




First, we will provide an overview of the basic principles regarding segmentation.

We will discuss differences between segmenting gross disease vs. microscopic

disease, and the interaction between target definition and the beam selection.

We’ll also discuss the limitations of three‐dimensional planning. There are some

differences between three‐dimensional planning and IMRT, as they relate to

image segmentation, and we’ll try to highlight these differences as well. It is

critical to understand the limitations of 3D planning, and understand the limits of

image segmentation.

Segmentation takes time, so one needs to think much about how to approach

image segmentation.



Gross disease is obviously that which can be seen on the planning images.
Conversely, in microscopic areas at risk, clinical target volume (CTV) is defined
more based on the physician’s knowledge of how tumors spread. This will vary
between tumour sites, pathological types of tumour and stage.



Imaging is particularly helpful for situations where there is gross disease

present. Imaging is less helpful for situations where we are targeting

microscopic disease. Imaging is still helpful for microscopic disease, but

probably less so than for gross disease.



It is often not acknowledged that there is an interaction between defining a

target and choosing the treatment beams. In an ideal world, these may be

considered as totally separate events. However, the person performing the

image segmentation knows the inherent uncertainties of their segmentations.

This information can then be used when defining beams, and interpreting dose

volume histograms. For example, assume a physician places a beam around a

segmented target, and notices that that beam is too close to a critical structure.

The planner may decide that it is clinically alright to reduce the margin on a

particular portion of the defined target, if they believe that that particular

portion of target is at relative low risk of tumor involvement. It is really only the

person who defines the image segmentation, however, who has that inherent

knowledge. In other words, the person performing the image segmentation

knows “where to compromise” during the beam selection and dose‐volume‐

histogram/isodose review process.

I’d like to introduce a new term “axes of uncertainty.” This is the concept that

one can orient radiation beams such that they traverse tissues that might be at

very low risk of involvement, but at higher risk involvement than might some

other non‐target tissues. One can orient beams along axes of anatomic

uncertainly, as a means to “incidentally deliver some dose” to areas that are not

“overtly targeted.” The corollary of this is that too stringent adherence to



planning based only on the segmented images may lead to inadvertent reduction in

irradiated volumes from some traditional beams. For example, large opposed‐lateral

fields for treatment of head and neck cancer likely incidentally included some nodal

regions that might not presently be considered “at risk” with three‐dimensional planning.

This might be totally fine, but the planner should recognize that they are omitting some

previously‐irradiated tissues that might be at some risk for microscopic spread.



Take this example of a tumor in the medial superior left lung noted in red. (The
red contour does not exactly match the abnormality seen here due to the
window/level of the image; the tumor appears larger on a ‘lung window’). The
prescription here is to deliver 45 Gy via APPA fields to the elective nodes and
primary lesion. Note that the CTV (in blue) is fairly well covered by this anterior
field. (The planner chose to “skimp,” or be “purposely tight” on the right lateral
aspect of the CTV since that area is deemed, in this case, to be at relatively low
risk). The “nodal prescription dose is 45 Gy. However, as we can see on the next
slide, much of the nodal volume gets a higher dose.



On the off‐cord “oblique” for this patient, note that left anterior mediastinum is

included, incidentally, in the off “oblique” fields. Therefore, while the “dose to

the elective nodes” might be recorded as only 45 Gy in this case, indeed, some

of these “high risk nodes” (in purple) are receiving an incidental dose that

approximates that being delivered to the gross target volume.



With IMRT, the dose distribution is often more conformal, and there is less of

this incidental dose to the surrounding nodes. In this image, you can see that

the anterior mediastinum is not receiving the same dose as is the gross disease

in the 4R and level 5 regions.



Here’s data from the University of Michigan documenting the mean dose that is

delivered incidentally to some nodes that were not deemed particularly to be a

target. Note that the mean dose often is similar to the doses we might give for

gross disease—that is—in the range of 60‐70 Gy. With IMRT, the dose to the

nodes not within the GTV would be much lower



I’d like at this point to highlight some of the limitations of three‐dimensional

planning.



The current convention is to define the gross tumor, and then additional target

volumes based on the addition of microscopic spread (the CTV), internal motion

(the ITV), and set up errors (the PTV). Many years ago, these various sources of

error were combined and physicians often just placed a “global margin” around a

target. More recently, however, advances in technology have enabled us to try

to better understand and correct for these areas of uncertainty. Therefore, it

became somewhat useful to separate the different sources of uncertainty into

those listed here, and then defining these different series of targets.



