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Liver cancer --prevalence



Liver cancer --prevalence

Hong Kong Cancer Registry



Liver cancer—Risk factors

 Cirrhosis 

 Hepatitis B :3.2 (with cirrhosis) versus 0.1 cases (without 

cirrhosis) per 100 person-years

 Hepatitis C cirrhosis :risk of developing HCC once cirrhosis 

has developed have ranged from 1 to 4 percent per year

 Alcoholic cirrhosis: 2.9 cases per 100 patient-years

 Environmental toxin: Aflatoxin B1 , Betel nut chewing

 nonalcoholic fatty liver disease NASH  cirrhosis: 1 per 100 

person-years



Liver cancer --Risk factors

Hepatitis B

CDC 2010



Liver cancer --Risk factors

Hepatitis B

HKU study: Hepatitis 

B infection prevalence 

in HK 7.8% 



Liver cancer-- symptoms

 Local symptoms

 Symptoms of liver decompensation

 Ascites

 Ankle edema

 Jaundice

 hypoglycemia

 Symptoms of distant metastasis

 Bone pain

 Pleural effusion



Liver cancer--investigation

 Triphasic CT

 C-Acetate PET

 Blood x AFP, LFT

 Biopsy only indicated in cases without preexisting risk 

factors and atypical enhancement features 



Liver cancer—treatment option by stage 



What is 

radiotherapy?



Basic radiobiology

LINAC

COBALT 60

Gamma Knife

Cyber Knife

Carbon ion therapy

Superficial Xray

Electron therapy

Tomotherapy

Proton therapy

• Brachytherapy:

Afterloading technique

• Iodine 131 ingestion

• Radioembolization 

(Y90)



Basic radiobiology



Basic radiobiology—inside a 

LINAC



Basic radiobiology—scientific 

basis
 Gray (Gy) :SI unit of radiation dose, 

expressed as absorbed energy per 

unit mass of tissue.

 1 Gy = 1 Joule/kilogram = 100 rad.

 Gray can be used for any type of 

radiation (e.g., alpha, beta, 

neutron, gamma)



Radiobiology—behaviour of 

cancer cells and normal tissue



What is Stereotactic 

body radiation therapy 

(SBRT)?

SBRT ?

stereotactic radiotherapy? 

fractionated stereotactic radiosurgery ?



PubMed articles published by 

year

Malouff TD, Seneviratne D, Stross WC, Ko S, Tzou K, Trifiletti DM, Vallow LA. Public interest in stereotactic body radiation therapy (SBRT) and 

stereotactic radiosurgery (SRS) in the United States. J Radiosurg SBRT. 2020;6(4):311-315. PMID: 32185091; PMCID: PMC7065901.



Google Search for ‘SBRT’

Malouff TD, Seneviratne D, Stross WC, Ko S, Tzou K, Trifiletti DM, Vallow LA. Public interest in stereotactic body radiation therapy (SBRT) and 

stereotactic radiosurgery (SRS) in the United States. J Radiosurg SBRT. 2020;6(4):311-315. PMID: 32185091; PMCID: PMC7065901.



What is SBRT: Radiobiology

2Gy/Fr

<2Gy/Fr

Hyperfractionation
>2Gy/Fr

Hypofractionation



Radiobiology—behaviour of 

cancer cells and normal tissue



What is SBRT? The 5Rs that 

determines effect of RT

 Repair

 Reoxygenation: Fractional allows for reoxygenation of 

more hypoxic cells and make them more susceptiable to 

radiation

 Reassortment : Fractionation allows for cells to proceed 

to more radiosensitive phase in the cell cycle

 Repopulation: prolonged waiting time between 

fractions results in regrowth of tumour cells from 

sublethal damage

 Radiosensitivity(intrinsic) of tumour



Radiobiology –Time factor



What is SBRT: Are they equal?

2Gy x 25Fractions = 10Gy x 5 Fractions?

Conventional dose , 

adjuvant RT for 

breast cancer

SBRT dose, 

Ablative RT for 

liver cancer



What is SBRT? 

Definition from ACR and ASTRO

an external 
beam radiation 

therapy method

very precisely 
deliver a high 

dose of 
radiation

to an 
extracranial 
target within 

the body

using either a 
single dose or a 
small number of 

fractions.



What makes SBRT 
possible? Improvement in 
conformality

Intensity 

modulated 

radiotherapy



What makes SBRT 

possible? Improvement in 

conformality



What makes SBRT possible? 

