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Note this handout is comprised of:

• Original slides, with

• A clarification on slide 34 indicating that FSRT in 
Kingston is limited to the 6 DoF equipped linacs based 
on the results of  the E2E QA comparison presented, 
my narration did not make this clear,

• An added acknowledgment slide removed in narrated 
talk because of timing,

• A reprint of my J Phys Conf  Series E2E QA open source 
paper in the reference list.

LJ Schreiner, End to End QA, AAPM/COMP 2020



Over the years I have had the pleasure of  working with 
various companies to test and develop ideas.

• Modus QA and BEST Theratronics
o Testing readout systems, dosimeters, even treatment units 

under development, sharing software ideas….

• Work also supported by national and provincial 
granting agencies: CIHR, NSERC, CHRP, OCAIRO
o No $ personal gain, but valuable in-kind research support.

o Significant other personal and professional  gain.

Disclosure



Introduction:

(Schreiner, 
JPhysConfSer 2019)

• Over the last 4 days we have seen that modern Radiation 
Therapy is complicated.



Radiation Therapy involves a chain of  events in a clinical workflow

Figure 19.1  Generalized chain of events in the 
treatment process for complex RT.

(Followill, Clark, & Kron, 2018)

(Alexander, 2019)



Radiation therapy treatments are a multi-step endeavour:  
• typically consisting of  many interdependent processes 

• with multiple interchanges and modifications at various points 
• based on decisions by clinical staff  interpreting information 

acquired during the patient’s treatment course 

• While individual links of  the radiation therapy treatment process 
chain are tested on a routine basis in conventional physics and RT 
QA, testing the entire process from start to finish is less common.

Introduction: Motivates End to End testing



Radiation therapy treatments are a multi-step endeavour:  
• typically consisting of  many interdependent processes 

• with multiple interchanges and modifications at various points 
• based on decisions by clinical staff  interpreting information acquired during the patient’s 

treatment course 
• While individual steps of  the radiation therapy treatment process are tested on a routine basis, 

testing the entire process from start to finish is less common.

• In this Education Session we are advocating that it would be 
advantageous to evaluate the entire RT treatment process more 
regularly in the clinic using End to End (E2E) QA tests.  

Introduction: Motivates End to End testing



End to End (E2E testing)

E2E QA originated in computer science:

• a testing method used to determine whether a software 
application performs as required in the field, 
• the testing is performed from start to finish under 

real-world scenarios. 

• E2E tests are designed to determine whether the application 
communicates as required with hardware, networks, databases 
and other applications. 



End to End (E2E testing)

For radiation therapy:

• An E2E QA test is an audit methodology that tests 
whether all of  the components in the treatment 
process function in a manner such that the desired 
radiation dose is delivered accurately only to the 
intended spatial location.

(Followill, Clark, & Kron, 2018)



• Set up some RT process 

… how 
do we 
know we 
aren’t 
doing

End to End (E2E testing)

….. to do 



As we advance Radiation Therapy: the need for process QA is increasing

(Schreiner, 
JPhysConfSer 2019)



To date in the clinic

E2E QA use is typically practiced in:
• External audit programs 

• using phantom E2E testing by independent credentialing programs 
(e.g., IROC) to validate specific radiation therapy deliveries

• often as a requirement before joining a specific clinical trial
• Delivery validation of  a new technique or protocol in the local clinic prior 

to roll out and adoption
• Local commissioning and validation of  new treatment tools and devices 

during development and clinical implementation



E2E in RT practice (I): External audits

Figure 19.2  IROC Houston family of 
photon phantoms.

• External audit programs such as Houston IROC 
(formerly RPC) center service for credentialing 
programs before clinical trial approval. 

• For E2E phantom irradiations:
• Phantoms contain PTVs, OARs and hold 

point dosimeters and radiochromic film.
• Institutions directed to perform imaging, and 

treatment planning using IMRT techniques, 
and then deliver the treatment to the 
phantom.

