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Post-Operative Radiation Therapy for Cancers of the Head and Neck: indications, Results, and Future Directions,

with Dr. Alex Lin
Dr. Weiss:


Hello, my name is Dr. Weiss; I’m a Medical Oncologist at the University of Pennsylvania and faculty member for GRACE, The Global Resource for Advancing Cancer Education.

Today I’m happy to introduce Dr. Alex Lin; Assistant Professor in the Department of Radiation Oncology at the University of Pennsylvania, who will be speaking today on post operative radiation for cancers of the head and neck; indications, results and future directions.    

Our program is supported by an educational grant from Eli Lilly who had no input into its content.  

Dr. Lin has indicated that he has no conflicts of interest to declare. With that I’ll turn it over to Dr.Lin.

Dr. Lin:

Thank you, Dr. Weiss.  I would like to give my thanks to Dr. Weiss and to Dr. West and to GRACE for this opportunity to speak to you tonight. 

So the outline of my talk tonight I first wanted to give a brief outline and history of radiation therapy; its origins, why it’s used and then I’m going to talk a little about why radiation may be recommended after surgery.  After that we’ll walk through a typical course of radiation for someone with head and neck cancer, we’ll talk about benefits, we’ll talk about potential side effects.  And then we’ll cover strategies that we currently use to minimize toxicity.  And finally, we’ll talk about the future, which direction is this field head in and what are the anticipated results and possible advances that we can look forward to.

So what is radiation therapy?  

I’d first like to start with a brief history lesson.  The picture on the left is of Dr. Wilhelm Rontgen, and Dr. Rontgen is considered the father of diagnostic radiology.  In 1895 Dr. Rontgen discovered x-rays from his investigations when passing electrical discharge through various types of vacuum tubes.  And when he did this, he found that he could actually take images and the pictures shown on the right is actually the first picture ever taken with an x-ray: it’s the left hand of Dr. Rontgen’s wife.  For his discovery of x-rays, Dr. Rontgen was given the Noble Prize in Physics in 1901.  He was the first recipient of the Noble Prize in Physics.  

This next slide shows some of the giants of the field of radiation oncology.  There’s some debate as to who first used x-rays therapeutically, but we know that by 1897 there was a German surgeon by the name of Wilhelm Freund, and he demonstrated before the Vienna Medical Society the disappearance of a hairy mole following treatment with x-rays.  
Antoine Becquerel is credited with discovering radioactivity in 1898.  And in that same year, radium was isolated by Pierre and Marie Curie.  The Curies won the Nobel Prize in Physics in 1903 and Marie Curie won the Noble Prize in Chemistry in 1911 for her work on the chemistry of radium.  

This is a picture of an early x-ray unit used to treat patients.  The limitations of these first treatment units were an inability to produce high energy x-rays.  High energy x-rays are the ones that are deeply penetrating, ones that we can use to treat deep seeded tumors; and so the difficulty is really an inability to treat deep-seated tumors without excessive skin toxicity.  

This next picture is of a linear accelerator and these are the standard treatments that we use today, and they’re equipped to produce varying types of radiation at different energies.

The radiation that’s produced by these machines is customized to the needs of the patient and to the area that is treated.  These machines can produce electrons which are superficial, and they deposit the majority of the dose at the skin surface.  They’re used to treat tumors such as skin cancers, while sparing deeper normal tissues.  Linear accelerators can also produce photons which are deeply penetrating and deposit most of their dose deep to the skin, and they are used to treat deep-seated tumors such as prostate cancers, abdominal tumors or lung cancers while sparing the skin.  

This is a chart that just compares and contrasts the differences between therapeutic and diagnostic radiation.  Obviously therapeutic radiation is used for cancer therapy and the source is often times a linear accelerator.  Back in the 60’s and 70’s, we used a radiation-emitting source such as cobalt 60 which is still used today in many facilities, but linear accelerators are the most common type of machine that we use today.  The energy of x-rays that are produced is of mega-voltage high energy levels, compared to those from a diagnostic x-ray unit which are of kilo-voltage energy.  

Therapeutic radiation is given on a daily basis, and we have the ability to deliver dose to areas of disease, and we can also try to minimize and shape the radiation to minimize dose to normal tissues. Compare that to diagnostic radiation which delivers uniform does to all tissues in the field.

