatic AV fistula & PV 
countercurrent

Many potential biomarkers studied to predict micro PVTT 

AFP

MiRNAs

DCP (de-gamma-corboxy prothrombin)]

− > 101 mAu/ ml DCP, > 3.6 cm dia HCC, SUVmax > 4.2 – 100% sensitive and 90.9% specific [Shirabe K 
et al, 2014]



Is All PVTT the same?

 Liver Cancer Study Group of Japan:

 PVTT into 4 classes 

 Vp1 is defined by the presence of a PVTT distal to, but 
not in, the second-order branches of the portal vein

 Vp2 is defined by the presence of a PVTT in the 
second-order branches of the portal vein

 Vp3 is defined by the presence of a PVTT in the first-
order branches of the portal vein

 Vp4 is defined by the presence of a PVTT in the main 
trunk of the portal vein or a contralateral portal vein 
branch or both 

 HVTT in 3 categories: 

 tumor thrombosis in a peripheral hepatic vein (pHVTT
or Vv1)

 in a major hepatic vein (mHVTT or Vv2

 in the inferior vena cava (IVCTT or Vv3)



Guidelines for HCC-PVTT

BCLC – Stage C :
Recommends - Sorafenib

Forner A, Reig ME, de Lope CR, Bruix J. Current strategy for staging and treatment: the BCLC update and 
future prospects. Semin Liver Dis 2010; 30: 61-74

AASLD and EASL:

 TARE – recognized as effective by AASLD but not specifically recommended

EASL – discourage TACE and state safety of TARE – but not recommended
Bruix J, Sherman M. Management of hepatocellular carcinoma: an update. Hepatology2011; 53: 1020-1022 European 
Association For The Study Of The Liver; European 

Organisation For Research And Treatment Of Cancer. EASLEORTC clinical practice guidelines: management of 
hepatocellular carcinoma. J Hepatol 2012; 56: 908-943

NCCN – 2015:

Sorafenib / locoregional therapies – indicated

Arterially directed therapies – relatively contraindicated



PVTT : significance

 Ineligible for many standard Rx 
(Sx/ PEI/ RFA (specially hilar/ 
major PV)

 Poor prognosis: Untreated  MST 
- only 2–4 months

 Limited treatment option: 
exploration of liver directed RT +/-
TACE

 Transplant – C/I – outside Milan

 TACE: ? Limited efficacy
never demonstrated in RCT 

: limitation - treatment 
related ischemic injury/ risk of 
liver failure 

Transplant: Contraindicated

Resection: Controversial

RFA: unsafe/ less effective

TACE: embolic effect –
induces hepatic necrosis



HCC – PVTT: Limited treatment options



Management of PVTT as per location

 Although considered inoperable/ attempted R0 & R1 resection – moderate outcomes

 However in Vp3-4 outcomes have not improved over time  most important scope for 
non operative modalities – WHERE SBRT CAN SCORE

Hyun Young Woo, Clinical and Molecular Hepatology 2015;21:115-121



TACE & TARE

 TACE : M/C - unresectable HCC

 Usually contraindicated in Vp4 or Vp3 : fear of hepatic ischemia by embolizing compromised liver vasculature/ 
acute failure

 1997- Lee et al: super selective TACE – owing to collateral circulation

 Overall – viable option for selected:

 Non occlusive thrombus

 With normal preserved liver function

 Lesser tumor burden - <70% of the entire liver

 MPV not completely blocked, or it is completely blocked but collaterals have formed

 TARE: New therapeutic modality

 Effective dose may vary from 100 Gy to 3000 Gy

 weaker embolic effect  use in PVTT 

 Alternative or superior to TACE in unresectable – diffuse/ multifocal

 Need prior mapping – rule out lung shunt/ mesenteric anomalous branching



HCC with PVTT

 Benefits of controlling PVT by SBRT in HCC:

 Reduction in intrahepatic metastasis
through portal vein

 Decrease in portal pressure & related
complications

 Possibility of re-canalization with
feasibility of transplant/ TACE



Radiation in HCC – PVTT:
Literature review



PVTT-RT : evidence

 Takagi et al. 1989/ 1994: 1st use of PVTT –RT 
[2/7 cases: histologic & angiographic 
response]