• The experience from these external E2E  services are 
nicely reviewed in the literature (see ref  list at end)

• There is value in testing the entire RT process

(Followill, Clark, & Kron, 2018)



The passing rate well over 1000 irradiations at over 775 distinct institutions has 
increased steadily since the phantoms’ introduction. 

External E2E experience: IROC phantom irradiation pass rates

(Followill, Clark, & Kron, 2018)(Ibbott, 2007)

Historical 2015

Site Technique Acceptable 
(%)

Acceptable (%)

H&N IMRT 84 90

Pelvis  IMRT 85 69*

Lung  3DCRT/IMRT 83 87

Spine  IMRT 75 92

Liver  3DCRT/IMRT 71 79

Table 19.4 IROC Houston E2E QA phantom pass rate for 
its five photon phantoms.

* Prostate phantom only sent to sites just implementing IMRT

70% 75% 57% 50%



• Some institutions that had to irradiate the phantoms again to pass the IROC delivery 
criteria noted that the E2E tests had shown deficiencies
• in different treatment planning system algorithms, or 
• in the modelling of  components in the delivery systems. 

• E2E phantom audits detected imaging, data transfer and delivery errors not detected 
• in the institution's regular IMRT QA programs, nor
• by the institution’s completion of  clinical trial benchmark treatment planning exercises.

• Independent E2E QA audit was capable of  detecting dosimetry errors that might 
otherwise go undetected.

• The use of  the phantom E2E testing required institutions to understand the protocols 
and test their new technologies on plastic patients before a real patient.

External E2E experience: IROC phantom irradiations

• (Ibbott and Thwaites, JPhysConfSer 2015)



E2E in RT practice (II): new techniques

(Schreiner, JPhysConfSer, 2015)

• QA validation of  a new 
technique prior to roll out 
in the clinic.

• Measurement of  test cases 
planned in phantom to 
ensure correct performance 
and (perhaps) establish 
benchmark data for each 
particular treatment 
protocol.

• e.g., AAPM Medical Physics Guidelines, SBRT 
TG,  IAEA Technical Report series 430 …



Pre clinical E2E QA: H&N IMRT in Kingston

• A simple/primitive phantom
• E2E testing was essentially 

performed only by physics 
staff.

• Did provide considerable 
confidence in clinical roll-out

(Schreiner et al., Proc IDOS IAEA, 2011)



• Example, FSRT treatment of  brain metastases at CCSEO:

E2E Validation prior to roll out of  a new technique



Pre clinical E2E QA: FSRT in Kingston

• A simple/primitive phantom
• E2E testing was essentially 

performed only by physics 
staff.

• Did provide considerable 
confidence in clinical roll-out

(Lalonde et al., IUPESM World Congress, Toronto, 2015)



E2E in RT practice (III): validating new devices

• E2E QA is also often used in the performance and dose delivery validation of  
novel developing treatment devices.

• Example 1: Elekta MR-linac

RT Safe PseudoPatientTM phantoms

Post irradiation MR image of  
irradiated phantom, darker 
areas at higher doses.

(Pappas et al., PhysMedBiol 2019)

T2 maps of  post irradiation scans 
with measured (dashed) and TPS 
(solid) dose contours .



E2E in RT practice (III): validating new devices or techniques

• Example 2: Real time dosimetry on an MR-linac

Irradiated FOX dosimeter and 
post-irradiated T1-weighted images

Real-time volumetric images of  FOX gel irradiated 
from 0 to 30 Gy to the center.

• (Lee, Ibbott et al., PhysMedBiol 2018)

• Mark Oldham will be saying more on this in his talk



Clinical E2E QA

• E2E tests are not commonly in the QA rotations 
in most clinics.

• Why?



E2E QA: what are the tools required?

Phantoms?



E2E QA: what are the tools required?

Dosimeters?

CCSEO

Gel dosimeters
PRESAGE

Radiochromic plastic

FXGNIPAM

LCV micelle

ClearViewTM dosimeters

GafChromicTM film



Data analysis software?

Planned vs. measured

E2E QA: what are the tools required?