This here again is the picture of that linear accelerator.  I just wanted to walk you through the specific parts of a treatment unit.  There is a gantry, and a gantry is where radiation is emitted.  This gantry can actually rotate 360 degrees around the patient, and we can use that to deliver different beams of radiation from different angles.  The goal is to conform the radiation to areas of disease and minimize dose to normal tissues.  
What you will see here on the side is imaging panels.  We use imaging everyday in radiation.  We can take x-rays as well as CT scans while the patient is on the treatment unit.  We use these images every day to line the patient up and to try to assure that the patients being treated accurately every day.  We can make millimeter adjustments if the images aren’t lining up correctly every day and this is a concept that’s called IGRT (image guided radiotherapy).

I’m going to talk a little bit more about that later in this presentation.  Finally -- here on the bottom -- this is the treatment couch.  This is where the patient will be positioned every day, and the gantry will rotate around delivering various fields of radiation.  

This is just an example of the images that one obtains with diagnostic versus therapeutic radiation.  The image on the left has been acquired with kilo-voltage energy x-ray,s and its quality is typical of those seen in diagnostic radiology.  The image on the right has been acquired with high energy mega-voltage x-rays, and these are typical of the energies used in therapeutic radiation.  

So why might radiation be recommended after surgery?  This is a common quote that I get from patients when I see them in consultations. They’ll tell me “Doctor. I just went through a major surgery, my surgeon told me that he or she got it all. I really don’t think I have any more disease left. Why am I seeing you today to discuss radiation?  And the reason I chose to undergo surgery was so that I would not need any more treatment.” 
So that brings up the issue of post operative radiation.  What’s the rationale? 
Surgery and post-op radiation is commonly used today as a strategy to manage locally advanced but yet resectable head and neck cancers.  Historically a radical neck dissection by itself was the mainstay of treatment, but what we saw after surgery alone, and very aggressive surgery, was that a large portion of patients were developing recurrent disease in the neck.  And when that happened, this was a very ominous sign in terms of long term prognosis.  So based on that, post-operative radiation started to emerge again and was being used.  And the question was which patients would benefit most from it?  

The indications today for considering post-operative radiation really depend on the presence of high risk surgical findings. That includes disease in the lymph nodes of the neck; we would look at extra-capsular extension, which is extension of the disease beyond the capsule of the lymph node, and I’ve highlighted this in yellow, because it’s been found to be the single most important predictive factor for neck recurrence and poor survival.  We also looked to see the size of the involved lymph nodes.  A lymph node that’s greater than 3 cm in size is considered high risk.  We also look at how many nodes were involved in total, and we also look at the location of the nodes.  

If a lymph node is located on the opposite neck compared to the primary tumor site, that’s important to know; that connotates higher risk.  Beyond that, we look at the margins of resection of the primary tumor.  Was the surgeon able to remove it with clean resection margins?  Was there disease at the margin of resection?  Was it a close margin?  And then beyond that we also look at things such as lymphovascular invasion, whether there’s disease found in the lymphatic and vascular channels found close to the primary tumor site and also perineural invasion; whether there’s disease involvement of the nerves that course close to the primary tumor site.

So what are the results of post operative radiation?  Multiple studies have consistently shown that post operative radiation does decrease the risk of a local regional disease recurrence.  And then the question has been posed if we do prevent disease recurrence in the neck, does this lead to improvement in survival?  This second question is a little bit harder to answer, it’s not as clear because many patients once they do recur they still have the option of undergoing surgery.  It may be more difficult to tolerate this surgery -- it may be a more major surgery; or patients can also receive radiation and/or chemotherapy at the time of recurrence.    

I wanted to show one study that examined the issue of post-operative radiation.  This is a series out of the Mayo Clinic, and it actually compares two groups of patients; it’s a matched pair analysis. So one group of patients received a neck dissection followed by post-operative radiation therapy.  The second group of patients that they were matched to received surgery alone.  And what you can see from the figures here on the slide, there are significant differences favoring the addition of post operative radiation with respect to recurrence in the dissected neck, which you can see in Figure 1; or any neck recurrence at all, so that includes dissected neck as well as the opposite neck, which has not been touched by a surgeon.  So you can see that post-operative radiation consistently yields superior control of disease of the neck long term.  If you look at it in 5 years, you can see the difference between the two groups is on the order of 30-40%.

