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Radiotherapy For Liver Tumors

 Radiosensitive organ

 Toxicity easily achieved – radiation induced liver disease (RILD)

 Complications of liver failure can make treatment planning difficult

 Stomach, kidney & duodenum at risk of injury 

 Initially, RT was used cautiously due to the narrow therapeutic window 

when balancing tumor control against RILD



Radiation Induced Liver Disease (RILD)

 Occurs 4–8 weeks after termination of RT

 Has been reported to appear as early as 2 weeks or as late as 7 

months after RT

 6–66% of patients present significant RILD

 Mean dose of 30 Gy is usually considered as safe but radiation 

tolerance of the liver is lesser in patients with deranged liver function

 Two types of RILD:

 Classical - patients without underlying liver disease 

 Non-classical - patients with underlying liver disease



RILD contd…

 Clinical syndrome - fatigue, 

abdominal pain, increased abdominal 

girth, hepatomegaly, anicteric ascites 

 Isolated elevation of alkaline 

phosphatase out of proportion to 

other liver enzymes

 Levels of transaminase and bilirubin 

remain normal

 Pathological changes – Characteristic 

hallmark is hepatic veno-occlusive 

disease (VOD)

 Clinical syndrome – jaundice

 Have underlying chronic hepatic 
diseases, such as cirrhosis and viral 
hepatitis

 Show more dysregulated hepatic 
functions

 Remarkably elevated serum 
transaminases (a more than fivefold 
increase compared to normal levels) 
rather than ALP

 Pathological changes - hepatic 
sinusoidal endothelial death and 
HSC activation leading to 
irreversible hepatic failure

Classical Non - Classical



Grading System For Cirrhosis



Treatment Options

Operable Non – Operable

Partial Hepatectomy Radiofrequency Ablation

Liver Transplant Percutaneous Ethanol Ablation

Transarterial Chemoembolization

Cryoablation

Systemic Chemotherapy

Radiation Therapy

Radioembolization



Indications of RT

HCC
Unresectable

Transplant ineligible

Ineligible for RFA, TACE

Incomplete response to TACE

Portal vein invasion

As bridge to transplant

Intrahepatic 

cholangiocarcinoma
Adjuvant - Margin positive, 

lymph node metastasis

Unresectable

Medically inoperable

Metastatic
Oligometastasis with controlled primary 

disease

Number of hepatic lesions ≤3, size lesions 

≤3 cm, lesion distance from OARs >8 mm, 

good liver function and free liver 

volume>1000 cm3.



RT – Constraints

 Threshold mean liver dose 

was 30Gy

 NTCP increased by 

approx 4% per Gy 

increase in the mean dose

 There is a 5% chance of 

RILD with a mean liver 

dose of 31Gy

 There is a 50% chance of 

RILD with a mean liver 

dose of 43Gy

 At 2Gy /#, 5% chance of 

RILD corresponds to 28Gy

Dawson IJROBP,33,2002



Whole liver  

<5%,  <32Gy

TD(50) , 39.8 Gy

2/3 liver

5%, 54Gy

RT – Constraints

Dawson IJROBP,33,2002

Whole liver  

<5%,  36Gy

TD(50), 45.8Gy

2/3 liver

5%, 46Gy



Challenges In Treatment



Radiotherapy In Liver Tumors

 Techniques of Radiation:

Conventional radiation

3-D Conformal Radiation /IMRT

Stereotactic  body radiotherapy

Protons & heavy ion therapy



 Modern radiotherapy and imaging, however, permit 

ablative doses to be delivered to HCC without excessive 

dose to normal liver

 Robust target delineation, highly conformal planning, 

online image guidance, and methods to minimize 

respiratory motion are required for optimal delivery.

Radiotherapy In Liver Tumors



3D-CRT

 3D-CRT uses multiple coplanar or non-coplanar fields in order to reduce 

the high-dose exposure of normal tissues including the liver and bowels 

and to increase the tumor dose coverage 

 With the use of computed tomography (CT) images for RT planning and 

a computerized treatment planning system:

 The tumor and surrounding normal liver can be delineated accurately

 The delivered dose and irradiated volume of the tumor and normal liver 

can be precisely evaluated

 More suitable for larger tumors



IMRT

 Facilitates the delivery of a higher radiation dose

 Inverse treatment planning, modulates the intensity of each beam to gain the 

desired target coverage while minimizing the dose to the normal organs

 Various forms of IMRT - volumetric-modulated arc therapy (VMAT) and helical 

tomotherapy (HT)

 High dose region of the normal liver is smaller in IMRT than 3DCRT, the low dose 

region is increased in IMRT, and this increase is remarkable in h-IMRT or VMAT.

 Sparing effect of non-liver OARs is beneficial in h-IMRT or VMAT.



Different Radiotherapy Techniques For 

Hepatocellular Carcinoma



Strength & Weakness Of IMRT Techniques



Comparison of 3DCRT vs IMRT



Ways To Address Motion

 Image guidance (IGRT)

 Limit motion

 Quantify actual motion

 Track motion

 Treat at certain phases of respiration



IGRT

 Image guidance ensures that relative positions of isocenter and target

are the same during treatment and in treatment plan

 Potentially allows:

 Reduced treatment margins

 Increased dose

Reduced complications

 Avoid misses



Image Guidance Then And Now…



SBRT

 Delivery of high precision, image guided, high dose radiotherapy.

 Tumor ablative intent, short course, steep dose gradient delivery. 