 Lin CS et al, 2006: Taiwan  71% rate of 
partial venous recanalization after FSRT / 
3D-CRT in 16 cases

 University of Tsukuba, Japan: MST - 22 mth & 
local PFS 21 mths

 Xi et al, 2013 : SBRT – median 36 Gy (range: 
30-48) in 6 fr CR,PR,SD,PD of 36%, 
39%,17%, and 7%

 Bujold et al, 2013: largest SBRT series (56 
cases) – median dose of 36 Gy (range: 24–54 
Gy) in six fr  1-year OS - 44% and MST -
10.6 months



Radiotherapy: HCC-PVTT

As early as 1994: Chen at al 

Later major reports only after 2000

2005 - 2009



SE ASIAN data – very promising
2006 - 2013



RT- HCC + PVTT

RT PVTT alone 



RT in PVTT as neo-adjuvant: possible candidates for Sx

Benefits:

Compensatory enlargement of non irradiated liver – increases reserve

Neoadjuvant role / or as part of multi modality therapy: compensatory hypertrophy and 
reducing venous occlusion  Sx or TACE feasible 

Yeh et al 2015  downsized tumor/ hypertrophied C/L lobe [Yeh et al, 2015]

Child Pugh A / Unilobar

Unilateral PVTT MPV or C/L PVTT < 2 cm of confluence

Remnant liver > 40% liver or 1% body weight

 ICG retention @ 15 min < 15%

P/c- > 100,000/ mcl



PVTT downstaging  Transplant feasible

JCO 2019



PVTT: Multi modality treatment



Combination therapy

TACE alone when used in advanced HCC, has limited effects on PVTT. 

Local radiotherapy + TACE more beneficial: RT for PVTT & TACE/ TARE for 
liver 

Large HCCs: with TACE alone  rarely achieve complete remission. 

 combination of systemic chemotherapy and TACE : 

more beneficial than conservative treatment alone 

median survival, 8.7 months vs. 3.5 months, respectively





Multi modality: TACE + RT

TACE + RT : strategies
Sequential: RT (PVTT) + TACE 

(HCC)
TACE less effective for PVTT

Planned consolidation - RT for 
TACE residual
Targets peripheral residual cells- due 

to collateral supply or recanalization

Salvage: RT or TACE upfront –
other as salvage for recurrence  

2016



Treatment response

101 cases

Group A: SBRT f/b TACE
Group B: TACE f/b SBRT
Group C: SBRT alone



SBRT and TACE
2013



RT and Sorafenib



Multimodality treatment: The way to go 

*Krishnan, Annals of Surgical Oncolgy, 
2008

1993 - 2006



SBRT Practice patterns



Response evaluation

RECIST / EASL – diff in criterias
Liver Imaging Reporting and Data System (LI-RADS)

Focal normal liver reaction:
• volume reduction of 18% (13–33%) @ 2–6 months post SBRT
• Normal reaction - Unrelated to RILD
• Compensatory hypertrophy subsequently

• 7-10 HU decrease in CT density  (irradiated Vs non irradiated)

Response - mRECIST
• RFA / chemoembolization  reshapes targets - leaving scars 
• Not just size criteria
• Necrosis / changes in enhancement pattern
• Size of enhancing lesion vs total lesion
• Vascular re-canalization

• MRI – Diffusion and ADC – qualitative measures

• PERCIST – PET based changes in avidity/ necrosis response





How to approach a HCC / PVTT case



Base line work up 

History
Hepatitis

Previous Rx

Blood profile
CBC – p/c & INR

LFT
AFP

Examination
CP classification

Ascites +/-

Inclusion
Sr Bil < 3

P/c- > 50,000
Normal Liver volume



Selecting cases

April 2011 to June 2016
60 HCC+ PVTT cases referred for SBRT 

Baseline/ Metastatic work-up
Normal liver > 700 cc / Sr Bilirubin < 3 mg/dl / No Extra hepatic 

disease

Yes

Curative Intent [42 cases]
≦ ECOG 2 / Child Pugh A or B

> 5 mm away from luminal structures 
(duodenum/ stomach/ bowel)

No

Palliative Intent [18 cases]
Multicentric / Bulky HCC unfit for 

surgery/ alternative therapies



What dose and how much toxicity is expected??