This also interestingly shows that if you prevent a loco-regional recurrences, you can actually improve the chance of survival for these patients.  So if you look at Figure 3 on top and Figure 4 on the bottom, this shows cause-specific survival as well as overall survival.  And what you can see is that significant difference in controlled disease in the neck leads to a significant difference in chances of survival long term.  If you look out at 5 years, there’s about a 20% higher likelihood that someone would be alive and cancer-free at that time.  So this is just one series, but it shows that post-operative radiation does indeed improve the chance of disease control in the neck, and this may lead to greater chances of survival and cure.  

I also wanted to touch briefly on when we would add chemotherapy to radiation.  So adding chemo to radiation intensifies the treatment, and it’s really indicated for high risk pathologic findings at the time of the surgery.  Specifically, residual disease; so a positive margin at the resection or extension of disease beyond the capsule of the lymph node.  And there are two randomized trials that were recently published, and when in taken in total, it shows a survival benefit with chemotherapy for the indications listed above. But I would like to give an introduction to tomorrow’s topic: Dr. Ezra Cohen is going to be discussing this topic in further detail.  

So next I want to walk you through what a typical course of radiation would be like for a patient for head and neck cancer.  

This is a flow chart: we would start with the initial consultation.  At the time of consult, what I like to do is sit down and obtain a complete history, talk about how things started what are the symptoms that brought the cancer to attention.  Review the diagnostic workup, scans, biopsies and results from surgery.  I would review in detail what was done, what type of resection was done, what are the pathologic findings, what are the high risk pathologic factors that I mentioned earlier that might lead me to strongly consider and recommend a course of post operative radiation.  

We would then conduct a physical exam and evaluation, and we’d check to make sure that the patient’s healing adequately from their surgery; making sure that they’re in shape and ready to undergo a course of postoperative radiation.  And then I would check the site of surgery and make sure that there was no sign of recurrence or persistent disease.  Those are all things that we would need to know prior to deciding radiation fields and coming up with a treatment plan for the patient.  I would then discuss the indications for radiation, what are the risks of disease recurrence based on the pathologic findings from surgery, what is the potential role of radiation in reducing this risk.  And so this would lead to a discussion of what the benefits and the toxicity of treatment.  

There’s no doubt that radiation to the head and neck can cause toxicity, and we just want to always make sure that the patient always understands that the pros in a certain case would outweigh the potential risk.  And after discussing potential side effects I would then schedule pre-radiation evaluations and then after that a treatment planning session.  

The pre-radiation evaluations are with practitioners and people who are involved with head and neck cancer care that perform very important evaluations that need to be done prior to radiation.

I wanted to touch a little bit on the treatment related side effects.  I’ve broken them up into acute side effects, things that you might see during treatment and the months following treatment, versus late side effects, which are side effects that may not show up for weeks, or even months or years after treatment is done.  And this list is in no way meant to be a comprehensive list, but I wanted to list some of things that I thought were most relevant.  During treatment, during that 6 or 7 week course of radiation most patients will develop dry mouth and thick saliva.  This is due to the salivary glands being exposed to radiation.  It’s something that’s almost unavoidable, and it’s just a consequence of therapy during the course of treatment.  

Patients will have irritated skin by the end of treatment.  Skin will become red and irritated like being out in the sun too long, and I would see patients on a weekly basis and assess their side effects, and we can give them lotions and soaps to place on their skin if they’re having a lot of irritation.  Radiation of the head and neck often times irradiates the taste buds, and this can lead to taste changes.  Patients will often tell me, “I’m having a hard time eating, not because I only have dry mouth but also because food just doesn’t taste the same; I used to enjoy eating and now I can’t find foods that taste good to me.”  Radiation can cause fatigue, and it can cause difficulty swallowing because of sores in the mouth and throat has developed.  

The lining of the mouth and throat is exquisitely sensitive to radiation, and during the course of treatment the lining can become irritated and can slough off.  That leads to findings consistent with what’s called mucositis -- irritation of the mucosa of the mouth and throat -- and it can be very painful.  And so for all those reasons I listed here in the acute side effects, patients can have a really hard time eating, drinking, staying hydrated, and maintaining an adequate daily calorie intake.  So that’s why I always counsel patients it’s very important to be aggressive with nutrition and hydration during treatment.

