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What is SBRT?

• Highly precise

• Very specialized

• needing expertise

• Selected patients



SBRT: points to remember

• Doses are very potent and biologically damaging

• Tissue response depends on:
• Dose delivered

• Volume exposed

• Tissue radio-sensitivity

• High dose per fraction, thus:
• Care for geographical misses

• Target volumes - small

• Critical structure tolerances 

Serial organs
• Spinal cord
• Esophagus
• Bowel
• Ducts
• vessels

Parallel organs
• Peripheral Lung
• Peripheral Liver
• Kidney
• Pancreas
• Prostate

SBRT has limited benefit

• Small volume – SBRT best



HCC – SBRT : understanding basics…….



Liver : Anatomy



HCC: Treatment principle 

Transplant candidate Locoregional / ablation candidate 

Popcorn effect: background of Cirrhosis

Surgery / Transplant – Gold standard – 5 yr OS 70% Only 20% fit for surgery

HCC cells – average doubling time – 6 months



HCC: Treatment 
• HCC: 3rd M/c cancer

• Surgery 
• Resection: 85% recurrence
• Transplant: Limited donor  20-40 % dropouts 

Non surgical Local management – as alternative
- Local therapy for waitlist 

- alternative to surgery

• “bridge”  until a donor organ is available

• Traditionally : RFA and TACE   neoadjuvant/ downstaging  
• RFA usable < 40% of cases – < 3 cm/ not close to vessels 
• TACE  only  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





RT in guidelines



Issues with liver RT in past……..



Liver – Radiotherapy - ? ineffective

• External Beam Radiation Therapy (EBRT): 
• palliative modality by 1980s - 1990s
• Deemed ineffective for liver tumors in past

• ? Radio resistance 
• ? Fear of RILD
• ? Poor tolerance - whole liver 
• ? partial liver radiation tolerance – unknown?
• ? modern radiation techniques for delivery
• ? motion management techniques
• ? Lack of faith in effectiveness of radiation
• ? No multi disciplinary approach 



Initial Experience of Radiation therapy in liver



RT – Historical Perspective

Liver tolerance: 

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

• Whole liver tolerance 

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

• 3 Gy/ fr:  21-24 Gy / 2.5 Gy/ fr - 24 Gy / 1.5 Gy / fr - 30 Gy

• Whole liver RT use
• Borgelt (IJROBP, 1983) 

• palliation (Ascites, anorexia, pain,etc)

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

• RTOG 8405 – dose escalation

• Hyperfractionation - 1.5 Gy BD - could not exceed 36 Gy





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 Liver RT : partial volume & functional liver 



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

Redefined role of RT in HCC



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

• Base line normal liver > 700 cc

• Case selection
• safe anatomy / safe functions

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

*Dawson, Seminars in Rad Onc, 2005



Functioning normal liver sparing

FDG galactose based functional liver



Advances…

Imaging

Motion mitigation

SBRT delivery



Imaging : Planning & delivery 

HCC: arterial enhancement

PVTT: Filling defect



SBRT delivery  - Wall mounted Linac

VMAT-SBRT delivery

3DCRT-SBRT delivery

SABR

• Gamma-knife-SABR (G-SABR)
• Liner-accelerator-SABR (L-SABR)
• CyberKnife-SABR (C-SABR)
• Tomo-SABR (T-SABR)
• Proton-SABR (P-SABR)

• ? Stereotactic ablative 
brachytherapy (SABT) – not EBRT



Linear 

Accelerator

Manipulator

Image

Detectors

X-ray 

Sources

IMAGING
SYSTEM

ROBOTIC
DELIVERY
SYSTEM

TARGETING SOFTWARE

Real time tracking / 
treatment in free breathing



Modern gadgets: MRI / Proton SBRT

Small moving targets Larger targets / cirrhotic liver



Motion mitigation strategies : Key to modern liver RT ………



Problems with respiratory movement: Organ Hit & Tumor miss 



Respiratory motion management: compression devices

Change / mitigate breathing pattern



Respiratory motion management: Breath Holding

Free Breathing
Breath-Hold



Respiratory motion management: Gating 



Synchrony® Respiratory Tracking System

Beam tracking

MLC tracking



nodular

diffuse

nodular massive with intrahepatic metastasis

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 relief
Salvage/ 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  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



Literature review: RT in HCC / PVTT – growing 
evidence



[2014]





