
AAPM 2021-SAM Session 7/25/2021

Josh Niedzielski, PhD

Chief Resident, Dept of Radiation Physics

MD Anderson Cancer Center

Importance of daily adaption for the management 
of liver and pancreas patients receiving SBRT



MD Anderson 

Conflicts of Interest

2

•Nothing to disclose

AAPM 2021 SAM Session - Liver & Pancreas ART



MD Anderson 

Adaptive Radiation Therapy (ART)

AAPM 2021 SAM Session - Liver & Pancreas ART

• Many clinical scenarios we can 

adapt to

• Anatomical adaptation

• Intrafractional motion

• Interfractional motion

• Anatomical changes
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“Radiotherapy where the delivered dose is 

monitored for clinical acceptability during the 

course of treatment and modified as needed 

with the goal of improving clinical 

outcomes.”
Matuszak et al. 2019, Seminar Radiat Oncol
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Adaptive Radiation Therapy (ART)

AAPM 2021 SAM Session - Liver & Pancreas ART

• Many clinical scenarios we can 

adapt to

• Anatomical adaptation

• Intrafractional motion

• Interfractional motion

• Anatomical changes

• This presentation will focus on these 

characteristics
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“Radiotherapy where the delivered dose is 

monitored for clinical acceptability during the 

course of treatment and modified as needed 

with the goal of improving clinical 

outcomes.”
Matuszak et al. 2019, Seminar Radiat Oncol
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Outline
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• CT-on-rails (CTOR) guided pancreas/liver SBRT at MDACC

• Dose-escalation & ART for liver/pancreatic cancer

• Pancreas example

• Discussion
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Pancreas/Liver Adaptive SBRT at MD Anderson
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Pancreas/Liver SBRT at MD Anderson
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Simulation
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Pancreas/Liver SBRT at MD Anderson
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Contrast-enhanced BHCTs

Figure courtesy of Peter Park, PhD
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Pancreas/Liver SBRT at MD Anderson
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Treatment Planning

• Liver 

• Rx = 50 Gy in 4 Fxs

• Pancreas

• Rx for up to 3 PTVs

• Rx 33-40Gy (high dose PTV)

• Fiducial markers not typical

Conv. RT SBRT

Duodenum
Dmax < 60 Gy Dmax < 40 Gy

V54Gy < 1 cc V35Gy < 1 cc

Small Bowel
Dmax < 54 Gy Dmax < 40 Gy

V45Gy < 1 cc V35Gy < 1 cc

Large Bowel
Dmax < 60 Gy Dmax < 40 Gy

V54Gy < 1 cc V35Gy < 1 cc

Stomach
Dmax < 60 Gy Dmax < 40 Gy

V54Gy < 1 cc V35Gy < 1 cc

Liver
Dmean < 28 Gy Dmean < 16 Gy

aV15 < 700cc

Normal Tissue Constraints

9



MD Anderson 

Pancreas SBRT at MD Anderson
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Treatment Planning

• Special ROIs: TVI, GI-PRV 

• Rxs

• 33, 36, 40 Gy common

• Variable PTV strategies

• PTV 25: 25 Gy to GTV+3mm

• PTV 33: 33Gy to GTV+3mm – GI-PRV

• PTV 36: 36 Gy to TVI+3mm – GI-PRV

Image courtesy of Gabriel Sawakuchi, PhD

TVI: tumor vessel interface

GI-PRV: gastrointestinal planning organ at risk volume
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Pancreas/Liver SBRT at MD Anderson
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Rx = 36 Gy
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Pancreas/Liver SBRT at MD Anderson
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Treatment delivery

• NPO 3 hrs

• IMRT, varian 2100 series

• RPM respiratory breath-hold 

gating

• CT-on-rails, in-room CT for 

image guidance Image courtesy of Gabriel Sawakuchi, PhD
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Pancreas/Liver SBRT at MD Anderson
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Image Guidance

• Load CTOR image

• Apply rigid alignment to VB

• Physician will align to target

• Planning isodose lines saved 

as ROIs for reference

• Allows avoidance of OARs & 

coverage of target
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Pancreas/Liver SBRT at MD Anderson
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Example of Image Guidance

Slide courtesy of Albert Koong, MD, PhD

Day 1: Bowel invading 

into high dose 

gradient (red & yellow 

isodose lines)

5 hours later: no 

improvement

Day 2: Bowel out of 

high dose gradient
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Pancreas/Liver SBRT at MD Anderson
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Example of Image Guidance

• Simple form of adaptation

• Only move couch (aka Tx Iso)