Improvement in conformality

Timmerman RD, Herman J, Cho LC. Emergence of stereotactic body 

radiation therapy and its impact on current and future clinical 

practice. J Clin Oncol. 2014;32(26):2847-2854. 

doi:10.1200/JCO.2014.55.4675



What makes SBRT possible? Reduction 

of margins



What makes SBRT possible? 

Reduction of margins
1)Thin cut planning CT

2)Respiratory motion 

control

3) Better 

immobolization

1)Treatment 

planning with 

IMRT

2) Co-

registration 

with MRI/PET

Additional Quality 

Assurance 

procedures by 

physicists

1) IGRT: Verification using cone 

beam CT

2) RT delivered by IMRT/VMAT

3) Respiratory motion control

4) Better immobolization



What is SBRT? The applications

Normal fractionation (1.8-

2Gy/Fr)

SBRT

Usage RT to prophylactic volumes (at 

risk but without Gross tumour

volume) to reduce recurrence

focused volume consisting of 

gross tumour only

Exampl

e

Adjuvant RT for breast Radical SBRT for HCC

efficacy Adjuvant RT for post BCT breast 

cancer :10-year risk of any first 

recurrence : 35 %(BCT alone) Vs 

19% (+adj RT)

SBRT HCC :local tumor control 

rates 2-3 years following SBRT : 

68 to 95% 2

1 Senthi S, Lagerwaard FJ, Haasbeek CJ, Slotman BJ, Senan S. Patterns of disease recurrence after stereotactic ablative radiotherapy for early stage non-small-cell 

lung cancer: a retrospective analysis. Lancet Oncol. 2012 Aug;13(8):802-9. doi: 10.1016/S1470-2045(12)70242-5. Epub 2012 Jun 22. PMID: 22727222

2Ohri N, Tomé WA, Méndez Romero A, Miften M, Ten Haken RK, Dawson LA, Grimm J, Yorke E, Jackson A. Local Control After Stereotactic Body Radiation Therapy for 

Liver Tumors. Int J Radiat Oncol Biol Phys. 2021 May 1;110(1):188-195. doi: 10.1016/j.ijrobp.2017.12.288. Epub 2018 Jan 6. PMID: 29395629; PMCID: PMC6102100.



What is SBRT: Are they equal?

2Gy x 25Fr 10Gy x 5Fr
Conventional fractionation 

(adjuvant radiotherapy for 

breast cancer)

SBRT dose fractionation

(Ablative RT for lung /liver 

cancer)

BED 10 60Gy 100Gy

EQD2 Early or Late :50Gy Early (tumour) :83.3 Gy

Late :150 Gy



SBRT for HepatoCellular

Carcinoma



Myths on Radiotherapy for HCC

 not a ‘radiosensitive’ tumor 

 radiotherapy is too ‘toxic’ for the liver

 RILD is seen in 5–10% of patients treated with 30–35 Gy to the 

whole liver.

 Impossible to irradiate a moving organ



SBRT for HCC—

myths 

Radiosensitivit

y 

Myths on Radiotherapy for HCC



SBRT for HCC—myths 

Too toxic
Moving Target

• HCC moving along with 

respiratory motion of 

liver (increased superior-

inferior irradiated volume 

to encompress whole 

track of tumour)

Surrounding Organ At Risk : 

• Liver (often cirrhotic)

• Stomach

• Small bowel

• Spinal cord



What is SBRT?

1)Thin cut planning CT

2)Respiratory motion 

control

3) Better 

immobolization

1)Treatment 

planning with 

IMRT

2) Co-

registration 

with MRI/PET

Additional Quality 

Assurance 

procedures by 

physicists

1) IGRT: Verification using 

cone beam CT

2) RT delivered by 

IMRT/VMAT

3) Respiratory motion control

4) Better immobolization



SBRT for HCC—myths 

Too toxic (respiratory motion 

control)



What is SBRT?

1)Thin cut planning CT

2)Respiratory motion 

control

3) Better 

immobolization

1)Treatment 

planning with 

IMRT

2) Co-

registration 

with MRI/PET

Additional Quality 

Assurance 

procedures by 

physicists

1) IGRT: Verification using cone 

beam CT

2) RT delivered by IMRT/VMAT

3) Respiratory motion control

4) Better immobolization



SBRT for HCC—myths 

Too toxic (improved conformality)

IMRT(Intensity Modulated 

Radiotherapy)/VMAT(Volume

tric Modulated Arc Therapy)



What is SBRT?