Some of the late side effects I’d like to talk about:  dry mouth; in many patients dry mouth is permanent and this is a very common side effect with conventional radiation techniques.  Now that we have a better ability to spare the salivary glands with our techniques, we’re seeing in many patients the salivary production actually improving after radiation is completed.  In can take several months and up to a year, but many patients can have some component of significant salivary recovery.  Having dry mouth will lead to a higher risk of cavities and in doing so patients may be at higher risk of developing teeth that need to be extracted.  When that happens there is a high risk of damage to the mandible, so we try everything that we can to promote good dental hygiene to prevent this from happening.

Radiation can also cause your thyroid to underperform.  And a small percentage of patients will have difficulty swallowing long term after radiation therapy.  At University of Pennsylvania, there is less than 7% risk of long term dependence on a feeding tube, and there are ways to try to minimize this risk that a patient can do during treatment.  Exercises and compliance with the treatment plan can really minimize this risk as well as carefully designed radiation fields.

And the last late side effect I have listed here is a malignancy that’s induced secondary to radiation.  This is something that is actually very rare, something that would be a cancer that develops in a previous radiation field that is different from the original cancer.  Again, it’s rare but I do need to mention it and it could be a relative issue for patient who are very young who receive radiation and have many years to live and have the risk of developing malignancy during those years.

I wanted to mention the potential side effects of radiation to lead into the concept of pre radiation evaluations. 

So I send all my patients to see a dentist here at the University of Pennsylvania: this is a dentist who is trained and specializes in performing pre-radiation evaluations.  They’ll do a thorough examination of the teeth. They’ll make customized fluoride trays for patients knowing that they’re going to be at increased risk of cavities long term after treatment.  So fluoride treatment is going to be a lifelong thing for our patients.  They’ve often made customized molds for people who have a lot of fillings, and the metal from the fillings can actually alter and cause scatter from the radiation to that area, and the molds can actually try to decrease that scatter, and potentially decrease the side effects in that area.

And after evaluation, if there are teeth that look bad enough that they will likely need to come out in some point in the future, extractions may need to be done on those teeth up front, so that we can avoid the risk of having to extract teeth after radiation is done, at which point there would be a higher risk of damage to the mandible.  

All patients are also seen by a nutritionist.  As I mentioned before, there are many reasons for a patient to have difficulty eating and drinking and maintaining hydration during therapy, so we have a nutritionist that specializes in optimizing caloric intake and working with the patient and really helping them through the course of their treatment.  Many patients are recommended to get a PEG tube inserted.  This is a tube that goes into the stomach, and it’s for patients who cannot maintain nutrition adequately with their oral intake, and so a PEG tube is put in through the stomach, and they can get additional fluids or liquid tube feed through their PEG tube to support them through therapy;  at which point after treatment if they’re able to eat and drink normally again and hold their weight, the PEG tube can then be removed.

This is something I don’t recommend to all patients.  There are many patients who are self-motivated and are healthy, and they think they can actually be proactive in staying hydrated and eating and drinking through treatment, with the acceptance of good pain control, and I actually applaud those efforts, and like seeing patients who are able to do that.  Because I do think that by doing that, it reduces their risk of depending on a PEG tube long term.  I look at the muscles that assist with swallowing as any other muscle, if you don’t use it you lose it.  So many patients who get a PEG tube can be dependent on that, often times don’t exercise their swallowing muscles, and then they’re unable to regain their function long term after treatment is done.

And the last thing I’d like to make sure that all patients do is to send them to our speech and swallow therapist. They perform a baseline evaluation to see how a patient swallows, whether they’re having any problems currently with aspiration or difficulty eating solids or liquids.  They also advise them on exercises that they can perform during treatment and after treatment that allow them to swallow and maximize their ability to swallow.   Again this ties into the risk of long term swallowing dysfunction.  If we do all these things up front it really minimizes the risk of long term PEG tube dependence.

I next want to talk about at the treatment planning session: we often call this a simulation.  This is when a patient will come in, and we will acquire the images that we need to assist in designing our radiation fields.  Most commonly we use a CT scan to acquire these images, and this picture here on the top right is a typical CT scanner.  There is a couch here that the patient is positioned on -- they’ll lie flat either on their back or on their belly, most commonly for head and neck cancer they lay on their back -- and then the patient is sent through the bore and we acquire images.  