SBRT case selection: risk based on segment & function

 SEGMENT based
 Seg 1: most dangerous – OAR – duodenum – cone down SBRT

 Seg 2: OAR- stomach –fasting before RT helps

 Seg 3: OAR- stomach/ GIT – non coplanar beams help

 Seg 4a: relatively safe – OAR – kidney, spine

 Seg 4b: dangerous – OAR – duodenum, pylorus

 Seg 5: relatively safe – OAR – colon

 Seg 6: liver tip – OAR – bowel, right kidney, ribs

 Seg 7: relatively safe – OAR – Rt kidney pole, spine

 Seg 8: safest: even large upto 10 cm HCC can be safely treated

 FUNCTION based
 CP [Child Pugh] score better than CP stage

 CP score independent risk factor for solitary HCC [Kudo et al]

 CP-A5 better OS than CP-A6

 CP-A6 – more inflammation/ fibrogenecity than CP-A5



Better functioning liver – better outcomes



Dose selection & outcomes

 Liver SBRT : HCC TD 50 – 53 Gy EQD2 Vs Mest 70 Gy EQD2

 2012 study  M/C regimen 45 Gy/ 3 fr ; 45 Gy/15 fr ; 40-50 Gy/ 5 fr

 Lausch et al  LC – dose dependent – sigmoidal  TD90 @ 6 mths 84 Gy EQD2 (HCC) Vs 95 EQD2 (Mets)

 Rule et al LC - 56% (30 Gy in 3 fr – BED10 60)  100% (60 Gy in 5 fr - BED10 132) 

 heavily chemo pre-treated  resistant  higher dosages { London regional cancer program suggestion} 

 Smaller lesions/ Good KPS  Rule et al - higher dose & higher control rate achievable 

 Larger lesion / proximity to OAR – poor tolerance to high dose 

 Choose best therapeutic window  threshold dose limit 

− 2009, McCammon et al. >  36 Gy - 3-year LC 59–89%  but < 36 Gy LC dropped to 8% [minimal threshold 65.3 Gy
EUD { BED 80} 

 Another method to select dose  radiobiologically guided dose selection algorithm

 used to individually select the maximum dose possible for each patient with specific toxicity risk levels been reached

 Cárdenes et al.  48 Gy in 3 fractions at a maximum of two treatments per week

− > CP-B7 - reduced dose of 40 Gy in 5 fractions  safer as no benefit from dose escalation in them



Initiating the liver SBRT program – Toxicity dilemma

 RILD – not a limiting factor for implementation of radiotherapy of the liver

 other non-RILD toxicities:

 gastroduodenal damage –

 only significant limiting factor / more concerning

median time to toixicity – 6 months (past h/o cholangio / ulcers- strong predictor)

 Steep rise beyond 35 Gy (> 10% risk if Dmax > 38 Gy)

 Chest wall and rib injury

 Coagulopathies

 Esophageal ulceration

 Renal failure

 Reactivation of viral hepatitis

 Cardiac injury

 Pneumonitis

 Skin necrosis. 



Dose prescription strategy- isotoxic



Centrifugal effect of SBRT on liver 

Necrosis/ fibrosisNecrosis/ fibrosis

Occluded veins/ 
congestion

Area of 
repopulation



Tips to evaluate 700 cc normal liver

1 cc50 cc100 cc
10 cc

110 cc

Normal liver spared



SBRT Liver – our Experience



Planning a new case

HCC: arterial enhancement

PVTT: Filling defect



Planning triple phase MRI 

PVTT



ImageFusion

Planning CT and MRI

CT-MRI fusion CT portovenous fusion



TARGET & OAR DELINEATION



Dose  prescription

Depend on intent

Normal liver volume available and mean dose

Proximity to OARs



Dose volume recommendations: QUANTEC

CP A

6 #: mean liver dose (Liver- GTV) < 18 Gy

3 #: mean liver dose (Liver- GTV) < 13 Gy

3 #: > 800 ml of normal liver should receive < 18 Gy

• Spinal cord : Max 18 Gy
• Small intestine : Max 30 Gy
• Stomach/ Duodenum: Max : 30 Gy. Vol of stomach > 22.5 Gy should 

be < 5 ml
• Kidney: V 15 < 35% (b/l)

