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Background 
• CA pancreas is one of the most devastating solid tumours 

and is the 6th commonest cause of cancer mortality in 
Hong Kong 

• Surgery is the standard of care for resectable disease 
while radical concurrent chemoradiotherapy or 
chemotherapy alone are indicated for unresectable 
diseases (LAPC) 

• However radical chemoradiotherapy is also associated 
with high rate of G3/4 toxicities, with a median survival 
of 5-15 months 

• After even after radical resection +/- adjuvant treatment, 
about 30% died of local disease with minimal or no 
metastases 



Chemoradiotherapy 

• 3-dimensional (conformal RT or IMRT) with standard 
fractionation scheme of 1.8-2 Gy fractions to 50.4-
54Gy over 5 to 6 weeks 

• Concurrent with 5-FU, capecitabine, TS-1 or 
gemcitabine 

• Mainly provide local control, palliation and 
occasional downsizing/downstaging tumours leading 
to improved resectability 

• Modest impact on overall prognosis 



Author Year RT tech. RT Chemo n MST 
(mo) 

1yOS 2yOS ≥G3 GI 
toxicity 

Loehrer 2011 3DCRT 

- Gem 
alone 

37 9.2 32% 5% 31% 

50.4Gy/
28F 

Gem 34 11.0 50% 12% 68% 

Ikeda 2013 3DCRT 50.4Gy/
28F 

TS-1 60 16.2 72% - 10% 

Hammel 2016 3DCRT 

- NAC+Ge
m/ER 

136 16.4 - - 1% 

54Gy/30
F 

NAC+Ge
m 

133 15.2 - - 11% 

Ben-
Josef 

2012 IMRT 50-
60Gy/25
F 

Gem 50 14.8 - 30% 22% 

Terashi
ma 

2012 Proton 67.5Gy/
25F 

Gem 40 - 79% - 32% 

Shinoto 2016 C-ion RT 45.6-
55.2Gy/
12F 

Gem 42 23.9 79% 48% 5% 

Kamada 2017 C-ion RT 55.2Gy/
12 

Gem 
and/or 

TS-1 

34 NA 85% 65% 7% 



Stereotactic body radiation therapy 
• Use of a 3-dimensional stereotactic system to track 

the position of the patient and the tumour(s) before 
and during treatment, thus allowing a high-dose 
radiation in 1-6 fractions to the tumour and regional 
lymphatics and minimal to low radiation dose to the 
surrounding structures 



Restriction of tumour motion by 
respiratory control technique 

• Active breathing control (ABC) 
• Gating technique 
• Abdominal compression (more commonly 

used for HCC) 



Active breathing control (ABC) 
• The ABC apparatus is a modified spirometer consisting 

of two pairs of flow monitors and scissor valves to 
control inspiration and expiration, respectively 

• The operator activates ABC at a predefined lung 
volume by closing both valves to immobilise the 
breathing motion for 15 to 20 seconds 

• Pre-treatment breath-hold training is required 
• Simultaneously the linac radiation beam is switched 

on until towards the end of the tolerance of breath 
hold of the patient 

• Patient is allowed to breath freely afterwards after 
each breath hold 

• Each patient needs to take breath holds for an average 
of 10-15 times in each fraction of SBRT 

• The total duration for each fraction of SBRT is about 
15-20 minutes 



Active breathing control (ABC) 
• Breath hold at maximal inspiration for thoracic 

SBRT (spares the lungs from excessive irradiation) 
• Breath hold at maximal expiration for abdominal 

SBRT (spares the liver from excessive irradiation 
and more comfortable to patients with distending 
tumours) 



Active Breathing Control technique 



ABC technique 



ABC technique for a patient with CA lung 
(breath-hold at maximal inspiration) 



Gating technique 

Source:Standardimaging.com 



Gating technique 

• Radiation therapy delivered during certain phases of 
the respiratory cycles, especially during end-
expiratory phase for liver tumours 



Abdominal compression 

IJROBP 2011;80:938-46 



Abdominal compression 

IJROBP 2008;71:907-15; IJROBP 2011;80:938-46 



Liver deformation by abdominal 
compression 

Liver can be deformed up to 15mm and 13% in volume by abdominal compression 

IJROBP 2011;80:938-46 



Fiducial markers 
• Important as radiographic markers to allow 

image-guided radiotherapy (IGRT) 
• Accurate positional verification can be achieved 

to allow high-dose radiation to the tumours 
sparing surrounding organs at risk 

• Fiducial markers (usually 2-4) can be either 
percutaneously or endoscopically via 
ultrasonography guidance 

• They are usually placed at the periphery of the 
tumour separated by ample distance and 
angulation for IGRT 



Fiducial markers 

Mouen et al. Gastrointest Endosc 2012 



Placement of fiducial markers under EUS 



Fiducial markers 

Good positional verification of the 
fiducials 

All 3 fiducials  
can be seen clearly 

Only 1 fiducial can  
be bearly seen 

Poor positional verification 
of the fiducials 



Our linear accelerator with ExacTrac 
(BrainLab) Image-guided Radiotherapy 
System 