We use a mask to mobilize the patient, and this is a picture of a thermoplastic mask here on the bottom.  This is a mask that’s made of a mesh, it’s plastic and it conforms to the shape of a patient’s anatomy.  The purpose of this mask is to help the patient to stay still during this treatment because we’re using very advanced techniques of radiation and treating with millimeter accuracies, any type of movement during the treatment could actually throw that off.  So that’s the purpose of this immobilization mask.

There are other ways to obtain simulation images.  We can use PET/CT scan or MRI and often times we give contrast in out head and neck cancer patients to assist with visualization of important structures and vessels that we need to identify when we’re trying to come up with a radiation design and plan.  

This is just a representative actual slice on a CT scan.  And the simulation actually acquires a whole stack of these images so that we can reconstruct a patient’s anatomy 3 dimensionally, so we can identify areas at risk of disease as well as normal tissues that we want to avoid. 

This is a picture of a PET CT simulator.  So as I showed you before, we acquire CT images, and that’s what we do our radiation design and dose calculations on.  PET scans have been used recently and very increasingly so for head and neck cancer patients because PET images are based on metabolic activity.  We know that cancer cells are more metabolically active, and when we inject radioactive glucose, the cancer cells will take up that glucose more avidly than normal cells, and so when we obtain PET images it gives us a great metabolic map of where a tumor may be.    The disadvantage of PET is the anatomic information and the quality of the anatomy is really lacking, so when we use a PET/CT simulator we can get both a PET scan and a CT scan at the same time.  And we can obtain the metabolic as well as the anatomic information of a patient’s cancer.  It’s a great tool that we’re now using here at Penn for treatment planning for head and neck cancer.

I want to show you some images; this here again is a CT scan of a patient who has a left sided tonsillar cancer.  And so when I’m looking at the scan I can identify two areas that look suspicious to me.  The primary site, the tonsillar fossa looks like there’s a mass there, and you can see in the contralateral neck there’s this round structure that looks like a lymph node that’s involved.  When we obtain a PET/CT simulation, you can see that the primary site lights up where we expected it to be.  You can see the lymph node on the opposite side; it doesn’t really light up as much as I would expect, but that’s because there’s something called central necrosis, or dead tissue in the middle of that lymph node.  

But the most interesting that I want to point out is the presence of this small lymph node here in the left neck that lights up.  This actually turned out to be a positive lymph node, and if we didn’t have the PET information, if I were just to look blindly at the CT scan; it would appear to be a normal sized lymph node.  So having the PET information on this scan allowed me to escalate dose and treat this area to the same dose as other areas of gross disease at the primary site and in the opposite neck.  So it makes a large difference in our treatment planning, having this information.

I now want to talk about the details of daily radiation. A typical course of post operative radiation for head and neck cancer is about six weeks.  Treatment is delivered mostly as outpatients, and most patients are healthy enough to come in every day, five days a week for their treatment.  We measure radiation in units of Gray, and a typical course of post operative radiation is from 60 to 66 Gray; the time spent on the table is on average 15 to 30 minutes.  I usually tell patients to expect to spend about a half an hour each day in our department.  And they’ll have weekly visits with me and other members of the medical team to assess how they’re doing and to answer their questions and to try to stay ahead of any emerging side effects.

I mentioned before the concept of image guided radiation therapy, and what we do here at Penn is we use daily imaging in our head and neck cancer patients.  The images on the left are images that were generated at the time of treatment planning, at the time of simulation.  And the top left image is an image that was taken from the front and anterior field and then on the bottom from the side.  And when a patient comes in everyday for treatment, we take those films again.  Once on the top right a film from the front, and then on the bottom from the side.  What we do is we align these images and we make sure that the measurements that we take from the daily images reflect the same location as the time of simulation.

We could also do this with a CAT scan.  We could acquire a CAT scan on the treatment machine, and it’s called a cone beam CAT scan.  Now the quality of this CAT scan is not as good as a diagnostic CAT scan, but it’s good enough for us to be able to use to align patients daily.  And this image here is an overlay of the cone beam CT on top of the treatment planning CT.  You can see here there’s a little bit of displacement of the verterbral body -- you can see that there off by about a half a centimeter -- so when we use these images, we acquire them on the machine, and then we compare them to digitally reconstructed images from the simulation.  