There are new technologies, as noted in yellow that help to correct for each of
these sources of error. For example, CT and PET can better define the GTV.
Respiratory gating helps to control for internal motion. However, none of these
technologies address the microscopic spread, and the biologic aspect of target
definition. This is still the purview of physicians who need to understand the
patterns of spread and local anatomic consideration.
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As our technology has gotten better, and our certainty of gross anatomy

increases, there is a tendency to reduce our radiation field margins. We

however need to be careful that we do not get fancy. There are underlying

limitations to imaging, and our knowledge of microscopic spread. If we make

our radiation fields too tight, we may miss the target.



This is not just a theoretical concern. Here is data from Israel looking at

treatment of the whole orbit vs. a more conformal approach (gross target with a

margin) for patients with orbital lymphoma. Note that the conformal treatment

increases the local recurrence rate from 0%, when the whole organ was treated,

to 33% when a more conformal approach was used. In other words, there were

more marginal misses in the orbit with the conformal approaches. Exactly why

this occurred is not clear. However, it’s safe to conclude that the imaging tests

used to define the extent of growth disease in the orbit may not have accurately

represented the microscopic extension.



Similarly, here’s a series of data in patients with prostate cancer. The historical

control group is the lower row. In a group of 25 patients the investigators

instituted a “better/newer/fancier” approach. They implanted seeds, and used

image guided therapy to make the treatment more accurate. Since they were

using higher technology and better image guidance, they felt comfortable in

reducing the margins as shown. The discouraging clinical results are also shown.

The biochemical disease free survival fell by approximately 1/3, with the

movement to the image guided approach. Again, the image guided approach

was not able to compensate for the extent of microscopic spread, and other

uncertainties in patient set up, etc.

The investigators in this and the prior study should be congratulated for being

willing to share this humbling data with us. I am quite certain that there are

many similar instances in the medical field where similar results are seen. We

tend not to publish our discouraging results. These investigators should be

congratulated for sharing this data with us.
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The recent advances in identifying the gross target volume (e.g. PET), controlling

internal motion (e.g. gating), and, minimizing set up errors (e.g. on board

imaging, cone beam CT), do not address the physical uncertainties and biological

uncertainties, in particular microscopic spread. In the past, we combined all of

these uncertainties into a single “global margin.” Application of new

technologies, and a reduction in field margins, has unmasked our underlying

biological uncertainties.



There are some fundamental differences between 3D and IMRT, which have
some implications for target definition, as listed. We will review each of these.



We will review the concept of concept of concave versus convex targets



With conventional radiation therapy, the intersection of multiple beams always

yields a convex shape. Therefore, in this image, the irradiated volume is shown

in red, while the target area is shown in blue. The triangle, which is the

concavity within the GTV, essentially gets full dose.



With IMRT, there’s a potential to spare, or at least limit, the dose to the

concavity. Therefore, with IMRT, one needs to be more careful about defining

these concavities if the goal is to try to reduce the dose to the concavity.



This might be the case for prostate cancer, where the target drapes over the sides of the

rectum as shown.



With conventional fields, again, one gets a convex polygon, in this case, a rectangle, to

define the irradiated volume. Note the anterior part of the rectum is essentially getting

full dose.



This is true regardless of the orientation of the radiation beams, in this setting using

obliques.



With multiple 3D beams, again one receives a convex dose distribution. Again, note

how the anterior rectum is receiving essentially a full dose. Also note how the seminal

vesicles drape over the sides of the rectum.



With IMRT, note how the doses in the vicinity of the posterior target, in the anterior

rectal area, have a somewhat concave shape, thereby potentially sparing more of the

rectum.





For centers that made the step‐wise transition from traditional two‐dimensional

radiation treatment to three‐dimensional treatment, the orientation of the “3D

planned” radiation beams, and their shape/aperture, could be compared to

“historical beams.” With IMRT, it is much more difficult to do this. In other

words, the transition from 2D to IMRT may be problematic. The intervening

experience with 3D planning is helpful.



For both 3D CRT and IMRT, we start with CT contouring and segmentation

The left side of the screen shows the approach taken for traditional three‐

dimensional planning. (Click)

Beam apertures are defined based on the contours taken from the CT. Three‐

dimensional doses are computed, the DVHs reviewed, and an assessment is

made whether or not the plan is acceptable. In this setting, one can apply one’s

“prior knowledge” to the situation. For example, “does this radiation beam

resemble what I would have done in the 2D era? Is the amount of normal tissue

in this radiation beam too excessive? Does this field look too big, or too small?”

