


- o

Thank you. For this presentation | am going to tell the story of the development of a
modified technique — developed at the H. Lee Moffitt Cancer Center — to deal with
cancer of the pancreas.

First I'm going to describe the pancreas, and talk briefly about pancreas cancer.

Next | shall touch on what it means to be borderline resectable, and why this is so
important.

I’ll move on to the treatment options that are used and I'll describe the treatment
techniques that are employed to combat this disease. | shall then describe in more
detail the stereotactic body radiation therapy technique currently being employed at
Moffitt Cancer Center.

But first we should begin with a discussion of the pancreas and its function.



The pancreas consists of four parts: the head, located here next to the duodenum,
the neck, the body, and the tail, located beneath the stomach.

Several important blood vessels are the superior mesenteric artery and vein.
Furthermore, there are several nearby critical organs including the duodenum, both
the left and right kidney, the liver, the spinal cord, the small bowel, and the stomach.

Please note the location of these blood vessels and the nearby critical organs as
they will be important in determining resectability and in guiding radiation therapy.

Knowing the location of the pancreas is important. However, we should also learn
what the function of the pancreas is.



The pancreas is a dual-function organ that provides both endocrine and exocrine
services.

It has islet cells throughout that produce insulin — which down-regulates blood sugar
concentration, glucagon — which up-regulates blood sugar concentration, and
somatosatin — which regulates the production of insulin and glucagon.

For exocrine purposes the pancreas produces pancreatic juices that help break
down our food. The pancreas also produces juices that neutralize the acid from the
stomach, in preparation for the transit of our food through the small bowel.

The pancreas can suffer from diabetes, pancreatitis, and cancer. But the worst of
these is cancer, and cancer shall have its day.



Pancreas cancer is the 9th most common cancer in the U.S. Although it may lag
behind in incidence it makes up for this in lethality. In the U.S. it is the 4th leading
cause of cancer mortality.

It is found primarily in Western countries with 38,000 new diagnoses per year in the
U.S.

Known risks include tobacco use, high animal fat diet, exposure to benzene and
gasoline, age, gender, and obesity.

Hence, at diagnosis few (approximately one-fifth) present with resectable disease.
Surgery with negative margins — i.e. no disease present in the margins of the
removed tissue — is called an RO resection. A complete surgical removal with no
microscopic disease at the edges of the excised portion of the pancreas offers the
best chance for a cure.

How does pancreatic cancer present itself?



Most pancreatic cancers present at an advanced stage because the early-stage
symptoms are either below the level of a nuisance, or not present.

Advanced stage symptoms include; jaundice, weight loss, diabetes, abdominal pain,
an itchy sensation, and excess fat in the stool.

These symptoms are by no means specific, and in some cases, such as in weight
loss, can be construed as desirable, and in other cases, such as abdominal pain,
can be attributed to other more prosaic explanations, like a piece of underdone
potato. And are, therefore, miss-interpreted as no cause for concern.

The concern, however, is grave...



The prognosis is grim.

As stated earlier, more than 80% present at an advanced or metastatic stage of
disease. Long term survival, beyond 5 years, is a dismal 3 — 4%.

Median survival is the amount of time that passes between initial diagnosis, and the
survival of 50% of the initial number of patients. These numbers are grim. However,
they do serve to demonstrate one important conclusion: that the best chance for
survival is a resection.

After resection the median survival is 12 — 26 months.

For locally advanced disease the time drops to 9 — 13 months, and for metastatic
disease the survival time is 3 — 6 months.

Most patients do not present with ideal cancer. Most are locally advanced. So, one
important goal of therapy is to determine which patients can yield the greatest
benefit from treatment, so that we may spare the ones who will gain little from
needless, time-consuming, ineffective, and costly procedures.

Before we continue we shall make a pit-stop for some definitions.



What is a resectable pancreatic tumor?
How is this distinguished from a non-resectable tumor?

And then, across the U.S. there is a developing definition of a gray region between
resectable and non-resectable. The borderline resectable tumor. What is the
definition of borderline resectable pancreatic cancer?

How is a resection classified?
These are the definitions we shall cover in the next 4 slides.

(Most patients do not present with ideal cancer. Most are locally advanced. No
screening. No need to subject the patient to needless procedures.)



This is a CT image of a tumor of the pancreas. Here is the tumor, and this arrow
indicates the superior mesenteric vein. Let me draw your attention to this thin layer
which clearly separates the tumor from the SMV. This image defines a resectable
pancreatic cancer because there is no involvement of the surrounding vasculature.