SBRT Bridge: Data

• Scarce data  in past  ? local fibrosis/ vascular damages 
• (i) difficult dissection 

• (ii) anastomosis-related complications

• (iii) increased perioperative morbidity

PMH series: Sandroussi C, Dawson LA, et al 2010
10 patients  3D-CRT as a bridge to OLT
33 Gy (range:8.5–54 Gy)/ 1–6 fractions 100% LC & 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 



SBRT as bridge/ down-size –Pittsburgh group

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

• Bridge-to-transplant:
• 18/19 (95%) pts - successfully controlled with SBRT 

• 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

19 - within Milan / 8 outside milan (downsized)  
 bridge to transplantation

Overall success 
95% - bridge-to-transplant 
63% - downsizing 
100% local control to SBRT



SBRT Vs others



Comparison:
SBRT vs others

2018



2021

SBRT better for :
✓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) –

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



PVTT - radiology

Bland Malignant 

arterial

venous



PVTT – significance on stage/ treatment

Transplant: 
Contraindicated

Resection: 
Controversial

RFA: unsafe/ less 
effective

TACE: embolic effect –
induces hepatic 

necrosis

Dawson L, Semin Rad 
Onco; 2011 : 21



HCC – PVTT: Limited treatment options



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)



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

• 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



SE ASIAN data – very promising
2006 - 2013



PVTT down-staging  Transplant feasible

JCO 2019
Soin, kataria, et al



PVTT: Multi modality treatment





PVTT – expected response assessment

1 mth 3 mth 6 mth 9 mth 12 mth

CR 0% 6% 32% 56% 66.7%

PR 77.4% 43% 51% 43% 33.3%

SD 15.1% 4 % 6%

PD 7.5% 14% 3%

LC 92.5% 85.5%

Sr AFP 56% > 50% decrease in AFP @ 4-6 weeks

Mean PTV – 390 cc

Dose – 40 Gy in 5 fr SBRT

3-6 months ideal for assessment



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



Imaging features for HCC response

- arterial phase hyperenhancement (APHE)

- washout (WO) appearance

- enhancement similar to pretreatment

- change in size.

MRI: difusion restriction / T2-weighted hyperintensity – X
Post SBRT :

• Changes evolve – persistent APHE 6m – 1 yr

• Peritumoral Parenchymal changes – mask

Limited features of local recurrence :

• increase in size / new nodular APHE within a lesion 

Late effects –

• capsular retraction

• upstream biliary ductal dilatation (fibrosis) 



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



What dose and how much toxicity is expected??





Lowest risk

Low risk

Low risk

Potential high 
risk

Lowest: parenchymal

Low: sup/ lateral seg liver / tail body pancreas

Potential high : liver portal / biliary / pancreas head

Highest : adjacent / invading lumen

Anatomical risk regions in SBRT



SBRT case selection: risk based on segment & function

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

• Seg 2 /3 : OAR-stomach –fasting before RT / non coplanar beam

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

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

• Seg 5: relatively safe – OAR – colon

• Seg 6/7 : liver tip – OAR – bowel, right kidney, ribs

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

• FUNCTION based
• CP [Child Pugh] score better than CP stage

• CP-A5 better OS than CP-A6

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



Better functioning liver – better outcomes



Prognostic / Liver function scores



Central liver toxicity - SBRT

Histology: 
• HCC (good) vs CCA (bad)

ALBI score
• 1 - 3

V40 Gy:
• VBED1040 – 37 cc  

VBED10 30 – 45 cc [3 #] 
• V26 < 37 cc

V21 < 45 cc
Dmean < 19 Gy [5#]



Target delineation: Image Fusion

Planning CT and MRI

CT-MRI fusion CT plain/ portovenous
fusion



Target delineation:

• GTV: PVTT +/- HCC  on planning CT

• Additional fused MRI/ PET-CT used

• PTV:

• Cyberknife: 3 mm radial and 5 mm cranio-caudal

• DIBH: 5 mm radial and 7 mm cranio-caudal

1

+/- 2

GTV :
✓ capsulated growth pattern
✓ pushing growth pattern
✓ infiltrative growth pattern

Tumor/normal liver interface (TNI) –
Post chemo – residual – peripheral thickness  prognosis



