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Current state 
of automation 
in radiation 
oncology

Part 1

Hard to cover in 15 mintues
This year at AAPM annual meeting…
- 410 abstracts mention “auto”
- 56 abstracts mention “automation”
- Many focus on treatment planning 
and segmentation



Automation @ 2018 AAPM Meeting

• “AAPM Medical Physics Student Meeting: The Role of Automation in Clinics 
of the Future” (Student Meeting)

• “Automation in Radiation Therapy: Past, Present, and Future” (Edu Course)
• “Automation and Standardization of Planning, Plan Evaluation and System 

Testing Through Advanced Programming in Treatment Planning System” 
(Edu Course)

• “Intelligent Automation for Treatment Planning Workflows” (PinS) x2
• “Automation in Radiotherapy - Fasten Your Seatbelt!” (SAM Edu Course)
• “Hiding the Complexity in Treatment Planning/Automation” (SAM Sci 

Symposium)
• “Joint AAPM-ESTRO Symposium: Automated Treatment Planning in Clinical 

Practice” (SAM Edu Course)



Automation @ Annual AAPM Meeting

2016 – Washington, DC
• “Contouring and Auto-Planning” 

(SNAP Oral)

2017 – Denver, CO
• “Automated Planning and Image 

Guidance” (ePoster Discussion)
• “How to Select and Evaluate a PET 

Auto-segmentation Tool - Insights 
from AAPM TG211” (SAM Edu 
Course)

• “Auto-segmentation for Thoracic 
Radiation Treatment Planning: A 
Grand Challenge” (SAM Sci 
Symposium)



SEAAPM 2017 Scientific Meeting

• “Active-feedback checklists with automation” by Gregg Tracton (UNC) 
[workflow]

• “FMEA of manual & automated TPS commissioning” Amy Wexler (U of 
Missouri) [commissioning]

• “Automated calculation of multifocal SRS dose indices using ... scripting API” 
by Michael Trager (Duke) [plan analysis]

• “Automation of plan finalization tasks” by Lane Hayes (Cone Health) 
[workflow / documentation / dose calcs]

• “Scripting for the clinic” Edward Schreibmann (Emory) [workflow / planning]

• “Automation in a community setting” by David Wiant (Cone Health) 
[workflow / documentation]

• “Dosimetry second-checks for permanent prostate seed implants with 
[scripting]” by Todd Jenkins (Vidant) [dose calcs]

• “A comparison of filmless QA technologies for variable-aperture collimation 
in robotic radiosurgery” by Jacob Gersh [QA]

WORKFLOW
QA
PLAN ANALYSIS
COMMISSIONING
PLANNING
DOCUMENTATION
DOSE CALCS

“The new era of automation in medical physics”





Areas of automation

1. Workflow / care coordination
2. Contouring
3. Treatment planning / knowledge based
4. QA / commissioning
5. Chart review / metrics
6. Imaging and treatment delivery
7. Machine performance
8. Data analysis / radiomics



Automation focus

• Areas of repetition
• Tasks that are tedious
• Tasks that focus effort below “top of license”
• Tasks that involve transcription
• Increasing value
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Vendor Solutions - Scripting and APIs

• Aria/Eclipse/Velocity – C# (ESAPI), Web Services, MS-SQL, Visual 
Scripting

• MOSAIQ/Monaco – Triggered Scripts, Patient Access API, SQL
• MIMVista – Java
• RayStation – Python (IronPython)
• Hospital EHRs: Epic, Cerner, etc.
• Radformation – Workflow automation tools



APIs – 21st Century Cures Act

• “… that the entity has in place data sharing programs or capabilities based 
on common data elements through such mechanisms as application 
programming interfaces without the requirement for vendor-specific 
interfaces;

• […] publish application programming interfaces and associated 
documentation, with respect to health information within such records, for 
search and indexing, semantic harmonization and vocabulary translation, 
and user interface applications; and

• […] demonstrate to the satisfaction of the Secretary that health 
information from such records are able to be exchanged, accessed, and 
used through the use of application programming interfaces without 
special effort, as authorized under applicable law.”



Hospital/clinic solutions



University of Michigan: SafetyNet

• “Streamlining and automating 
QA in radiotherapy”

• "A team of medical physicists and 
software engineers worked 
together to identify opportunities 
to streamline and automate QA."

Hadley et al.: SafetyNet: streamlining and automating QA. JACMP, 17(1), 2016



University of Michigan: SafetyNet

Hadley et al.: SafetyNet: streamlining and automating QA. JACMP, 17(1), 2016



Cone Health: Post-plan Automation

0-click 
server

Automatic 
Actions

Plan 
approval 

by MD
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MD Anderson: Automatic Planning

• Lower rank = better plan quality
• Blinded review by 5 MDs

• Group 1: direct competition

• Group 2: replan of previously accepted clinical plan

Quan E et al. Automated Volumetric Modulated Arc Therapy Treatment Planning for Stage III Lung Cancer: How Does It Compare With Intensity-Modulated Radiotherapy? IJROBP 84(1), 2012.
Quan E et al. A Comprehensive Comparison of IMRT and VMAT Plan Quality for Prostate Cancer Treatment. IJROBP 83(4), 2012.
Zhang X et al. A methodology for automatic intensity-modulated radiation treatment planning for lung cancer. Phys Med. Bio. 56(13), 2011.