Resectable pancreatic cancer is distinguished from non-resectable cancer, as
illustrated in the next slide.



Here is another CT image of a locally advanced or unresectable tumor. There are
several things that need to be described in this image. This is the tumor, and this
area of white contrast is the contrast-agent enhanced superior mesenteric artery.

Because the SMA is completely surrounded by the tumor this case is classified as
unresectable.

Also visible in this image is a stent, deployed to open the biliary-tract and prevent
obstruction, and several fiducial markers.

You can also see the kidneys, the cord, part of the small bowel, and part of the liver.
The situation is not completely black-and-white. There is an emerging gray-area.
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Again we have a CT image showing the kidneys, liver, small bowel, cord, and the
tumor. Right next to this tumor is the SMV. Although the vessel is not completely
encased by the tumor, the thin layer of tissue that separated the tumor from the
vessel in the first image is absent. This image defines borderline-resectable cancer.
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A more precise definition of borderline-resectable follows. When a patient with
pancreas cancer meets a surgeon, it is very important to see how much of the
tumor is adjacent to the blood vessel. As you can see in point #1 if there is less than
180° of encasement of the portal vein, superior mesenteric vein, or the superior
mesenteric artery we call that borderline. That means there is a good chance we
can get a negative margin if we treat the patient first with neoadjuvant therapy.

There is less than 1.5 cm of encasement of the PV or SMV that is amenable to
resection and reconstruction, or

There is gastroudoenal artery encasement to the origin of the hepatic artery, then
the tumor is borderline resectable.

Many different strategies have been tested to shift this sub-set of patients from this
gray region into the area of resectability.

Once a resection is performed — if warranted — how is the success of the resection
graded?
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Once a tumor is removed, it is examined grossly and microscopically to determine
its resection classification.

If there is no sign of the tumor at the margins of the tissue then this is called an RO
resection.

Even though there may be no obvious signs of tumor at the margin, there may still
be tumor cells present. This type of resection is referred to as R1: microscopically
positive margins.

And, as you may have already guessed, if the margins are obviously tumor, or
grossly positive, this is an R2 resection.

So, what is the goal of treatment?
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This most desirable outcome is an RO resection. In the frame of the borderline-

resectable patients, an RO resection is the goal of all the therapies, and represents
the best chance at long-term survival.

If the patient presents with a resectable tumor the next step is surgery.
A patient presenting with a locally advanced tumor will be given palliative care.

In the case of a borderline-resectable tumor, neoadjuvant therapy is employed to
create the conditions for a successful resection.

| will discuss briefly the neoadjuvant therapies that have been tested, and | will
present the therapy we are currently employing.
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To transform a borderline tumor into a resectable tumor there are several tools at
our disposal.

There is chemotherapy using drugs like gemcitabine.

There is radiation therapy, which provides many possible treatment schedules, and
doses, and techniques such as 3D-conformal, and IMRT.

We can also combine chemotherapy with radiation therapy in several ways.

We can deliver chemotherapy and chemoradiation, or we can provide
chemotherapy first and then follow it with radiation therapy.

But which combination should we choose? Which combination works the best?
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As you may have guessed, the answer to this question is not yet clear, and a host of
different combinations have been tested.

This table lists some of those combinations, along with the percentage of patients
who, at the conclusion of treatment had a successful resection.

Our approach is again a combination of chemotherapy and radiation therapy, which
is not new. The new component is the use of stereotactic body radiation therapy.
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Chemotherapy is given first for 9 weeks. A cocktail of three chemotherapeutic
agents: Gemcitabine, Taxotere, and Xeloda are given. The Gemcitabine and
Taxotere are given by infusion, while the Xeloda is taken orally.

This is followed by a five fraction course of stereotatic body radiation therapy. The
purpose of the short course of radiation therapy is to ensure that the patient
receives the entire treatment.

The origin of stereotatic radiation therapy is in the head. To hit small legions in the
brain with narrow beams requires a high degree of positional accuracy.

In the body the goal is the same: to hit a same volume with a large daily dose.
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But before | get to that once the combined treatment is delivered a restaging PET
and CT of the pancreas is acquired 3 — 4 weeks later.

If at this point the tumor is judged to have responded then a resection is attempted.
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As in SRT in SBRT a high degree of accuracy in target localization is necessary.
This requires several components.

First the tumor location must be determined and carefully marked. This makes it
easy to find the tumor accurately for each fraction.