Again, these would be “intuitive‐like” questions that the planner might ask

themselves during the planning process. This can be done with 3D planning.

Conversely, with IMRT, there are no beam apertures to really look at. It’s much

harder to apply any prior knowledge. The intensity maps used with IMRT are not

intuitive.



For example, this is an AP field designed on a 3D planning system for a large prostate

tumor. The user can look at this image and relate it to the historically‐planned two‐

dimensional beams.



The same goes for the lateral prostate beam.



It is often stated that the dose gradients/margins are different with 3D vs. IMRT.
This is often the case, but it does not necessarily have to be that way.



IMRT is not synonymous with tight margins nor rapid dose gradients. The physicians

might typically use tight margins with IMRT, but they don’t have to. Further, one can

certainly use tight margins with 3D planning as well. There is nothing fundamentally

different about the margins and gradients than one gets with IMRT vs. 3D planning. I

believe this is a common misconception in our field.



I’d like to present a hypothesis here that is: “that IMRT essentially redistributes

doses within the patient and does not really reduce the dose to normal tissue”.

Consider the concept of integral dose, which is a total energy deposited in the

patient. Let’s hypothesize that the integral dose is largely the same as for IMRT

vs. 3D planning. Just bear with me a minute please.



I submit that this is intuitively correct. Consider a spherical tumor with a

spherical patient. The tumor can be treated with one beam, two beams or three

beams, as shown. Note that the volume of the normal tissue irradiated with one

beam is roughly one‐third of the amount of normal tissue that is irradiated if one

were to use three beams. Note how the total energy deposited in the normal

tissue is roughly the same for these three different scenarios. The dose has to

go somewhere. This, however, is an idealized cartoon‐like scenario.



We did this exercise in multiple patients. For a series of patients with tumors in
the brain, we computed the integral dose for different beam arrangements of
two, three, four, five, and six beams.



Note that for each of the patients, the integral dose is relatively constant

regardless of the beam arrangement used. Note that the standard deviation of

the integral dose is typically in the range of 3‐5%. Therefore, for patients with

brain tumors, the integral dose is basically the same regardless of the number of

beams used. Now, this is for patients for brain tumors, and the head is sort of a

sphere.



Let’s look at the prostate cancer. Again, a series of prostate cancer patients are

planned with a variety of beam arrangements, with a different number of

beams.



Again, the integral dose is roughly the same for each individual patient,

irrespective of the number of beams used. Again, the standard deviations are <

5% as shown.



In a series of patients studied at University of Michigan, they came to the same
conclusion. In this study, they looked at eight patients who were planned using
conformal techniques, as well as a variety of IMRT techniques. The standard
deviation for the different techniques was extraordinarily small as shown in the
bottom row. Therefore, in this group of patients treated at Michigan, the
integral dose was the same with IMRT vs. 3D conformal therapy.



Now here’s where it gets a little more interesting. If you believe that the integral

dose is constant for the whole patient let’s pretend for a moment that we strip

away the outer shell of the patient and do the same exercise for the “internal

portion of the patient,” as is illustrated in the center part of the figure. I would

submit that the integral dose for the internal part of the patient is constant as

well. Well, if the integral dose for the whole patient is constant, the integral

dose for the internal part of the patient is constant, then the integral dose within

the outer shell of the patient is also constant. This is simple arithmetic and

conservation of energy.



If the integral dose to one shell is constant, and if we then repeat that exercise

for multiple shells, one is forced to conclude that the integral dose within each

shell is constant. Thus, the average dose gradient within the patient is constant

as well. This seems counterintuitive since we’ve been told, very often, that IMRT

results in more rapid dose gradients than 3D planning. I think that this is just

fundamentally incorrect. IMRT allows us to move the dose around, but the

average dose gradient is roughly constant. There is a small effect on integral

dose with IMRT that relates to the penumbra of the radiation beams used during

IMRT. With IMRT, the penumbra can be maximized for each beam, at its

particular target‐depth, field‐size, etc. For 3D planned beams, the penumbra is

tuned to be “optimal” for a 10x10 field, at 10 cm depth of water. Therefore, the

IMRT beams maybe have a slightly “higher quality of penumbra” that might

result for some very subtle differences in the integral dose of IMRT vs. 3D. I

would submit however that this effect is likely relatively small.



So, summarizing what we’ve covered thus far. We discussed the limitations of

three‐dimensional planning as they relate to microscopic disease, which cannot

be seen on imaging. We discussed the interaction between target definition and

beam selection. We discussed 3D vs. IMRT. Physicians, dosimetrists, and

physicists involved in treatment planning, need to understand the inherent

limitations of imaging and image segmentation. We need to understand the

uncertainties in these image segmentations, since they guide dose planning,

optimization, and review of isodoses, DVHs, etc.