Best score



Future of 
automation?

Part 2



Wearable technology



Cloud computing – organizations



Smartphone



Internet of things



Siri & Alexa



Kent Phillips/Disney



Biometrics / eVisits

Images: IdentiSys Inc.



How could automation 
change roles?



Dosimetrist – Trainers
Simulation / Diagnostic Images



Dosimetrist – Pre-post automation

Pre-planners
Automation Prep

Post-planners
Evaluators



Dosimetrist – Daily / adaptive



Dosimetrists

Organization A

Organization C

Organization B



Dosimetrists
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Organization B



Physicians

Clinical data

Input 
aggregation 

and 
automated 

analysis

Irregularity?
Human 

approval/
correction

AI / DL
Recommendation

Shared clinical 
knowledge

Previous provider-
specific decisions

Intervention 
initiation



Stage T1c N0 M0 adenocarcinoma of the prostate 
with a Gleason score of 4+4, and a PSA of 5.6

Anonymous, Adam
Male
DOB: 1/1/1960

VMAT 91%

IMRT 7%

3D 2%

78Gy / 39fx 91%

60Gy / 20fx 7%

35Gy / 5fx 2%

→NCCN

Cert. req.

Cert. req.

History of present illness
History of adenocarcinoma of the prostate originally 
diagnosed in November 2015, when he was found to 
have a Gleason score 3+3 in one core. This was involving 
the left apex and only 9% of the core was involved. His 
PSA at that time was 5.7, his prostatic volume was 34 mL.
He was followed in active surveillance and underwent 
repeat biopsy on 01/10/2017 revealing 8 out of 12 cores 
involved with adenocarcinoma 1 with 3+3 Gleason score, 
3 with 3+4 Gleason score, and 3 with 4+3, in one core 
revealing 4+4. His PSA in November 2017 was 5.86, and 
prior to this in May 2017 with 7.95.  He has undergone 
metastatic workup with CT scan of the abdomen and 
pelvis and bone scan on 01/05/2018 which did not reveal 
any evidence of metastatic disease.

CBCT Daily 80%

kV/kV Daily 20%

Labs

Biopsy

Radiology

3

1



Anonymous, Adam
Male
DOB: 1/1/1960

VMAT 91%

IMRT 7%

3D 2%

Cert. req.

Cert. req.
CT 2/2/2018

Potential toxicities

Rectum, bladder Generate Consent

PTV Coverage

Bladder sparing

Rectal sparing

Femoral head sparing

90% 100%
97%

10% 50%
20%

5% 40%
15%

0% 100%
10%Approve



Physicists

Clinical data

Input 
aggregation 

and 
automated 

analysis

Yes

No
Irregularity?

Human 
analysis

Next step

Global 
knowledge



Physics – Acceptance testing

Medical Physics, 44 (7), July 2017



T Harry et al. Risk assessment of a 
new acceptance testing procedure 
for conventional linear accelerators. 
Med. Phys. 44 (11), November 2017



Copyright Alyzen Medical Physics, used with permission



Physicists – Chart checks

TG-275 - “…there is likely to be an increasing 
reliance on automation to perform a variety of 
functions related to the physics plan/chart 
review.”

Ford et al. TG-275, 2018



Conclusions: Pretreatment physics plan 
review is a key safety measure and can 
detect a high percentage of errors. 
However, the majority of errors that 
potentially could have been detected 
were not detected in this study, 
indicating the need to improve the 
pretreatment physics plan review 
performance. Suggestions for 
improvement include the automation 
of specific physics checks performed 
during the pretreatment physics plan 
review and the standardization of the 
review process.

Med. Phys. 43 (9), September 2016



Common Radiation 
Therapy Timeline

Consult Schedule & 
Wait Sim Target Plan QA Tx

5 – 20 days typical

Future Radiation 
Therapy Timeline?

Consult

Same or next day?

Radiation therapy timeline



https://newsroom.clevelandclinic.org/2017/06/05/cleveland-clinic-research-shows-time-
initiating-cancer-therapy-increasing-associated-worsened-survival/

• Study Design
• 3.7M patients from National Cancer Database (2004-2013)
• # days between diagnosis 1st tx for newly diagnosed w/early-stage solid-tumor cancers

• Findings
• Median time between diag & tx (“time to treatment initiation” or TTI) has increased 

from 21 days in 2004 to 29 days in 2013
• Longer delays between diag & initial tx associated with worsened overall survival for 

stages I and II breast, lung, renal and pancreas cancers, and stage II colorectal cancers, 
with increased risk of mortality of 1.2 percent to 3.2 percent per week of delay, 
adjusting for comorbidities and other variables

• Prolonged TTI >6w associated w/substantially worsened survival. For example, 5y 
survival for stage I NSCLC for TTI <6w was 56% vs. 43% for TTI >6w; and for stage I 
pancreas cancer was 38% vs. 29%, respectively.

Outcomes Correlate to Time to Treatment Initiation (TTI)



ASTRO 2017 Keynote Address

"Man has to partner with 
machine and data science 
to make informed decisions. 
It's absolutely inevitable."

Richard Zane, MD
Chief Innovation Officer

University of Colorado Health System

https://www.astro.org/17vmpreview/
Zane R. Can Innovation and the Digital Revolution Save Healthcare? ASTRO Annual Meeting Keynote, 2017.







Thank you!