(Alexander et al., BiomedPhysEngExpress 
2018)



Commercial service providers for various systems and dosimeters:

o GeVero, Poland (www.polygevero.com)  3D dosimetry tools (analysis software, 3D dosimeters) phantoms

o Heuris Pharma, USA (www.presage3d.com) 3D dosimeters

o MGS Research Inc., USA (www.mgsresearch.com)    dosimeters, remote E2E QA, 3D dosimetry tools

o RT Safe, Greece (www.rt-safe.com)    remote E2E QA, 3D dosimeters, phantoms

o Modus QA, Canada (www.modusqa.com)    dosimeters, 3D dosimetry 
tools, phantoms, remote E2E QA

o MD Anderson Phantom Laboratory 
(http://rpc.mdanderson.org)    remote E2E QA, phantoms

E2E Testing: Commercial Solutions    (note somewhat 3D Dosimetry biased)



Can one establish in-house E2E QA programs

• E2E tests are not in common the QA rotations in most 
clinics.

• But can they easily be established in-house, and what is 
involved?

• Kevin Alexander asked these questions in his recent PhD 
thesis at Queen’s University. (Alexander, Queen’s University 2019)



Implementing in-house E2E QA: 3D Printing

• Prusa i3 MK3 3D Printer

• Two applications:
– Custom patient bolus

– Anthropomorphic phantoms Infill Density

10 % 25 % 50 %

Infill Patterns

4 types of  PLA
(undoped, Al, Cu, 

Fe doped)



Implementing in-house E2E QA: 3D Printing a Phantom

Material characterization for an anthropomorphic phantom

PLA-Cu & 
PLA-Fe

PLA & 
PLA-Al



Phantom Design - Skull

• Skull was designed based on a CT of  Rando phantom

• Cylindrical cavity added in skull region

• Brain region filled with water



Phantom Design – Skull + Superficial tissue + Dosimeters

Gel jar Film insert
(3 planes)

Ion chamber
insert

Mouldable plastic skin layer
(CT Number ~ 60 HU) Many dosimeters! Film insert in place



Head Phantom: E2E QA process of  our clinical FSRT protocol

CT Simulation Treatment Planning
Set-up

Image-guided registrationDelivery
Dose

Verification



E2E QA - Treatment Planning

Target:  Four brain mets.
– 1-2 cm dia. each 

• Clinical dose:  
– 32.5 Gy in 5 fx

• Phantom dose:  
– Scaled based on dosimeter sensitivity

• Technique:
– Two coplanar 6 MV arcs and one non-

coplanar arc

• Delivery:
– 4 DOF and 6 DOF couch



Dose Delivery Validation – 6 DOF Couch



Dose Delivery 4 DoF vs 6 DoF couches – gamma maps

• Gamma results 
(3%/1mm) confirmed 
improved results for 
FSRT performed on 6 
DoF couch over 4 
DoF

• CCSEO has limited 
FSRT treatments to 
our two 6 DoF
enabled linacs



E2E QA:  WHO does WHAT

CT Simulation
(performed by RTs)

Treatment Planning
(performed by Dosimetrists)

Set-up
(performed by RTs)

Image-guided registration
(performed by RTs)

Delivery
(performed by RTs)

Dose
Verification

(performed by physics)



End-to-End QA – Conclusions from local study 

• This E2E test is a step forward in mimicking the clinical scenario.
• One can establish in-house a system to enable E2E testing in the 

clinic.
• Integral to this QA system is the ability to have clinical staff  involved 

in every step of  the process.
– Our initial implementation showed it was well accepted by the RT team 

members and that clinical workflow demands were reasonable and well 
tolerated

• Results answered some clinical questions and added confidence to the 
team.



E2E QA: Some Observations and Limitations

• E2E tests give one snapshot in time of  the delivery process
• One reason not to rest all E2E QA on initial external audit QA

• E2E QA tests whether ALL the components of  the treatment process 
are functioning as desired.
• If  the E2E test fails then discrepancy must be investigated
• Requires the staff  to understand the details of  RT process well 

enough to be able to isolate cause of  failure. 
• Thus E2E QA cannot fully replace standard physics and RT QA



Final Words: a direct quote from the experts

“ End-to-end tests are an important component of quality 
radiotherapy. As complexity of radiotherapy techniques and 
technologies increases they become essential to ensure both safe 
implementation and safe and efficient practice. 