TARGET & OAR DELINEATION



Dose selection & outcomes

• Liver SBRT : HCC TD 50 – 53 Gy EQD2 Vs Metastases 70 Gy EQD2

• 2012 study M/C regimen 36-45 Gy/ 3 fr ; 40-50 Gy/ 5 fr

• Lausch et al  LC – dose dependent – TD90 EQD2 @ 6 mth - 84 Gy (HCC) Vs 95 (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

• Smaller lesions/ Good KPS  higher dose

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

• Another method to select dose  radiobiologically guided dose selection algorithm
• Individualize maximum dose / for specific toxicity risk levels 



Initiating the liver SBRT program – Toxicity dilemma

• RILD – not a limiting factor

• other non-RILD toxicities:

• gastroduodenal damage 

• Chest wall and rib injury

• Esophageal ulceration

• Renal failure

• Reactivation of viral hepatitis

• Cardiac injury

• Pneumonitis

• Skin necrosis. 



SBRT Plan Eval sheet…

Kanhu et al…



Large tumors

• Issues : liver failure 

(intrahepatic progression before  extrahepatic disease)

• Reasons of death – inoperable large HCC:
• tumor related liver failure / underlying liver disease

• inadequate intrahepatic control 

• functional liver parenchymal loss, biliary/ vascular 
obstruction- ischemia



Centrifugal effect of dose  

Tips to evaluate 700 cc normal liver

1 cc50 cc100 cc
10 cc

110 cc

Normal liver spared



SBRT liver mets



Mets : Surgery 

Oncological factors: 
• node-positive primary
• disease-free interval (< 12 months)
• number of hepatic metastases (> 1)
• hepatic metastasis (> 5 cm)
• CEA (> 200 ng/mL)

< 2 factors – 5 Yr ~ 50%, 10 yr OS ~ 17-25%

Anatomical factors:
• Latest imaging: accurate diagnosis and staging
• Both primary/ mets resectable
• Post op preserved hepatic functions 

Patient tolerance:
• adequate liver function
• Performance status / comorbidities
• Post op - ~ 20–25% normal liver with adequate inflow, outflow, and biliary drainage 



SBRT liver mets: selection of cases



Liver mets: SBRT – dose selection

• Spectrum of dose ranges in literature

• 14 -30 Gy / 1 fr - 30-75 Gy/ 3-5 fr , occasionally 48-60 Gy / 6-8 fr

• Difficult to compare: heterogeneity in 
• dosimetric planning
• dose prescription
• patient selection
• primary tumor number/ volume 
• systemic treatments before/ after SBRT 
• Definition of LC

• Usual local control 56% to 100% at 2 years

• Higher doses – better LC / although dose response curve – uncertain 

• Chang et al.  - colorectal liver mets
• BED10 Gy for 90% LC - @ 1 yr - 117 Gy10. 
• ~ 46- 52 Gy in 3 fractions [LQ model] 
• ~ 55 Gy in 5 fractions 
• Better outcomes with non colorectal mets



SBRT in era of Immunotherapy
: Systemic effects of local Radiation

Immunotherapy :
evolution 1st line for locally advanced inoperable HCC 

SBRT :
antitumor immune response + immunogenic cell death 
necroptosis, i.e. caspase-independent apoptosis  increased PDL1

PD-L1 blockade by immunotherapy - potent synergistic treatment

Phase I/II trials: SBRT with immunotherapy 
(NCT03482102, NCT03203304, NCT03316872, NCT03817736).



SBRT Liver – our Experience



Treatment planning/ delivery

SBRT : breath-hold ABC

SBRT : tracking Cyberknife
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HCC – PVTT case

HCC: arterial enhancement

PVTT: Filling defect

Courtesy: Medanta (kataria et al)

 38/M 

 Hep B / multifocal HCC – 2012

 RFA for 3 lesions – 2012 [Singapore]

 TARE in 2014 [another facility]

 2015 with:

 AFP- 78.1

 PECT – CT: SOL seg V/ VI + Rt PVTT

• Impression: 

HCC with PVTT

Outside Milan - poor prognosis



Courtesy: Medanta (kataria et al)Planned - 48 Gy in 3 fractions (BED 124 Gy) 



Post SBRT : response

Pre- SBRT

Post- SBRT: Recanalization of filling defect

Courtesy: Medanta (kataria et al)

Underwent successful LDLT – on 24.2.16



Post Transplant CECT

Courtesy: Medanta (kataria et al)