We can look for changes which may have occurred either due to weight loss, or someone has a large mass that is shrinking, or if there’s internal organ motion or even human error; maybe the setup is not reliable every day, but when we acquire daily images we can minimize those risks and we can apply shifts to the patients without even going into the room.  We can make shifts on the order of even just a millimeter or two.  And we can verify with imaging on a regular basis, whether daily or weekly, for head and neck patients here we do daily imaging and this allows us to treat patients safely and reliably.  

I want to talk a little bit about the techniques of radiation.  This is an image that shows conventional radiation techniques.  So before we had the ability to acquire CAT scan, often times we just took plain x-ray films, and we would take on film from the side and one from the front.  We would identify on this film where we thought the tumor was, and then we would draw these ports of radiation to incorporate the primary tumor site as well as the neck lymph nodes here.  We also, from the front, we would draw these fields that would treat the lymph nodes near the collarbones; and this was all based on bony anatomy.  We did not have the advantage of 3 dimensional information.  

As you can see, the radiation field that came from the side or from the front would encompass areas of tumor but it would also dose whatever normal tissues were in its path.

I want to contrast that to the techniques that we use today, and a commonly used term in radiation oncology today is intensity modulated radiation therapy, or IMRT.  And so unlike conventional approaches, IMRT really has ability to conform the prescription dose to the shape of the target in 3 dimensions, and when it does this it reduces the volume of normal tissues receiving high doses and therefore potentially reduces the risk of side effects.

This image here on the right is a digital reconstruction of a patient with breast cancer.  The breast here is outlined in brown, the pink is the tumor bed, and then the green are lymph node sites that need to be treated.  And what’s outlined in red is the heart and the yellow is the left anterior descending artery.  These beams here that you see are multiple beams that are shaped to treat the breast as well as the tumor beds and the lymph nodes as conformally as possible while minimizing dose to the heart and vessels.  Within each beam you can see these very small beam-lets; each of these beam-lets may be of different intensity.  And by shaping the intensities of each beam you come up with a very conformal smooth radiation plan, again with the goal of delivering radiation dose to potentially involved areas and minimizing dose to normal tissues.  

This is a representative image for a patient undergoing IMRT for a head and neck cancer. I just wanted to point out here, you can see that there are areas we want to target.  So the area in purple are sites of potential microscopic disease on the left as well as on the right which are shaded in the orange.  And you can see that we can deliver high doses to these areas and still maintain relatively low doses to normal tissues.  So this is a target, and this is the left parotid gland, which is a major salivary gland that sits right next to the target.  You can see that we’re keeping a large portion of the left parotid gland to a relatively low dose; by doing so we can minimize the risk of long term dry mouth.  Many of these patients at a year after treatment have regained meaningful salivary function because we’ve been able to spare a good amount of normal parotid gland.

This is an image for a patient who was treated with IMRT for prostate cancer; as you can see I’ve outlined the bladder, the prostate in orange in the middle, and then the rectum here posteriorly.  I’ve been able to put the doses of radiation delivered here based on color; you can see that red is the area of high dose radiation, and it’s really been confined to the prostate and minimizing dose to the bladder and to the rectum. Again, this has yielded really very low rates of acute and long term toxicity in our prostate cancer patients, and they tolerate treatment very well.  

So what are strategies to minimize toxicity?  We have spoken about some of the toxicities before, but in terms of how to manage acute toxicity, there are several ways that we do this.  We have a weekly visit with the physician and the medical team to assess side effects that are emerging, and then we try to intervene before they get problematic.  So we use supportive care, whether it’s medications or hydration or maximizing nutritional support, use of swallowing exercise and support groups. 

And then one thing that’s also very important that we use is radiation technique.  As we’ve shown you tonight, using techniques such and intensity modulated radiation can really try to minimize dose to normal tissues, and that may translate to less severe acute side effects as well as late side effects.  So ways to combat late toxicity are again to use well-designed radiation and field techniques to target areas of disease and to spare normal tissues, and then it’s important that patients are compliant with follow up.  They need to use their speech and swallowing exercises; they need to obtain swallowing evaluations after treatment; they need to be compliant with their dental care and all of these things. It’s really a team effort to try and maximize cure and minimize toxicity.  

