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Each of us feel safe traveling, eating, taking medication, and other simple leisure's
because we know that quality assurance indicators have been set in place to keep
us safe.

Most quality assurance procedures and regulator agencies have been set into place
from actions that have resulted in harm, or a “near miss”. (see photo)

The FAA, FDA, and NRC are big names that we are all familiar with.

In Radiation Oncology | always explain to people that “The name of our game is
accuracy, we plan our treatments to the millimeter of accuracy.” Or do we?

We hear the term QA day in and day out. Chart QA, special physics QA, IMRT QA,
machine QA, film QA.

The aim of this discussion is contouring “QA” and how our contouring effects the
final outcomes of treatment.
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Even though the CT images were the same,
not all dosimetrists saw the same thing...

Courtesy of Ben Nelms

Thanks to Ben Nelms for a number of slides and for helpful research citations.



What is Quality Assurance?

e A test or measure of consistency preformed
on a scheduled basis to ensure accuracy.

o Ex: Each month checks are done to
ensure the Linac digital and mechanical
readings are consistent within 1°
of the angles found at the time
of machine acceptance.

Quality assurance has many names and abbreviations, but the long and short of it
is, it is simply a test or measure of consistency performed on a periodic scheduled
basis to ensure accuracy. One easy example is the QA preformed monthly on the
linac to ensure the digital and mechanical readings are consistent within 1 degree of
the angles established at the time of machine acceptance.
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History of Contouring QA

e A small number of studies have been conducted

e The limited data suggests large intra-observer
differences in ROI delineation

e Nelms study

ELSEVIER doi: 10.1016/j.ijrobp.2010.10.019
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A small number of studies have been conducted
The limited data suggests large intra-observer differences in ROI delineation

One of the larger studies was done by Ben Nelms. The aim of Nelm’s study was
assess the variation in normal tissue contouring for the head and neck region.
Nelms utilized the 2009 ROR Plan Challenge data. The Plan challenge provided a
treatment planning CT scan to 32 clinical sites around the world. The dataset
presented had the CTV outlined, and participants were asked to outline the organs
at risk and to create a treatment plan based on the provided prescription. Several
organs at risk, or OAR, including the spinal cord and parotids, showed significant
variation based on volume and contouring accuracy. Compared with the “gold”
contours, the variations in the OAR across multiple dosimetrists resulted in
dosimetric deviations in the mean dose ranging from -289% to +56%, and variations
in the maximum dose ranging from -22% to 35%. Clearly, the results of this study
indicate the need for quality assurance (QA) system for normal tissue delineation.



What are the “ ” Contours?

e The “gold” contour ROIs were delineated by a
team made up of a radiation oncologist,
radiologist, and multiple dosimetrists, all of
whom carefully review the “gold” structures.

The ROR plan challenge data was reviewed again the “gold” contours. The “gold”
contours were established and agreed upon by a team of professionals: radiation
oncologist, radiologist, and multiple dosimetrists. This set was to be used as the
gold standard of which to compare all other contours too. Additionally, these
contours were later used to assess dosimetric variation based on the contour
discrepancies.
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Nelms research believes, as do we, that the basis of the treatment plan and
ultimately patient outcomes is contouring. No matter how tight the margins, how
beautiful the plan, or how precise the setup, if the contours are inaccurate, the rest
of the information cannot be trusted.

Modern technology, IMRT, IGRT, Adaptive Radiotherapy, ect, can only reach their
potential if the contours supplied at the time are planning are correct. Each
advancement in technology relies on the accurate definition of OARs. Even the
most sophisticated modern plan and delivery cannot succeed if the original OARs
are not identified and correctly defined. Even more alarming, highly conformal dose
delivery combined with inaccuracy in OAR delineation could be very problematic in
light of dose escalation and shrinking margins.




Nelms Study

e ROR 2009 plan challenge

e ROI: brainstem, spinal cord, left and right
parotid, mandible, and whole brain

e Variations quantified using ROI volume,
mean, standard deviation, metric score &
dice coefficient against the “gold” data set

“After filtering the datasets down to the 32 finalists, a set of anatomic OARs were
determined for which to study variation. This set included six critical organs:
brainstem, spinal cord, left & right parotid, mandible, and whole brain. Inter-observer
variation per OAR was quantified by several methods, all using a commercial
Structure Set analysis software program called StructSure.” (Nelms at el).

The volume, mean, and standard deviation were acquired for each OAR. A metric
score and dice coefficient were also calculated against the “gold” dataset.
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Nelms study utilized 3 quantitative measures of the individual contours accuracy.

