
Automation in Patient-Specific 
and Machine QA
Are We Ready to Go?

Chengyu Shi, Ph.D.
Memorial Sloan Kettering Cancer Center
60th Annual Meeting of AAPM
Nashville, TN



Disclosure

I owe to my colleagues for their excellent works on this talk…

Binbin Wu
Sean Berry
Ping Wang
Albert Wang
Maria Chan
MP Computer Services 
Treatment Planning
Dosimetry Groups 
Margie Hunt
Joe Deasy



Automation in Radiotherapy
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Agenda

Auto Plan Checking

Daily Email on QA Results

Machine Performance Check (MPC)

PSQA with Machine Learning



Auto Plan Checking [1]



Auto Plan Checking [2]



Auto Plan Checking [3]



Auto Plan Checking [4]

Plan is ready to go?



Traditional and Forthcoming IMRT/VMAT QA

 Point measurement, MU check, 
Fluence measurement

 Clinical-relevant IMRT QA
 3DVHTM/CompassTM

 Phantom-less IMRT QA
 DynaLog files/R&V output

 Software-based IMRT QA
 Separate QA_Sys & QC_Pt

 In-vivo Portal Dosimetry
 PerFRACTIONTM/AdaptivoTM

 Virtual IMRT QA
 Machine-learning

MSK QA



MSK comprehensive QA program encompasses the extensive system QA, 
complete patient QC (pre/post-tx), and intra-tx IGRT

QA System QC Patient

Extensive Linac QA

PD of Picket-Fence
Pre/post/intra tx QC



Daily Treatment Delivery Automation 
QA



Daily Log (Dynalog/Trajectory) Automation Analysis

Leaf motion 
0.5mm (TB) 
and 2mm (C-
series)

MLC 
Tolerances

Planned vs. 
Delivered 
<5%

MU 
Tolerances

1 degree

Gantry/Coll 
Tolerances



Bank A: Deviation Event (>0.1 mm) Map
01/02/2015 to 05/02/2017:124 weeks with 28313 trajectory logs. 

Systematic deviations for all Bank A leafs.
After 09/09/2015, the systematic deviations were gone.
No events in service report correspond to 9/9/2015 issue.  
After 11/12/2016, the systematic deviations were gone.
On Saturday 11/12/2016, Varian rebuild Bank A MLC.



Bank B: Deviation Event (>0.1 mm) Map

01/02/2015 to 05/02/2017: 124 weeks with 28313 trajectory logs. 

Few deviation errors happened after Monday, 8/29/2016.
Varian did MLC PMI on Saturday, 8/27/2016
Varian rebuild Bank B MLC on 9/17/2016 and 9/26/2016.



Daily Treatment Delivery Automation QA



Daily Treatment Delivery Automation QA



ARIA/Eclipse Database Analysis

Back up 
calibration 

files, bin files, 
and important 
database files 
daily 24 hours

Compare the 
previous data 

backup vs. 
current data 

file using CRC 
checking

Send out 
warning 

messages if 
there are  

differences

Check all 
databases 

every 30 hours



Machine Performance Check (MPC)



Failing Rate = 100 – passing rate = exβT

-x is dimensional vector
-βT is the transpose of a constant vector
with the same dimensions as x
-β is estimated as the constant vector
maximizing the conditional probability
of obtaining β giving our dataset of failing 
rates and complexity metrics

IMRT QA using Machine Learning [1]

Collected IMRT QA data: 
MapCHECK2 (n=498)

Portal dosimetry (n=203)

SQL queries on 
Eclipse database

Matlab functions to 
extract the features

Calculation of all complexity 
metrics affecting pass rates

Adjust baseline with 
known pass rates

Test new cases on 
modified model

Re-train 
model

Building virtual 
IMRT QA model

Statistical results 
as feedback

Identify the 
most important 
features that 
affect the 
passing rates

Virtual IMRT QA 
predicts local 
passing rates 
based on 
planning 
parameters

Valdes G, Chan MF et al. JACMP, 2017



Need >200 plans to get 
a flat learning curve for 
a new Virtual QA model 

IMRT QA using Machine Learning [2]

Residual error
@ Penn
MapCHECK

Residual error
@ MSKCC
Portal Dosimetry

Valdes G et al. Med Phys, 2016

Valdes G, Chan MF et al. JACMP, 2017



Summary

Auto TP & 
Linacs QA 

implemented 
in different 

steps at 
MSKCC

The more 
complex of QA 

procedures, 
the more 

automation is 
needed

Although it is 
not a one-click 
solution yet, it 

is getting 
closer

Automation 
QA era is 
coming!
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