So again, I just wanted to show this image of IMRT for the head and neck. This is how we try to minimize long term toxicity, by using our techniques to spare the parotid gland; and other similar structures.

This is another representative image; you can see the areas in green here are receiving high doses of radiation to an order of 70 Gray.  And this area here in the middle is actually the voice box, which doesn’t have any, in this case doesn’t have any areas at risk and so we want to try to spare the vocal cords.  

You can see by shaping the radiation we can give high doses of radiation to areas right next to the vocal cords but maintain a low dose of radiation to the vocal cords at 35 Gray -- half the dose of these areas right next to it -- and once again the same picture from the IMRT plan for a prostate cancer patient, demonstrating the same concepts.  

I also want to touch a little bit about future directions.  What are we trying to do to really improve the therapeutic ratio for patients?  

I did want to discuss a little bit about proton therapy.  Here at Penn, we have a brand new proton center: it’s the Perelman Center for Advanced Medicine, the Roberts Proton Therapy Center.  And on the right this is a representative image of a treatment room.  

This is the gantry, once again similar to a linear accelerator; this is the gantry right here.  The patient will lie flat on a couch, and this gantry will rotate around the patient 360 degrees to deliver several fields of radiation.  

I want to talk a little bit about the physics of protons and explain why they may be advantageous for many patients with cancer.  So proton beam therapy is an advanced for of external radiation that allows for very precise conformal capabilities; potential higher dose given to the tumor and a lower dose to healthy tissues.  A lower whole body dose and a sharp fall off of radiation dose, which can allow us to spare critical organs that are next to the tumor.  

This graph here shows the difference between photons and protons.  If you could imagine that this area here in tan is the tumor; with photons to adequately treat this, you’d have to treat a lot of tissue that comes before the tumor and some tissues that are distal to the tumor.  So you’re using a lot of radiation dose, and there’s a lot of exposure to treat this small area.  With protons, you can see that the tissues before the tumor are getting a lot lower dose, and then you get to an area of the tumor where you get therapeutic doses of radiation and then you have a rapid fall off.  This here is called a spread out Bragg Peak, and after the tumor radiation exposure to the distal tissues goes to nothing.

So we anticipate that by appropriately using protons, this can potentially lead to improved local tumor control by escalating the dosage of radiation to the tumor or decreased toxicity.  

This is an example of a trial that’s treated to the brain as well as the spinal cord for malignancy.  This is a technique called cranial spinal irradiation.  And then this is a similar plan using protons for that same patient.  You can see once again, the whole brain is being treated as well as the spinal cord; however the radiation dose stops really at an edge, halfway through the vertebral bodies.  So all these tissues in the thorax, tissues in the abdomen that were previously being exposed with photon irradiation with protons, they’re getting no radiation whatsoever.  This is a very important issue for children who are at high risk for developing long term radiation toxicity.

This slide here illustrates the ability of protons to really stop on a dime, as we had shown on the slide before.  So image “A” here is before treatment, image “B” overlays what we had planned with protons and where we expect the doses to go; and then image “C” is an MRI obtained after therapy and you can see bone marrow changes in the vertebral column.  This is reflective of changes from radiation, and you can see this very sharp edge that goes down reflecting the area that we treated with protons -- so yes, protons really do stop on a dime like that.  You can imagine what potential benefits this may have for future patients.

So I just wanted to summarize the topics of tonight discussion.  Radiation therapy has been used for over 100 years in the treatment of cancers.  Post-operative radiation is indicated for high risk features discovered at the time of surgery for head and neck cancer patients; and the use of post-operative radiation can significantly reduce the risk of disease recurrence.  

Current radiation treatment planning utilizes state of the art technology and imaging, and we do this to optimize treatment of disease while minimizing doses to normal tissues.  We use image guidance daily to evaluate and reposition the patient to insure maximum accuracy.  Techniques such as intensity modulation of radiation may decrease the toxicity of treatment and better preserve normal function.  And future directions will be focused on safe escalation of dose, reduction of doses to normal tissue, and possible development of agents that can selectively sensitize tumor cells to radiation.

I thank you for your time tonight, and would like to open this up for any questions.
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