Next the patient is simulated to give anatomical information. The simulation is
modified from ordinary simulation because of the special needs of SBRT. It is a 4D-
CT, where the CT data is sorted into the phases of the breathing cycle. The exhale
phase is used for planning.

Finally, the planning for SBRT is crucial to produce a treatment plan that is tailored
to the patient’s tumor.
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As | mentioned, the location of the tumor must be known.

Prior to simulation, under endoscopic ultrasound guidance, between 3 to 4 gold wire
markers are implanted into the tumor.

These markers are visible both in CT, where they will assist in target delineation,
and under set-up imaging, where they will assist in daily patient positioning.

The fiducial markers are extremely important, without which SBRT would be
impossible. We have noted shifts as large as 2 cm on daily set-up. Without the
fiducials we would be unable to correct for these shifts.
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Here is an endoscopic ultrasound image of a pancreas tumor. As mentioned earlier
the ultrasound is used to guide the placement of the fiducial markers. It may also be
used to stage the tumor.
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These are the fiducial markers. They are thin wires of gold. Gold is a good x-ray
attenuator, and show up well on fluoroscopy and radiography.
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At simulation the patient is further immobilized using a custom cradle that is shaped
to the patient’s body.

The patient’'s arms are overhead, and in preparation for simulation the patients are
asked to fast.

Oral and IV contrast agents are used. The IV contrast agent is timed so that when
the scan is taken the contrast agent provides contrast to the veins.
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Extent of motion as well as direction of motion. Literature shows we should check
motion. Have study showing motion.

The motion of the pancreas throughout the breathing cycle is a major concern, and
it must be managed, otherwise there is no reason to use a stereotatic technique.
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And there is a great deal of motion to manage, as shown by this movie loop of the
abdomen.

The motion in planning is managed by using 4D-CT to simulate the patient, and
using the exhale CT for planning. Later on, another strategy is required to manage
patient motion during treatment.
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During treatment, and infrared reflector is placed on the patient’s surface in a
reproducible manner. An infrared camera is used to track the reflector,
providing a surrogate for motion due to breathing.
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Using the breathing trace provided by the infrared tracking system a gating window
is set such that treatment is allowed to proceed provided the breathing trace is

within the bounds of the gating window.
The gating window is set to the exhale phase of the breathing cycle, with a duty
cycle of approximately 30%.
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With the 4D-CT data set in hand, we are ready to begin SBRT planning.

Our planning will be forward planning. We do not need IMRT since it isn’t necessary
to produce a homogeneous distribution of dose, but rather to produce a distribution
with hot spots. It is as if a regular treatment and a boost were combined into a
single treatment and delivered simultaneously.
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We typically use a 7 beam technique. Most of the beams are located to the anterior
of the patient. The beam angles are usually chosen to avoid the nearby critical
organs.

You may have noticed that the 105 beam passes through the left kidney. This beam
angle may not seem optimal. Of course it may be changed to suit the patient, but
from experience we have learned that this angle usually works once the collimators
have been conformed to the tumor.

We may also adjust the beam energy to decrease dose to the NCO, but we begin
planning using the highest energy available, namely 15 MV.
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Once the beam angles have been chosen, the next step is to set the field size, and
to chose the position of the MLC leaves.

As a preliminary step in setting the collimators the low dose PTV, seen here as the
light blue outline, is used with a negative 2 mm margin.

It has been our experience that a -2 mm margin produces an isodose line that
closely matches the PTV contour.

However, this is not the case at the superior and inferior edges of the contour.
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To deal with the superior and inferior edges of the PTV the Y-jaws are opened by 1
cm in both directions.

This of course does not open the MLC leaves.
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The leaves at the superior and inferior edges of the field are opened and aligned
with the edges of the leaves adjacent to them.

It has been our experience that a better dose distribution is produced when leaves

that lie over portions of the PTV that run parallel to the leaves are opened further, as
indicated in this example.

Here we have a shelf, and the corresponding leaf is opened further.
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With the field size and MLC leaf positions set we can now go back and indeed see
that we are off the left kidney.

At this point we are ready to set the prescription and compute the preliminary dose.
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The plan is a combination of treatment and boost, so the prescription is a multi-dose
prescription.

To deal with this the prescription is set to the lowest dose level. For example if we
had a 30 and a 35 Gy prescription the input prescription would be set to 30 Gy, and
prescribed initially to the 85% isodose line. However, this is not set in stone, and
may be adjusted later to produce a more satisfying dose distribution.

There are usually 5 fractions. At least initially the beam weights are all equal, but
this can be adjusted later as desired.