Importantly, segmentation takes time. If you do this incredibly carefully on

multiple images, this takes a lot of time, so you need to choose when it is

worthwhile to perform 3D planning and IMRT, and invest the extra effort in

segmentation.



Time is a very valuable commodity.



So now we’ll review image segmentation for several body sites. It’s not practical

to have in depth review of each of these sites, therefore we’ll just go over some

of the highlights. For most of these sites, there are some classic articles and

atlases that are published that can be readily reviewed.



Let’s consider the brain first:



The target volume is typically the enhancing volume with a margin. Coverage of the

edema is somewhat controversial. Most people do it. These are some guidelines that

are commonly used, and are taken from “Handbook of Evidence-based radiation
oncology (2nd edition)” from UCSF. These are reasonable. The planners need to

consider the extra effort being expended for these patients, and determine whether or

not the extra effort is worth it, given the overall clinical situation, prognosis, etc.

Typically, about 2 cm are given beyond the enhancing mass to reflect the clinical target

volume, that is to reflect microscopic extension. Some additional margin is included for

PTV. This margin can maybe be reduced if one were doing image guided therapy, or

vigorous immobilization. Conversely, the margin might be purposely somewhat larger if

the patient were somewhat confused, and more likely to move on the treatment table.



Identification of the normal structures is important for treatment of brain tumors. In

particular, the optic nerves, and optic chiasm. The nerves are typically well seen on CT.

The chiasm is typically better seen on MRI than on CT. If you want, some people identify

the lenses as shown in the lower right hand image on this slide. Some people identify

the globes, which is certainly reasonable, as shown in the lower left.



Identification of the brain stem, pituitary, and cochlea are important in some settings as

well. The parotid gland is more known for head and neck cancer, but it can be important

for patients with face and skull tumors as well as shown in the upper right hand panel.



Head and neck IMRT, this is very complex and a lot of work. The examples shown relate
primarily to the nodes. Typically, IMRT use the head and neck region for parotid sparing.
For patients with large oral cavity cancers or bilateral or pharynx cancers, where sparing
of the parotid is not going to be possible, conventional beams might be preferable to
IMRT.



The RTOG has an atlas and a set of instructions to define the different nodal basins in

the head and neck.



There are many nodal basins as shown.



In the next slides, we will page through some of the images from the literature defining

the nodal basins for head and neck cancers.



These next few slides and pictures shows the recommended contours for nodes at the
different levels









These are the contours for the parotid glands



Oral pharynx is one of the more common sites to be irradiated for head and neck cancer.

The next set of images is provided by Dr. Robert Amdur from the University of Florida at
Gainesville.



The parotid gland shown in green in the lower left hand panel. With traditional fields,

they essentially get a very high dose, often resulting in xerostomia. In the lower right

hand panel, the primary is shown to involve the right oropharynx. There is nodal basin

involved in the right upper neck. The left upper neck is uninvolved. Therefore, there is

some separation between the salivary glands and the target tissues, and one can try to

spare the contralateral parotid gland.



If there is no space between the target and the parotid, as shown in the far left hand set 
of images, the likely parotid dose will be high enough to cause xerostomia.  Even with 
IMRT, it may not be possible to spare the parotid.  Conversely, in the middle set of 
images, there is a separation between the parotid and the target volume, and parotid‐
sparing might be possible.



Dr. Amdur provides some guidance as to when it is reasonable to attempt salivary
preservation. The suggested doses are either < 26Gy mean dose or less than 50%
volume receiving 30Gy





Don’t use IMRT with bilateral adenopathy involving the high neck. That is level II.



Head and neck IMRT is extraordinarily complex and physicians and providers are

recommended to review the pertinent literature. Certain examples are shown here.



IMRT removes the therapist from the process a tad. There are fewer light fields
to check, and there is less intuition to know if a set of beams is setting up
properly.







Breast cancer:



The amount of work needed for 3D planning and IMRT for breast cancer is far more than

was done in the prior era. If one is treating with tangents alone, and the tumor bed is

well marked with clips, the utility of three dimensional planning may be small, except for

heart blocking, and the occasional patient with very difficult anatomy. Clinically defined

field borders are pretty close to the “ideal 3D field borders” in simple cases. Again, one

needs to be careful with one’s resources of time and personnel. Nevertheless, CT

imaging can provide an assessment of the “adequacy” of traditionally‐defined fields, and

also provide guidance for modifying the fields to improve target coverage.