While the approaches taken to end-to-end testing across the 
world differ due to historical, resource and demand reasons they 
all share the same goal: to improve radiotherapy practice and 
ensure consistent and safe application. 

This is important not only for clinical practice but also for the 
clinical research that underpins evidence-based medicine. ”

(Followill, Clark, & Kron, 2018)



Particularly Kevin Alexander, Tim Olding and Kurtis Dekker 
who worked on reported local E2E implementation

Many thanks: all the folk who have helped form my thinking on this….

Great colleagues in IC3D dose community :

Graduate students and 
colleagues at CCSEO 
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Abstract. It has been suggested that modern radiation therapy could benefit from adopting the 
“End to End” (E2E) type of testing developed originally in computer science to determine 
whether applications and systems work as required under real-world scenarios. The motivation 
for adopting E2E techniques for image guided adaptive radiation therapy validation is to 
extend beyond current common testing using standard physics QA that inherently probes only 
select points or systems within the IGART schema. E2E methodologies extend the testing to 
evaluate complete IGART processes, including the complex interchanges that occur during and 
throughout a patient’s treatment as clinical staff interpret and respond to information acquired 
during the treatment course. 

While limited radiotherapy E2E QA may have been adopted periodically by clinics when 
implementing a new treatment technique, clinical E2E QA has been confined to date mainly to 
tests mediated by external auditing bodies such as IROC, the Imaging and Radiation Oncology 
Core in the United States. This testing often includes having the clinic in question irradiate a 
purpose-built phantom containing dosimeters to specific criteria under protocols set by the 
auditing body. The auditors then determine off site whether the clinic’s treatment process was 
successful by comparing the dose measurements with the intended dose delivery.   

The advance of three dimensional (3D) radiation dosimeters opens the possibility for in-
house E2E testing. Approaches for in-house E2E testing have been proposed for over a decade, 
but such comprehensive internal E2E testing has not been widely adopted. In this presentation 
the barriers and challenges to the development of clinical in-house E2E QA will be reviewed 
primarily based on the experience in Kingston. 

1.  Introduction 
“End to End testing” is a testing method originating in computer science and used to determine 
whether a software application performs as required in the field: the testing is performed from start to 
finish under real-world scenarios. End to end (E2E) tests are designed to determine whether an 
application or system communicates and interacts as required for proper functionality with hardware, 
networks, databases and other applications. It has been proposed for over a decade [1-4] that modern 
radiation therapy could benefit from adopting E2E methodology in the clinic, particularly as these 
modern techniques advance to image guided adaptive radiation therapy (IGART). Many of these 
proposals have suggested that the potential for clinical E2E is facilitated by the three dimensional (3D) 
dosimeters and other advanced dosimeters that are being discussed throughout this conference.  
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The motivation for the development of in-house E2E testing is that these techniques could provide 
additional quality assurance (QA) that addresses one inherent feature of IGART: IGART techniques 
incorporate multiple processes (see Figure 1), each of which demands a complex interchange during 
which a patient’s treatment may be modified at various points based on decisions by clinical staff who 
interpret information acquired during the treatment course. While physics QA would have been 
performed to validate the hardware used in, or systems in place at, individual steps in the process (e.g., 
through machine QA) such conventional QA does not by its nature validate the overall treatment 
process. Establishing regular in-house E2E quality assurance (QA) within treatment clinics would 
facilitate more regular validation of the processes involved in modern radiation therapy. 

 
 

 

 
Figure 1. An illustration that captures the nature of the processes that can be ascribed to image guided adaptive 
radiation therapy. Some of the adaptive processes, particularly for intrafraction patient set up correction and 
motion management, are already in common clinical practice, as are some interfraction corrections, for example, 
plan adaptation with patient volume changes through the course of the treatment. Other processes, such as 
adaptive response to deformation of targets and organ at risks and dose correction to account for dose coverage 
mismatch in previous fractions, are still in development. 