A weighted penalty function was used based on the distance to agreement (DTA).
This metric provided a “forgiveness” if the contour was within 1 mm (approximately
the size of a single pixel), and produced a linear penalty as a function of distance.

For contours drawn less than 1mm of the gold contour, no penalty is given.
For contours drawn at 2mm of the gold contour a 0.5 penalty is given.

For contours drawn at 3mm from the gold contour a 1.0 penalty is given, and so on
at an increasing distance and increasing penalty is awarded.

The volume in cc’s of each contour may also be compared, the missing and extra
volume are plotted.

The Dice Similarity Coefficient is used to quantify the degree of overlap between the
gold and dosimetrist delineated contours. In general, DSC values closer to 1
indicate good agreement, while values closer to zero indicate poor agreement
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The program overlays the contours and provides both a visual and quantitative
evaluation of the agreement between the two sets. Regions that overlap are shown
in green, while regions that are within or extend beyond the primary contour are
shown in blue and red respectively.
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In Nelms study, not only were the contours analyzed and compared, but the
dosimetric effects were analyzed using the plans submitted from each observer.
Comparing the submitted plan verse the same plan on the “gold” dataset maybe
justified based on the fact that each observer optimized their IMRT plan based on
their defined ROIs, and the process of replacing their ROIs with the “gold” ROIs but
using their calculated plan allows for calculating errors only due to ROI volume

differences.
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Classic endpoints observed in head and neck cases often revolve around mean
parotid dose. In fact, sacrificing coverage is often the only way to achieve the
necessary mean doses to preserve salivary function. These two examples show the
drastic difference in DVH curves based on two plans that were submitted for the
ROR challenge vs the gold contours!
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Here are two examples of parotid contours overlaid with the gold contours. On the
right there are small differences in the contours (Red is extra, Green is common, or
shared voxels, and blue are missing) on the left you can see poorly delineated
parotids. Note that much of the parotid is blue for missing volume. It appears that
the central or deep lobe is missing. Often times the deep lobe of the parotid is the
portion of the gland nearest to the target. Without accounting for the deep lobe
dose contribution, the DVH data will be skewed, and salivary function may be
compromised.
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This chart is an overview of the discrepancies found is Nelms research. Of note, is
the error of max dose. If the ROR plan had taken the OARs to the standard
tolerance, the Brainstem may have a max dose of 73.6 Gy, and the cord could
exceed 53.5Gy. This example of extreme contouring discrepancies has fueled our
study and motivated our group to try something new to minimize the chance of
these types of errors.
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If ROIs are not accurate:

Plan Optimization will be compromised.
The plan will be optimized to the wrong volumes.

Plan Acceptance criteria will be wrong.

The plan acceptance criteria (DVH points, max ROI dose, mean ROI
dose, etc.) will not be trustworthy.

IGRT will also suffer.

IGRT setup based on ROI shape/location will use the wrong volumes
as the reference.

The patient may be mistreated.