 Results in a high biologically effective dose (BED)



Is There A Biological Edge In SBRT

 Postulated mechanisms:

1. Ablative treatment

2. Endothelial damage

3. Immune mediated

 RT increases tumor antigen specific immune response

4. Abscopal effects

 Local therapy causes systemic response (cytokine mediated)



Positioning & Immobilization

 Usually a vac lock is used to immobilize the body from head 

to pelvis, arms are moved away from the field using a T- bar

 Abdominal orfit cast may also be used

 Immobilization with abdominal compression devices should be 

used to reduce tumor motion



Simulation Along With Motion Management

 Aim: To provide accurate details of the patients anatomy for 

target delineation and dose calculations

 To achieve a precise and reproducible position for treatment

 Different techniques of CT scanning 

 Most commonly a 4DCT is used to acquire images since it give a 

good estimate of tumor or organ motion along with anatomical 

details

 A slice thickness of “1-3” mm is recommended in most clinical cases



Simulation

 Scan length should extend 5-10 cm superior and inferior of the 

treatment border to enable the placement of non co-planar 

beams

 RPM™ (Respiratory position management) system (Varian 

Medical Systems, Palo Alto, USA) with infrared marker used to 

track the breathing pattern of the patient

 To enhance the visibility of tumors on 4D-CT, 100 ml of contrast 

at a concentration of 300 mgI/ml was injected along with 4D-

CT image acquisition

 After initiating contrast injection, the liver scanned with a 45 s 

time delay so as to image the liver in the portal venous phase.



Target Volume Contouring

 According to ICRU 50 and 62,  GTV, PTV and OARS are contoured on each slice of the 

CT

 The GTV included the hypodense areas visible in the liver on the planning CT images

 GTV contoured on all the respiratory phases 

 GTV expanded by 5mm in all directions to create PTV



VMAT Technique (SBRT)



OAR Contouring

 At minimum, these structures are required to be contoured at 

the level of the PTV and over any region received > 10 Gy

 All portions of the duodenum are recommended to be 

contoured



Recommendations

Dose prescription for SBRT in 3 fractions according to lesion size

Recommended OAR dose constraints

Comito et al. Pract Oncol Radiother. 2015



Dose

 Excellent local control rates are also seen after SBRT for 

liver metastases when BEDs of >100 Gy10 are utilized

 Local control rate exceeding 90% was achieved when 

doses of 46–52 Gy in 3 fractions are delivered, 

 Doses of 48 Gy or higher in 3 fractions should be offered 

if feasible

Mahadevan et al. Radiat Oncol. 2018



Potential Toxicities



Definitive RT in those not suitable for 

Surgery & RFA



Summary of Prospective Studies of SBRT for HCC

Prospective clinical trials of liver SBRT have demonstrated 

high rates of local control (LC), typically defined as no 

progression of disease per RECIST criteria, ranging from 

87% to 100% at 1 to 3 years



Comparison of SBRT with other Liver Directed Therapies

Despite the challenges with comparing SBRT to other treatment 

modalities in the absence of randomized data, SBRT appears to be 

an effective LDT for local control with a safe toxicity profile in well-

selected patients, and further work is ongoing regarding the role of 

SBRT in the setting of combined modality treatments





 379 patients 

 SBRT (n=36)

 TACE (n=99)

 RFA (n=244)

 The 1-, 3- and 5-year actuarial patient survival from the time of listing 

was 83%, 61% and 61% in the SBRT group vs. 86%, 61% and 56% in 

the TACE group, and 86%, 72% and 61% in the RFA group, p=0.4

 Conclusion: SBRT can be safely utilized as a bridge to LT in patients 

with HCC, as an alternative to conventional bridging therapies

Sapisochan et al. J Hepatol. 2017

https://www.ncbi.nlm.nih.gov/pubmed/28257902
https://www.ncbi.nlm.nih.gov/pubmed/28257902
https://www.ncbi.nlm.nih.gov/pubmed/28257902


LC at 2 years in relation to dose in HCC

2-year LC rates of 90% can be achieved with 

common dose regimens such as 40 to 48 Gy in 3 

fractions and 35 to 40 Gy in 5 fractions



SBRT for Liver Metastasis



 427 patients with 568 liver metastases from 25 academic and community-based centers

 Colorectal adenocarcinoma (CRC) was the most common primary cancer

 Median SBRT dose was 45 Gy (12–60 Gy) delivered in a median of 3 fractions 

 Median overall survival (OS) was 22 months

 BED10 ≥ 100 Gy was also associated with improved OS

 Two-year LC rates was better for BED10 ≥ 100 Gy (77.2% vs 59.6%) and the median 

LC was better for tumors < 40 cm3 (52 vs 39 months)

Mahadevan et al. Radiat Oncol. 2018



SBRT for Cholangiocarcinoma



PGI Results





 22 patients with unresectable primary and metastatic liver tumors 

treated in 2016 and 2017

 Fifty four percent received prior liver directed therapies

 Dose fractionation schedules followed in patients were

 54 Gy in 3 fractions (n=4)

 48 Gy in 4 fractions (n=5)

 36 Gy in 3 fractions (n=12)

 Median follow-up was 11 months

 Out of 22 patients:

 Three were lost to follow up

 Eight had partial response

 Four had stable disease 

 Seven had progressive disease. 



Conclusion

 For Primary/ metastatic liver tumors, SBRT is safe and effective, 

with excellent local control achieved with few challenges:

 Is there a radiation dose-response relationship with HCC.

 What are the optimal dosimetric predictors of RILD and do they 

differ for patients with varying liver functions. 

 How do we assess treatment response on imaging. 

 How does SBRT compare to other liver-directed therapy 

modalities. 



Thank You