2.  Current E2E Radiotherapy Testing in the Clinic 
Currently clinical radiotherapy E2E QA is practiced only selectively in the clinic. One common 
utilization of E2E testing occurs when a cancer centre joins a cooperative multi-centre clinical trial 
[5,6]. The validation and acceptance criteria from the clinical trial group will generally include an 
evaluation and review of the technical components of a clinic’s radiation planning and delivery 
capabilities. This review will generally include an E2E test and audit mediated by an external auditing 
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body such as IROC-H, the Imaging and Radiation Oncology Core-Houston, TX. The IROC-H E2E 
testing incorporates a component in which specific purpose-built IROC phantoms containing imaging 
markers and dosimeters are irradiated by the centre to specific criteria under the planning and 
treatment protocols set by IROC-H. The auditing centre validates that the treatment process was 
successful by comparing the dosimetry measurements with the intended dose delivery criteria. A 
detailed analysis of external audits is beyond the scope of this report, but there are excellent reviews in 
the literature; those by Ibbott [5] and Followill et al. [6] are particularly well detailed.  

There are some general observations one can make from the experience of these external E2E 
audits [5,6]. The first is that in spite of the fact that the vast majority of centres coming into the 
external audits were well established in the IMRT and advanced IGART techniques being audited with 
well-defined in-house physics QA programs, a significant fraction of centres did not pass the initial 
IROC-H audits, particularly in the early days of the testing. The E2E testing indicated that some 
previously unidentified deficiencies still existed somewhere in the complete treatment chain being 
audited. Secondly, as time went on, the passing rates for the audits with the particular phantoms used 
for specific treatment sites (e.g., head and neck, lung, prostate, etc.) generally all improved 
consistently [6]. For example between 2001, when first introduced, and 2011, the pass rate for the 
IROC-H head and neck phantom improved from 61% to 91% [5]. The evidence from external audits 
has shown that regular IGRT process QA can help improve the consistency of IGRT delivery within a 
specific clinic and across institutions that participate in cooperative clinical trials.  

A second implementation of clinical E2E testing that occurs more regularly in a clinic is during the 
development, commissioning and implementation of treatment techniques new to the cancer centre. 
The implementation of rigorous commissioning and proactive testing has resulted in part because of 
the treatment communities’ experience with the external audits described above. The results from the 
IROC-H type audits have identified that prior in-house testing using phantom based planning and 
irradiation to ensure that trial protocols are well understood and deliverable before the external audit 
help improve audit results. Many in the community have extended such prior testing to the 
commissioning of new advanced treatment techniques they are adopting in the clinic. An example of 
such phantom based E2E testing was reported in the very early days of 3D dosimetry [7]. Figure 2 
below shows some examples of such E2E approaches in Kingston. We have over many years adopted 
a strategy of testing new techniques on purpose-built phantoms before a first patient is irradiated with 
that technique.  Depending on the technique the test phantoms may be anthropomorphic, in order to 
best test required patient set-up procedures or to better mimic internal structures for dosimetry 
evaluation. In some cases (e.g., for testing fractionated stereotactic radiation therapy (FSRT) delivery), 
more conventional ‘physics type’ phantoms have been used because they can better accommodate well 
positioned dosimeters [10]. In all cases the process has been to CT image, plan and irradiate the 
phantom with the same procedures as would be used on a patient. Such E2E validation has proved a 
valuable component of technical commissioning. The testing has helped identify some technical and 
process challenges and has informed modifications of the planned approaches for the new technique 
prior to patient use. 

The already adopted external and internal commissioning E2E testing described in the last three 
paragraphs provides a strong indication that clinical programs benefit from E2E testing. However, it 
has been noted [6] that these current E2E testing approaches only present a validation of the IGART 
protocol being tested at one specific point in time. Hence it is a snapshot that may not continue to 
reflect conditions in the clinic as techniques become more familiar and less special, as processes 
evolve, and as staff change. This suggests that more regular E2E testing, perhaps a few times a year 
for some of the more involved treatment protocols, may be indicated. 