Dose may be delivered to the wrong place (or not delivered to the right
place).
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The goal of the current study is to develop a clinical system for assessing the inter-
observer accuracy in normal tissue delineation in sites throughout the body. Using
these results, dosimetrists can receive individualized feedback on those organs with
clinically unacceptable deviations. The dosimetrists are then re-evaluated to
determine if, with training they can reduce their contouring variability as part of an
ongoing contouring QA program.
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In this Institutional Review Board (IRB) approved study, the CT scans of five
previously treated patients were selected. The scans were obtained for tumors
located in the brain, head and neck, thorax, abdomen, and male pelvis. These
scans were obtained on our Phillips Large bore department scanner. All scans were
obtained using our standard departmental protocols consisting of a 3 mm slice
thickness/table index. In order to minimize the effect that the tumor size and location
would have on normal structures, the CT scan of a whole brain study was used for
the brain case. Likewise, the CT scan of a patient with a T1 larynx tumor was used
for the head and neck case. As such, contrast was not used on these scans.
However, intravenous contrast was used for the thorax and abdominal scans and a
urethrogram was used for the pelvis scan
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Each of the 5 CT scans were initially contoured on the Focal work station by on of
our senior residents. The contour list was selected based on normal structures
routinely outlined in our clinic as well as those defined by Radiation Therapy
Oncology Group (RTOG) studies. After the normal anatomy was contoured, a
radiologist was asked to sit with the senior resident and review each contour slice
by slice. Changes and adjustments were made based on the radiologists
assessment. Finally, the radiation oncologist specializing in each site, reviewed the
contours with the senior resident to finalize the gold contours. (of note, unlike the
Nelms study, no dosimetrists were involved in defining the ‘gold’ contours)
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Following the establishment of the gold contours, each dosimetrist received an
individual copy of the CT scans without contours. The dosimetrists were given a list
of normal structures to contour. All contouring was performed on an XiO
workstation, no time limits were given and the dosimetrists were not permitted to
access anatomy books or on-line guides. Additionally, the dosimetrists could not
consult other dosimetrists or professionals within the department. Rather, the
dosimetrists were instructed to contour each OAR as they would for any clinical
case.
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Like the Nelms study, our study also analyzed the individual contours using the
Structsure software. The volume, Dice similarity coefficent, and a Distance to
agreement metric were all recorded for each dosimetrist and each OAR. In this
study we used a slightly modified distance to agreement metric than was used in
the Nelms study. Our metric allowed for a 1mm forgiveness where no penalty is
given for a contour drawn within 1mm of the gold contour, or about the size of a
pixel. Ultimately, this allowed for some forgiveness, especially in very small
structures such as the lens or cochlea. Additionally, the slice thickness of the scans
used were 3mm, which results in a considerable penalty for missing or extending
contours up or down even 1 slice.
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Based on these parameters, the dosimetrists were provided an individualized report
on how they performed for each OAR. Using cutoff of Dice Similarity Coefficient less
than 0.85 and distance to agreement metric less than 80, the dosimetrists were
provided an opportunity to review their individual contours in relation to the gold
contours. These cutoffs are based on the Nelms study that showed significant
dosimetric variation for distance to agreement metric values less than 70. After
review, the dosimetrists then re-contoured, on a separate scan, those OAR that did
not meet the minimum cut-off score. The goal of this portion of the study was to
determine if re-education resulted in improved OAR agreement.
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For volume ratio, values closer to 1 indicate good agreement, while values closer to
100 indicate good agreement for the distance to agreement penalty metric.

Based on our criteria that a penalty metric greater 85 indicates reasonable
agreement, 17 out of 30 OAR (57%) achieved passing scores. The organs that
dosimetrists had the lowest scores (based on penalty metrics) included those of the
visual pathways (lens, optic nerves, optic chiasm), and the cochela. It is not
surprising that OAR with smaller volumes would have lower scores. Based on size
alone, small variations in contouring a smaller OAR will have a larger relative effect
than on a larger organ. Moreover, the complex anatomy of the smaller organs in this
study (chiasm, optic nerves, cochlea) make them particularly difficult to contour,
even for experts.

Of interest, the organs outside the head and neck that had relatively low scores
included the esophagus, bowel and spinal cord. For both the spinal cord and
esophagus, the largest disparities occurred where the dosimetrists chose to start
and stop contouring these structures in the superior/inferior direction.

In the case of the bowel, differences were observed due to contouring individual
loops of bowel vs. the entire region.

Structures on which the dosimetrists performed well (average metric score greater
than 90) included the brain, eyes, lung, heart, carina, kidneys, liver, bladder and
femurs . These OAR tend to have larger volumes as well as good contrast at the
boundaries of these organs. Additionally, the dosimetrists also performed
consistently well on OAR in which they used the system’s autosegmentation tools,
including the femurs, lungs, brain.
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This graphs summarizes the correlations between the size of the volume and the
scores. One thing to point out is the metric score if the volume is under 8ccs. If the
volume is under 8ccs than the average metric score was -51.1, if the volume is
greater or equal to 8cc’s then the metric scores take a dramatic jump all the way to
80.2. Reviewing the summary table helped us define and establish what scores we
wanted to use as cut-off scores for re-testing.
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Each dosimetrist was able to review their scores and re-contour on a new scan.
The lenses, optic nerves, cochlea, optic chiasm, parotids, and spinal cord were all
re-contoured.

The objective in re-contouring was to assess if any improvement could be made
after reviewing their feedback.