Cone-beam CT scanner 

X-ray detector 

X-ray tube 

Infrared tracking system 
with Real-time Patient 
Management System 



X-ray detector 

Infrared detector 



Positional verification before 
treatment 

• Exactrac patient monitoring (BrainLab AG, 
Germany) 

• On-board imaging 
• Cone-beam CT scan 



ExacTrac positional verification 



On-board imaging – AP position 



On-board imaging – Lateral position 



Cone-beam CT imaging 

Courtesy of Dr. CL Chiang 



Tracking of respiratory cycles 
during SBRT 
• Achieved by Real-time Patient Management Systems 

(RPM) (Varian Medical Systems, Palo Alto, CA, USA) 
• Consists of an infrared reflective block and an infrared 

tracking camera. The reflective block is placed on the 
anterior abdominal skin surface 

• The infrared camera then tracks motion of the 
reflective block 

• The up-and-down breathing movements of the 
abdominal wall shown by the motion of the reflective 
blocks will reflect the whole respiratory phase 



Real-time Patient Management 
Systems (RPM) 

Tsang et al. Hong Kong Med J 2014;20:529-36  



GTV, CTV, ITV and PTV 
• Gross tumour volume (GTV) 
▫ The grossly demonstrable lesion on CT and MRI 
▫ MRI with contrast for better delineation of target 

lesion 
• Clincal target volume (CTV) 
▫ The volume of the lesion which takes into account 

of occult microscopic spread of the disease 
▫ Usually GTV=CTV in SBRT, ie no margin added from 

GTV to CTV 
▫ Occasionally may be 2mm margin around GTV is 

added for individual cases 



GTV, CTV, ITV and PTV 
• Internal target volume (ITV) 
▫ The volume of the lesion which takes the 

physiological motion of the patient/tumour into 
account 

▫ No margin if treated with ABC technique 
▫ If gating technique is used, ITV will be determined 

from the 4D CT images which encompass the 
whole respiratory cycle 

• Planning target volume (PTV) 
▫ The treated volume of the lesion which takes the 

setup error into account 
▫ Usually 2-3mm margin around ITV 
 



Dose fractionation 

• 5.5Gy to 9Gy per fraction for 5 fractions over 1-2 
weeks 



SBRT results 

Herman et al. Cancer 2015 



Gem + SBRT (33Gy/5Fr) + GEM 

Herman et al. Cancer 2015 

mOS 13.9 months 
(95% CI 10.2-16.7 months) 

mPFS 7.8mon ths 
(95% CI 5.8-10.2 months) 



Herman et al. Cancer 2015 



Herman et al. Cancer 2015 



SBRT vs. CFRT 

Zhong et al. Cancer 2017 (online) 



SBRT vs. CFRT 

Zhong et al. Cancer 2017 (online) 



SBRT vs. CFRT 

SBRT 

CFRT 

SBRT 
mOS 13.9 months 

CFRT 
mOS 11.6 months 

Zhong et al. Cancer 2017 (online) 



SBRT vs. CFRT (subgroup analysis) 

Zhong et al. Cancer 2017 (online) 



Systematic review of SBRT for locally 
advanced CA pancreas 

Petrelli et al. IJROBP 2017 



Petrelli et al. IJROBP 2017 





Dose escalation of SBRT 

Qing et al. Radiat Oncol 2017 



Dose escalation of SBRT 

Qing et al. Radiat Oncol 2017 



Future directions (1) 
• Heavy ion therapy e.g. carbon ion with higher 

relative biological effectiveness (RBE) and linear 
energy transfer (LET) (3-4 times higher than x-
rays, i.e. photon) leading to feasibility of further 
radiation dose escalation 
 

Kanai et al. IJROBP 1999 



Carbon ion radiotherapy for LAPC 

Kawashiro et al. BJR 2017 (online) 



Carbon ion facilities at NIRS Japan 



Carbon ion facilities at NIRS Chiba 



Land in Hong Kong sold at 2.5b USD 
last week 



Future directions (2) 
• SBRT combined with immune checkpoint inhibitors 

(against PD-1, PD-L1, CTLA-4 etc) 



Postow et al. NEJM 2012 



Abscopal effect 

Postow et al. NEJM 2012 







Durvalumab (anti-PDL1) + 
tremelimumab (anti-CTLA4) + SBRT 

Available at ClinicalTrials.gov 



Conclusion 
• Chemoradiotherapy with standard fractionation is 

the standard treatment of locally advanced 
pancreatic cancer 

• SBRT with or without concurrent chemotherapy may 
further escalate radiation dose to the tumours 
leading to better outcomes and more favourable 
toxicity profiles 

• Accurate target delineation and tumour tracking is 
essential to the success of IGRT/SBRT 

• Dose escalation by particle therapy and/or 
combination with immune checkpoint inhibitors may 
improve therapeutic ratio 



Thank you 
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