3.  Advancing E2E Testing in the Radiotherapy Clinic 
The discussion above motivates the main points of this brief review: i) that modern radiation therapy 
would benefit from more regular in-house E2E testing for clinical IGART process quality control, and 
ii) that such in-house E2E QA is feasible because the systems to enable such testing are now in place. 
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The availability of improved radiation dosimeters (both 3D and other) that can be inserted into 
phantoms, the ability of treatment planning systems dose calculation algorithms to accommodate that 
phantoms used are not perfectly anthropomorphic or tissue equivalent, and the increased availability of 
phantoms (purchased or manufactured in-house, see Figure 3) all make regular in-house E2E testing 
achievable.  And vendors such as GeVero [Poland, www.polygevero.com], Heuris Pharma [USA, 
www.presage3d.com], MGS Research Inc. [USA, www.mgsresearch.com], Modus QA [Canada, 
www.modusqa.com], and RT Safe [Greece, www.rt-safe.com] are now providing tests tools (including 
dosimeters, phantoms or phantom inserts, and data analysis services) to assist in the regular adoption 
of E2E within the clinic.   
 

a) 
 
 

 

b) Eclipse Dose  

 

c) 3D Fricke measurement 

 
 

d) 
 

 

e) 

 

f) 

 
Figure 2. Examples of E2E testing performed in Kingston during the implementation and commissioning of two 
advance radiation therapy techniques (see text). The top row (a-c) shows the in-house built anthropomorphic 
phantom and sample results of 3D IMRT delivery validation with a Fricke Gel 3D dosimeter [8]. The dose 
measurements (c) could be compared directly to (b) the planned dose distribution from the Varian Eclipse 
[Varian Medical, Palo Alto, US] doses. The bottom row shows the commissioning E2E testing for a VMAT 
enabled fractionated stereotactic radiation therapy (FSRT) delivery [9] using a solid phantom (d) which could 
hold various detectors including film (e). Panel (f) shows the correlation of the dosimetric measurements used to 
evaluate the integrity of the dose delivery prior to the first patients being irradiated. 
 
There is one further observation from the E2E testing practices described in the previous section 2 
above that should be noted before describing the recommended format for in-house E2E testing that 
will be proposed below. The E2E testing already adopted as described above is often limited in that 
the work from imaging, through set-up, to dose delivery is in most cases performed solely by members 
of the physics department. Thus the testing is, in some regards, artificial as it tests what potentially is 
achievable in the clinic but does not test the process with the specific personnel who will be treating 
the patient once the technique is implemented. (Although one might argue that some aspects of the 
testing, particularly the phantom set-up and on board image verification, might give better results if 
more experienced treatment staff are involved.) Clinical E2E testing will more appropriately and fully 
assess that a specific IGART treatment process is working as intended if the very staff involved in the 
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information analysis and treatment adaptation decisions that govern the process during a patient’s 
treatment are the staff involved in the various stages of phantom manipulation in the E2E testing. 
 

 
 

 
(a) (b) (c) 

Figure 3. The evolution of head phantoms for various clinical QA and E2E testing development in Kingston. 
The phantoms are designed to hold various dosimetry systems in geometries relevant to the clinical process 
being tested. From left to right: a) the initial H&N phantom for IMRT validation [8]; b) a wax phantom to test 
bolus placement under masks as tumour size changes and gaps appear [11]; and c) our newest phantom 3D 
printed for ongoing E2E QA. All phantoms mimic a Rando phantom included in the middle panel. The grey 
skull in the rightmost phantom has been printed with doped material to simulate bone electron density, the 
surface shell has been designed to obscure the geometric configuration of the interior phantom (which is 
modifiable) when the phantom is manipulated for imaging or treatment by the radiation therapy staff. 
 