Rusthoven et al, JCO



Plan



Planned for 
48 Gy in 3 fractions

BED: 124 Gy



Assessment

Post treatment: 

• Cases follow up with Radiation oncology and Liver surgery

• Continue TARE/ Sorafenib as per plan for HCC

• Clinical & Radiological assessment @ 6 weeks then 3 monthly

• Liver surgery assessment for transplant

• PVTT response:

• Radiological response: post SBRT  improvement in vascular flow/ re-canalization

• Pathological response: post transplant Histopathology for necrosis  



Post SBRT : response

Pre- SBRT

Post- SBRT: Recanalization of filling defect



LDLT - Transplant

Underwent successful LDLT – on 24.2.16



Post Transplant CECT



Present status: Summary

PVTT and recurrence in 
2015

TARE 
2014

RFA 
in 

2012

HCC  
2012

SBRT 
PVTT –
Dec 2015

Transplant 
– LDLT-
Feb 2016

Post 
transplant 
– 5 year –
alive & 
healthy





 Diagnosis: HCC multifocal with PVTT

 Planned for SBRT to PVTT with breath hold – ABC followed by TARE

 Dose planned 6000cGy/5 fractions



Post op - HPE

Alive for 1 year 7 months post surgery – developed lung mets - expired



Post TransplantPVTT recanalization



Role of SBRT in HCC – PVTT: Medanta Experience

2014

20162014

2011

Courtesy: Medanta –The Medicity



Successful Transplant post neo-adjuvant PVTT-RT: limited available world literature

Korea
Abhishek et 
al

No of cases 8 40

No of 
transplant

8 17

Awaiting 
assessment

N/A 11

Responders N/A
18 (CR or PR) -
43%
8 (stable) – 20%

Median 
survival 
(transplant 
cases)

33 months
29 mths (6-55 
mths)

Tumor 3 @ median 
1 @ 8 mths

Korea 2016

Abhishek et al 2016
IJROBP

Courtesy: Medanta –The Medicity



HCC –PVTT : SBRT + TARE  Transplant

Post successful transplant



HCC – PVTT – unfit for TARE (multiple collaterals) 

56 Gy / 7 fr alt days



HCC – PVTT – unfit for TARE (multiple collaterals) 

THAD

20.07.22



SBRT / TARE / Lenvatinib in multicentric HCC with PVTT - FMRI

Preliminary data : 20 cases

HCC with PVTT

Multi modality approach – TARE 
+ SBRT combination



New in PVTT- RT: endovascular brachytherapy



New in PVTT- RT: endovascular brachytherapy



HCC – RT 

HCC - PVTT

 42 inoperable cases

 Expected survival –
2.7 to 10 months

Gains…

 17 operable + 6 awaiting

 Post transplant 29 + 
months

 Curative cases: 15 +  
monthsSBRT Bridge of Hope

Inoperable multicentric HCC –
median survival 6-9 months

Median survival - > 13 months
longest > 20 months



Guidelines Mention of RT as a treatment option

APASL (2009) No

KLCSG (2009) Consolidate TACE, Portal invasion, Symptom 

palliation

JSH (2005/2007/2010) 2005/palliative RT aimed at pain relief

AASLD (2005/2010) 2005/one of non-curative treatment

2010/alleviate pain in bone metastasis

NCCN (2012) Unresectable (unable to transplant), 

Inoperable local disease

EASL-EORTC (2012) No evidence/under investigation

Chinese Society of Liver Disease Vascular invasion/Extrahepatic spread

RT in the HCC management guidelines



2022 NCCN

NCCN Guidelines. Hepatobiliary Cancer. V2.2022. Available at: www.nccn.org



Chinese Society of Liver Disease 2019



https://doi.org/10.3348/kjr.2019.0140

2018 Korean Liver Cancer Study 
Group



Thank You….