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



Case 2: multifocal HCC with PVTT
Courtesy: Medanta (kataria et al)



• 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



60 cases

42 curative

29 alive

17 transplant

6 partial/ complete re-
canalization

11 PVTT site necrosis/ 
pathological CR

6 awaiting assessment

2 stable

4 systemic 
progression

10 expired

3 lost to follow up

18 palliative

9 expired

1 lost to follow up

8 alive

1 stable

1 post transplant pall 
RT - progression

6 systemic 
progression

Follow up data – till 2017

Courtesy: Medanta –The Medicity



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
recurrence

3 @ median 
17 mths

1 @ 8 mths

Korea 2016

Abhishek et al 2016
IJROBP

Courtesy: Medanta –The Medicity



HCC –PVTT : SBRT + TARE  Transplant

Post successful transplant

FMRI



HCC – PVTT – unfit for TARE (multiple collaterals) 

56 Gy / 7 fr alt daysFMRI



HCC – PVTT – unfit for TARE (multiple collaterals) 

THAD

20.07.22

FMRI



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

• Preliminary data : 20 cases

• HCC with PVTT

• Multi modality approach –
TARE + SBRT combination



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 +  months

SBRT Bridge of Hope

Inoperable multicentric HCC –
median survival 6-9 months

Median survival - > 13 months
longest > 20 months



SBRT Pancreas



Decreased utilization of 
Radiation for Pancreatic cancer 



Conventional or SBRT ?

Limited / well delineated with safe OAR location



Pancreas SBRT

Indications/ benefit: 

• Inoperable cases – unfit Sx

• As boost for high risk / post op

• Avoid delay in systemic

• Recurrent disease

• Oligometastatic Mets

• Palliation : Pain / Biliary obstruction

• Aggressive / 20% operable, 40% 

locally advanced

• 60% - local progression

• Local management : Non surgical

• Symptom control

• Local control / PFS 

• conversion  operable

• SBRT : No delay in systemic therapy

Why SBRT –Pancreas?



ICC 2023, Mumbai 106



ICC 2023, Mumbai 107



SBRT Pancreas: Curative effects

• 1st experience : Stanford
• 25 Gy / 1 fr – 100 % LC but > 25% Gr II + toxicities, ulcer, stricture, perforation

• 3-5 fractions better
• Herman (33 Gy/5 fr) / Ryal et al / Park et al (SBRT vs IMRT) 

• Median survival 14-15 months, LC – 80%, Gr III toxicity < 10%

• Margin negative/ LN negative resections

• Induction chemo  SBRT  better survival / PFS in inoperable

• BRPC
• Moningi et al. 

• 88 cases / SBRT 25 -33 Gy/ 5 fr + Gem or FOLFIRINOX chemo

• 1 yr LC 61%, mOS 18 m

• Those made operable – 20 m Vs 12 m , Grade 3 toxicity < 6%. 

• Mellon et al.
• 159 cases (110 BRPC, 49 LAPC)

• 24% surgical conversion / all margin negative , mOS 34 month

3-5 fr better than 1 

Toxicity less 

Conversion in BRPC

Induction + SBRT : better PFS / 
survival  if inoperable







Palliation / Pain

 24 Gy / 3 fr
 25 Gy / 5 Fr
 25 Gy / 1 fr [MR linac]



Re-irradiation / salvage

✓ Localized salvageable recurrence
✓ 2-6 months systemic  Re-RT
✓ > 9-12 mths DFS  better for local control Re-RT
✓ Re-RT – 5 fr SBRT 4-5 Gy/fr [20-25 ~ 30 Gy]

❖median BED early/late: 37.5/66.7 Gy



Case selection 

• Mostly reserved for LAPC and BRPC

• Extent of disease / size / relationship 
with OARs 

• Gastrointestinal mucosal / luminal 
infiltration  - C/I  - risk of bleeding and 
peritonitis

• Not in mets except – oligomets or large 
symptomatic primary post induction

• NCCN : SBRT after induction for 
advanced, inoperable, and non-
metastatic / unfit for chemo



Cholangiocarcinoma



Cholangiocarcinoma – SBRT – limited role

ICC 2023, Mumbai 115

? boost









ICC 2023, Mumbai 119





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]

Surgery & SBRT – local ablative therapies

Learning from surgical experience – partial liver radiation concept was monumental in 
improving response rates