The development of specific in-house E2E tests to provide regular process control for some modern 
image-guided adaptive radiation therapy treatment commissioning should be guided by the experience 
from external auditing groups and from past internal treatment commissioning.  The E2E test should 
be designed so that the testing procedure mimics the specific IGART process as it is to be used on a 
patient. Some phantom with specific testing systems would be prepared in-house, or perhaps 
purchased from a vendor. (Note, the rest of this description will reflect our experience that the testing 
system incorporated in the phantom has typically been some dosimeter, either point, 2D, or 3D, 
depending on the test). In any case the physics staff would prepare or purchase the dosimeter from a 
commercial vendor (examples of in-house systems would include radiochromic leucodye micelle gel, 
Fricke-gel or a polymer-gel; commercial systems might include radiochromic film, ClearView gels or 
PRESAGE radiochromic plastics). The staff would insert the dosimeter into some anthropomorphic or 
purpose-built phantom which would then be treated by the radiation therapy team as if the phantom 
were a patient. During this testing, the E2E QA would not be performed solely by the physics staff but 
rather by the whole clinical treatment team: planning therapists would perform CT simulation; 
radiation oncologists would contour structures that could be delineated in the target (perhaps using 
targeting modules that could be inserted in the anthropomorphic phantom); planners or dosimetrists 
would plan the delivery on the treatment planning system; and treatment therapists would deliver the 
treatment using the IGART approaches being assessed. This testing could extend to whichever 
adaptive processes are in regular practice in the clinic: for example, simple setup verification and 
repositioning under cone beam CT or under MR on an MR-linac, specific high precision treatments 
such as FSRT, or perhaps an adaptive procedure following tumour deformation over multiple 
fractions. At the end of the treatment process the physics group would remove and image the 3D 
dosimeter, register the dose data against the treatment planning dose distribution, and evaluate the 
results. If the clinical E2E QA passes some previously established scoring metrics (a topic in itself [6]) 
then the process being tested will have been shown to be running as intended. 

Note that the E2E QA tests whether ALL the components of the treatment process are functioning 
as desired. For this reason the E2E testing cannot fully replace the other conventional or technical 
physics hardware or systems QA tests, firstly because the treatment hardware and technical systems 
must be maintained to the high standards required a priori for safe patient treatment, and secondly, a 
full understanding of the technical functioning of the equipment, supported by well-established QA 
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records of the system behaviour, will be needed in the case that the E2E testing fails. The specific E2E 
QA will have tested the whole process in its complete chain and the E2E testing itself cannot provide 
sufficient information to specify the exact point of breakdown. Complementary QA information will 
be required in any root cause analysis [6,12].  

While presenting many advantages in the maintenance of high quality IGART, there are significant 
challenges in initiating the testing. E2E testing is resource intensive; the timing for dosimeter 
preparation and use presents challenges for incorporation into the regular clinical workflow. And 
modifying workflow to accommodate the E2E testing has human resource implications that may not 
be easily accommodated in clinical operation. But these constraints may be better understood and 
correctable as in-house E2E programs are developed and implemented. Past obstacles to E2E testing 
were removed when specific attention was directed to their resolution. For example, problems 
introduced by the timescale required for the readout and analysis of dosimetric data (particularly with 
2D and 3D systems) for full analysis and comparison with intended dose delivery as planned in the 
treatment planning system were minimised in the last few years once specific attention was directed to 
the development of specific open-source [13,14] and commercial software tools for this function. Thus 
the resource challenges are not insurmountable barriers. 

4.   Conclusion 
In closing, a unique advantage to the E2E testing presented here is the ability to mimic the specific 
adaptive IGART process as it would be applied to a patient; that is, through the complete chain of 
required data transfer, analysis and decision making (steps which are often judgment-based and not 
tested in conventional physics QA procedures). Regular (quarterly, bi-annually, etc.) performance of 
the E2E QA would ensure sustained adherence to the process protocols at the high levels adopted in 
the initial commissioning and implementation of the advanced IGART protocols that are advancing 
patient treatment in our cancer centres. This provides a strong motivation for advancing the clinical 
implementation of in-house E2E testing at this time. Hopefully this presentation will motivate the 
community attending this conference to direct some of their efforts and wisdom to establishing 
practical protocols for clinical end to end testing of specific IGART protocols utilized in their clinics. 
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