For the second attempt at contouring, the dosimetrists were to contour the optic
nerves and chiasm on an MRI rather than the CT scan assigned for the rest of the
contouring.
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9 sturctures increased in score, 1 stayed the same, 2 increased slightly, and 1
decreased. The parotid scores were the only metrics to decrease.
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This images shows the gold contours as the solid contour and the secondary as the
dashed contour. Although the lenses are hardly a dose limiting structure, we still
want to contour them and contour them accurately. As | mentioned earlier,
structures less than 8ccs were the structures that resulted in the lowest scores, the
lenses were about 2ccs each. The average metric score went from -9.8 to 96.2 on
the re-test. Even small errors may cause large metric variations on structures this
size, although looking at the gold vs the secondary contours you can rationalize that
the dosimetric variation on the two contours would be clinically insignificant.
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For the second attempt at contouring, the dosimetrists were to contour the optic
nerves and chiasm on an MRI rather than the CT scan assigned for the rest of the
contouring. The scan we had originally used had no contrast or fusion. The
structures of the optic pathways can better observed on an MRI where the soft
tissue delineation is much more clear.

The metric scores went up dramatically when contouring on the MRI. The average

metric score for the optic nerves increased by a factor of 2 and the Optic Chiasm
went from a score of -235.3 to a positive 70.0.
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This study not only showed improvement in our contouring but we also learned
about contouring the cochlea. In our clinic it had been standard to contour all three
of the cavities following up the track of the chochlea. The radiologist explained to
us that it was only the most anterior of the cavities that housed the cochlea. Again,
our contours DID have the cochlea in it, but it was too generous.
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| briefly spoke about the parotids scores from the Nelms study. Surprisingly, in our
study 4 out of the 5 dosimetrists scores actually decreased on the re-test. Some
scans may be more difficult to delineate the parotid glands depending on window
and leveling and may be especially difficult when there’s artifact from dental work.

We are not satisfied with our scores, and we plan on re-visiting our parotid
delineation and finding other ways to improve our accuracy.
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The cervical cord scores stayed roughly the same. In general, the starting and
stopping slice was the largest discrepancy and ultimately lowered the metric scores.
In our clinic we contour the entire spinal canal, so a generous margin is already

included to the true cord. We felt confident enough in our scores to NOT re-visit this
site.
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The esophagus scores also went up, but only minimally. Typically, in a thorax case,
the patient would be simulated with esophageal paste, in this case the patient was
not scanned with esophageal paste and our scores suffered. Our contours seemed
to be generally correct, but consistantly too small.
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Admittedly, our Thoracic-Lumbar spinal cord scores were poor. On the original
attempt at contouring, the average metric score was -3.36, on the original trial the
dosimetrists were instructed to “contour as you normally would”. On the sre-test the
dosimetrists were instructed to contour the cervical cord and the thoracic-lumbar
cord as two separate structures, and to end the cord contours where the cord truly
ends. On the re-test the scores improved, minimally. To understand why our
scores were so low | looked at each scan. The individual dosimetrists appeared to
“over-contour” the cord, most of them ending the cord around L3. So, the poor
scores are “REAL”, but is contouring the cord for an extra vertebral body or two a
bad thing?? So what | decided to do was to go into each scan and cut-off the slices
below where the cord truly ends, at the inter-space between L1-L2 and re-run the
scores. After deleting the extra slices the average score jumped up to 90.
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The bowel scores went up from 44.5 to 75.7 on the re-test. These scores fluctuated
and probably will continue to fluctuate with some dosimetrists contouring the
individual loops and others contouring the bowel region as seen here. In general,
the dosimetrists contour the bowel region, unless working on a protocol case that
specifically indicates to contour the individual loops. In contouring the bowel region,
the global max is consistent with the individual loops, while the total number of cc’s
is increased.
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While working on this project we understood that there is no “right” way to go about
this study. We simply tried to get the ball rolling on the idea of contouring QA. As a
means to continue the work we started we hope to establish a time frame for a
periodic re-test, with an emphasis on structures we did poorly on, like parotids. For
example, re-test every 3 months to see if the scores, trend up, down, or remain
consistent.

Ultimately, some contour variations may not matter. For example if we contour the
esophagus on a breast plan, even if the metric score was -200, the dosimetric
impact would still be zero. Finding the cut-off score and dosimetric impact is an
important goal for future research.

There’s always room for improvement, recently, the AAMD has started offering
contouring workshops via webinars that one can sign up for, based on anatomical
site, and earn CE points.

An idealistic goal, would be to reach out to other centers in the region and get them
involved contour QA testing. Eventually the QA program could grow to include
everyone who was willing to participate and evolve into setting-up a QA tool at for
each center to monitor contouring.
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The bottom line is, the idea of trying to QA something as abstract as contouring,
seems daunting and somewhat impossible. Using the Structsure software we were
able to compare 5 dosimetrists contours with an established goal. This study has
allowed us to quantify our highpoints and re-educate us where improvement is

needed. We hope to expand further on this research and continue to improve our
contouring skills.
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