With all this set a preliminary dose is computed.
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Here is the axial, sagital, and coronal view of the preliminary dose distribution.

The light blue and dark blue areas are the PTV low dose and PTV high dose
respectively. In this case the low PTV dose is 30 Gy and the high PTV dose is 35
Gy.

As you can see the light blue isodose line — the 30 Gy isodose — conforms closely to
the PTV30.

There also already is a hot spot within the PTV, and the goal of the next step is to
shift that hot spot towards a more appropriate location, towards the PTV35.
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Here is the DVH of the preliminary dose distribution. As you can see most of our
goals have already been met.

The 35 Gy covers more than 95% of the PTV35, and only a small improvement to
the coverage of the PTV30 seems to be required. Plus most of the nearby critical
organs have met their dose constraints, except the duodenum, whose maximum
dose should be lower than 38 Gy, which it is already very close to achieving.
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If further improvement was desired then a field-in-field technique could be

employed.
Just as for the low-dose PTV, the leaves are conformed to the high-dose PTV with a

-2 mm margin.
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Just as before it may be necessary to open the superior and inferior leaves to
improve coverage of the PTV.

However, this is not always necessary. It is good practice to save a copy of the
previous plan so that it can be returned to if it is obvious that an attempted
adjustment results in a poorer plan.
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As you can see with the intermediate step there does not appear to be a great deal
of improvement. This should not be discouraging.
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As shown by the DVH there has been some improvement to the duodenum, and the
coverage of the PTV30. Furthermore, we have yet to optimize the segment weights.
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One feature of our TPS is the SWO. The SWO will automatically adjust the beam
weights and segment weights in an attempt to improve plan quality.

Using the segment weight optimizer should not be confused with inverse planning. It
is not IMRT!

Also, the SWO shall not be relied upon to rescue dose constraints. It won’t. What it
may achieve is better PTV coverage.
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The segment weight optimizer does however take dose objectives. The objectives
for the PTV-low and PTV-high should be provided. And we have found that it is a
good idea to include some dose constraints for the NCO to prevent the SWO from
going too far astray.

The SWO is not infallible. We will often try both manually adjusted weights and
computer adjusted weights to see which is more ideal.
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Once all the adjustments have been made by an experienced dosimetrist the final
plan is shown here. The low isodose conforms nicely to the low-dose PTV. The high
isodose may not conform to the high-dose PTV, but the goal is not to produce a

homogeneous dose distribution, but rather a heterogeneous one with a hot spot in
the high-dose PTV.
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As can be seen from the DVH all the objectives have been achieved.

The dose to the duodenum does not exceed 38 Gy. Plus the PTV 30 and PTV 35
are well covered by the 30 and 35 Gy dose.
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The planning technique | just illustrated is not limited to 30 and 35 Gy.

In this CT image we see a dose painted plan with a PTV 35 and a PTV 40. You can
see that in this case the isodose lines more closely surround their corresponding
targets.
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Here is another example.
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We are also not limited to only two dose-targets. In this example you can see that
there are three dose-targets, a light blue 25 Gy PTV, a dark blue 30 Gy PTV, and a
red 35 Gy PTV. Once again the corresponding isodose lines match the contours
well.
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This is of course more convincingly illustrated by the DVH.
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This planning technique is also not limited to the pancreas.
Here is an example where it was used on a tumor in the liver.
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The most interesting application of this planning technique is shown here. In this
case the separate legions in the liver were treated.

These examples help to demonstrate the versatility of this planning technique.
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The diagnosis of pancreatic cancer is a frightening diagnosis.

However, the cancer can be cured, provided a negative margin resection is
achieved.

Most patients do not present with ideal tumors, and a resection is often not possible.
However, within the group of unresectable cases there is an emerging sub-class
that is deemed borderline-resectable

Through successful neoadjuvant therapy it may be possible to shrink the tumor
sufficiently so that a resection can be attempted, a resection with negative margins.
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The current standard of care is a “hit hard”, “use everything” approach, with the
intended goal of shrinking the tumor.
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Can pancreatic cancer be cured? Not yet. The probability of long-term survival has
significantly improved over the last 5 years. Currently, about 20% of cases can be
“cured”. Interestingly, about 20% of patients presenting with pancreatic cancer are
resectable. By moving a percentage of the cases that presetn as non-resectable to
resectable — the so-called borderline-resectable case — it will be possible to increase
the cure rate. By how much is unclear, but even if the change is from 20% to 25%
that still represents a 25% increase!
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