Nevertheless: If one is going to do a 3D planning or IMRT for breast cancer, there are

guidelines that have been suggested by the RTOG, as shown here.



Targeting the nodal basins is somewhat controversial; it depends on the clinical and

pathologic stage of the primary and nodal sites. The nomenclature is not ideal here.

The axillary apex or the medial/superior aspect of the axilla might also be considered

part of the lateral supraclavicular area. The axillary and supraclavicular nodes are a

continuous set of nodes which we arbitrarily have divided into multiple sub‐regions.



These definitions for the borders of the primary volumes for breast cancer, defined by

the RTOG.



The typical borders that can be used to define these nodal basins are shown here as

defined by the RTOG group. This is a fairly detailed process to go through. Truthfully, in

my practice, I often still rely on the boney landmarks from the DRRs on the planning

system to define these volumes.



There are a series of nuances here related to regional nodal definitions for the different

axillary levels. The internal mammary nodes are typically not seen, and we use the

internal mammary vessel as a surrogate for the position of the nodes.



Here are some examples of lumpectomy cavity and glandular breast tissue.



And heart shown. The definition of volumes/subvolumes for the heart are sub‐optimal.

Here, for example, for the heart, we clearly identified the great vessels (e.g. aorta) to be

part of the “heart” in this image. There are no standards regarding how to define the

heart (or its sub‐volumes) for RT planning. I occasionally define only the left ventricle,

but this is usually as part of a study. In practice, for tangential left breast therapy, I often

place a heart block, and in that case, it is the left ventricle portion of the heart that is

near the field edge. Thus, a heart block based on the heart contour or the left ventricle

contour will be essentially identical.



Different axillary levels and supraclavicular node regions are shown.





Along with the internal mammary nodal area. Note the overlap between the axillary

area and the chest wall target volume.





Note that the axillary level 1, 2 and 3 are similarly overlapped in the superior to inferior
directions. That is, a portion of level one is actually superior to parts of level two, for
example. Again, this is somewhat tedious to draw these volumes out on each patient.





The lung:



The size of structures seen on CT depends on the window and level chosen



Nodal regions are fairly well‐defined in the thoracic literature. There are several articles

that provide illustrations defining these nodal basins for RT planning. Typically, given the

invasiveness of lung cancer, I usually treat the enlarged nodes plus the adjacent nodal

area(s).

There certainly has been a movement recently away from elective nodal irradiation for

lung cancer. Many people are recommending that we treat only the grossly enlarged

lymph nodes, and nothing more. This makes me somewhat nervous. Nevertheless, this

is the trend. In my practice, I tend to treat the involved nodal area as well as the

adjacent nodal area.

I also typically include the great vessel region that is immediately adjacent to an involved

lymph node. I tend to do this due to the invasive and malignant nature of lung cancers.

Cancer is an infiltrative disease, and I believe that we might be fooling ourselves if we

think that our imaging is so good that we can rely on it entirely to define the target

tissue. I believe that treatment of immediately adjacent tissues, where there is likely

microscopic extension, is prudent.







The last picture shows contouring for the lung primary. It is important to contour in the
correct window setting ie lung setting for contouring lung lesions.







For prostate cancer, there are some guidelines regarding treatment in a definitive
setting, post‐operative setting, and how to treat the nodes.







Here are the images from the RTOG defining the target for a patient treated

post‐operatively for prostate cancer. Note that the target tissues essentially

include the region of the seminal vesicles, and the base of the bladder, where

the prostate typically attaches.





It’s often very instructive to review the image segmentation again on sagittal and

coronal images. A definition of the target tissue in the post‐operative vicinity for

prostate cancers is very challenging. Target tissues are essentially the normal

tissues that are in the vicinity of where the tumor was.



There is some consensus regarding definition of nodal tissues for patients receiving RT

for cancer of the prostate. In some high risk settings, elective nodal irradiation is

considered reasonable. The pelvic vessels are typically used to define the target area as

shown.



Some examples of different nodal areas are shown.  















































































Again there are several references that can be reviewed to gather additional
information.



The Anorectum.



The text‐book by Hansen and Roach provide some guidance for field design for 2d‐
defined fields.



Three‐D definitions are reported by some investigators.

















Pancreas



These volumes are taken from a Web site from the University of Michigan























IMRT removes the therapist from the process a tad. There are fewer light fields
to check, and there is less intuition to know if a set of beams is setting up
properly.