1)Thin cut 
planning CT
2)Respiratory 
motion control

1)Treatment 
planning with 
IMRT
2) Co-registration 
with MRI/PET

Additional Quality 
Assurance procedures 
by physicists

1) IGRT: Verification using 
cone beam CT

2) RT delivered by 
IMRT/VMAT

3) Respiratory motion control



Daily CBCT verification 



SBRT for HCC—published 

evidence
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SBRT for HCC—published 

evidence



Liver cancer—treatment option by stage 



SBRT for HCC—published 

evidence
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SBRT for HCC—published 

evidence



SBRT for HCC—published 

evidence 
toxicities RFA SBRT

Grade 3+ 

adverse 

event

11% 5%  (P = .31 v RFA) 

1pneumothorax ,2 sepsis,2 

duodenal and colonic

perforation , 3 bleeding 

1 radiation-induced liver 
disease ,1 GI bleeding and
1 worsening ascites

Deaths 2 deaths within 1 month of 

treatment (1 hemothorax, 1 GI 

bleeding)

No deaths
were seen as a consequence of
SBRT

Grade 3 

biliary 

toxicities

at 1 year 2.3%,

at 2 years 6%

3.3% (P = .7) 

3.3% (P = .38)

Grade 3 

luminal GI 

toxicites

At 1 year 3.4%

At 2 year 6.4%

5.4%(p=0.49)

8.3% (p=0.66)



Liver cancer—treatment option by stage 



SBRT for HCC—published 

evidence



SBRT for HCC—published 

evidence



SBRT for HCC—published 

evidence
TACE SBRT

G3 events 13% 8%  (p=0.05)

severe hypervolemia after 

TACE ,acute

cholecystitis , severe anasarca 

associated with

hypovolemic renal failure , biliary 

abscess ,

hepatic artery injury , biliary 

stricture , upper

GI bleeding caused by gastric ulcer , 

severe

hyperkalemia with a non-ST-

elevated myocardial infarction

immediately after TACE

biliary strictures ,

upper GI bleeding 

associated with gastric 

or duodenal ulcer

,bleeding from 

esophageal varices and 

severe hypervolemia 

after SBRT 

One patient developed

radiation induced liver 

disease.



Publication

s

on local 

HK data

SBRT for HCC—published 

evidence (local data)



TACE + SBRT 

vs 

TACE alone 

 Retrospective 

comparison with 

propensity score 

matching

 2011- 2014

 Unresectable HCC of 

Intermediate stage

Baseline characteristics of all patients

TACE N=98 TACE + SBRT N=49 P 

value

PVT 0 (0) 0 (0) -

No. of tumor 

Solitary

Multiple

56 (57.1%)

42 (42.9%)

27 (55.1%)

22 (44.9%) 0.81

Number of lesion

Solitary

Two

Three

Multiple

56 (57.1%)

13 (13.3%)

2 (2%)

27 (27.6%)

27 (55.1%)

7 (14.3%)

5 (10.2%)

10 (20.4%) 0.15

Size of the largest tumor 

(cm)

10.1 (1.8-22.4) 9.5 (4-23.6) 0.89

UICC 7th edition

Stage I

Stage II

Stage IIIA

Stage IIIB

Stage IIIC
Stage IVA

50 (51%)

2 (2%)

35 (35.7%)

1 (1%)

7 (7.1%)
3 (3.1%)

16 (32.7%)

1 (2%)

26 (53.1%)

2 (4.1%)

2 (4.1%)
2 (4.1%) 0.27



TACE + SBRT

vs 

TACE alone

 Retrospective 

comparison with 

propensity score 

matching

 2011- 2014

 Unresectable HCC of 

Intermediate stage

TACE alone TACE+SBRT

N 98 49

OS 10.4 m 23.9 m P 

0.001

1 yr 43.9% 67.2%

3 yr 13.3% 37.8%

5 yr 6.4% 14.4%



TACE + SBRT (TMH)

vs 

TACE alone (QMH)

 Retrospective 

comparison with 

propensity score 

matching

 2011- 2014

 98(QMH)+49(TMH) 

patients

 Unresectable HCC of 

Intermediate stage

TACE + SBRT 

vs 

TACE alone 

 Retrospective 

comparison with 

propensity score 

matching

 2011- 2014

 98(QMH)+49(TMH) 

patients

 Unresectable HCC of 

Intermediate stage



SBRT for HCC –published 

evidence (local data) Safety