• No plan re-optimization

Slide courtesy of Albert Koong, MD, PhD

Day 1: Bowel invading 

into high dose 

gradient (red & yellow 

isodose lines)

5 hours later: no 

improvement

Day 2: Bowel out of 

high dose gradient
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Simulated Daily ART Strategy (Pancreas)
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Daily ART w/plan re-optimization

• Compare clinically planned SBRT dose to:

1. Clinical delivered dose

2. Daily re-optimized delivered dose

• Re-optimization strategy:

• Maintain beam arrangement

• Attempt to regain clinical plan target coverage

• Maintain OAR constraints

• Accumulate dose and compare

• 8 LAPC pts, 5-Fx SBRT Tx (Rx=33/36Gy)

Niedzielski et al. 2021, Red Journal [Submitted]
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Simulated Daily ART Strategy (Pancreas)
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Results

• Re-optimization was a rapid process 

(~10 mins)

• Can be large difference b/w planned 

& delivered dose

• Re-optimization can regain target 

coverage for many patients

Niedzielski et al. 2021, Red Journal [Submitted]
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Dose-Escalated SBRT for Liver and Pancreas Cancer
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Tumor (α/β=10)
Number of Fractions

25 15 10 5 3 1

R
x
 D

o
se

 (
G

y
) 30.0 33.6 36.0 39.0 48.0 60.0 120.0

33.0 37.4 40.3 43.9 54.8 69.3 141.9

36.0 41.2 44.6 49.0 61.9 79.2 165.6

40.0 46.4 50.7 56.0 72.0 93.3 200.0

50.0 60.0 66.7 75.0 100.0 133.3 300.0

60.0 74.4 84.0 96.0 132.0 155.8 357.5
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RT Dose-escalation for Pancreatic Cancer
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• Reyngold et al. 2021 (JAMA Oncol)

• LAPC (n=119)

• Ablative DE RT

• BED = 98Gy

• 1-yr FFLP = 82.4%

• 1-yr OS = 74%

• Krishnan et al. 2016 (Red Journal)

• LAPC (n=200), Induction Chemo + CRT

• 47 received SIB to >70 Gy BED

• DE arm had superior OS

• 3-yr: 31% vs. 9%

• Arcelli et al. 2020 (Anticancer Res)

• LAPC with SBRT (BED = 28-78 Gy)

• BED > 48 Gy improved OS, LC

CRT: chemoradiation therapy

SBRT: stereotactic body radiation therapy

BED: Biological effective dose

LAPC: Locally advanced pancreas cancer
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RT Dose-escalation for Liver Cancer
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Schaub et al. 2018, Technol Cancer Res Treat
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Dose-escalation techniques
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• Historically, modify the RT plan

• Clinical data

• Imaging data (tumor extent, 

motion, etc.)

• Incorporating mulitple

PTVs/CTVs & SIBs

• Generally not an adaptive 

approach

Simoni et al. 2021, Clin Oncol

Mazzarotto et al. 2020, Front Oncol
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Dose-Escalation & Daily ART

24AAPM 2021 SAM Session - Liver & Pancreas ART

• Daily adaptation and dose-

escalation are synergistic

• Avoid target miss while 

preserving OAR constraints

• Ongoing studies, mainly for 

MR-linac (stay tuned, next talk!)

Day 1: Bowel invading 

into high dose 

gradient (red & yellow 

isodose lines)

5 hours later: no 

improvement

Day 2: Bowel out of 

high dose gradient
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Dose-Escalation & Daily ART
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Adaptive DE SBRT w/CTOR 

• 8 LAPC pts, 5-Fx SBRT (Rx=33/36Gy)

• Iterative DE planning on each Fx

• Re-plan on each Fx CTOR imageset

• DE-PTV and SIBs to GTV &TVI

• OAR constraints limit Rx

• Accumulate dose

• Compare to clinical plan & clinically delivered dose

Niedzielski et al. 2021, Red Journal [Submitted]
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Dose-Escalation & Daily ART

26AAPM 2021 SAM Session - Liver & Pancreas ART

Results

• Iterative DE plans provide 

much higher coverage

• DE w/o daily adaptation 

can lose coverage

• Daily DE ART very 

similar to planned DE 

doses
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Final Thoughts
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Discussion
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• Adaptive SBRT has great potential for treating both liver & pancreatic cancer 

• Interfractional motion is large hurdle for optimal treatments

• Image guidance is critical

• Adaptive approaches show promise in remedying interfractional motion effects

• Combined dose-escalation and adaptive strategies show great promise 

• High quality imaging is pivotal component → MR-linac…

• Intrafractional motion must also be considered →MR-linac…
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