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Dr. Gregory Foltz: Well, hello, everyone. Welcome to Seattle. I’m going to stand out here. Can you hear me okay? Great. I was tasked with, really, the opportunity to come and speak with you today about the importance of tissue collection and how that’s done to allow genomic studies. But I thought I would take the opportunity also to relate to you the importance of this at the community level here in the state of Washington. And to do that I want to introduce my particular interest, which is brain cancer, and how we’re helping patients really across the state now with our programs here. 
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So this is just a couple of patients just to introduce you to brain cancer. This is a scan of a 17-year-old, who, between his junior and senior year of high school, his parents noticed that he was not as sociable as he normally would be with the family, and he spent a lot of time in his room. They thought he was just going through a teenage type of adjustment, but it got to the point where he was really a different personality. He was surly and seemed to be angry a lot and pretty soon was sleeping all the time, if you can believe this deterioration over just a two or three month period.They actually thought he might be doing drugs, and they referred him to the high school counselor, who instantly realized something more was at play here. And what you’re seeing here on the scan is brain cancer. This is an early stage of cancer, but it represents a significant challenge. There’s the forehead; there’s the back of the head and both sides. The way MRI scans are is the opposite of what you think. This is the left side, and this is a tumor that’s right in the middle of his dominant hemisphere. This is the part of our brain, of course, that’s in charge of our memory and cognition—really an incredibly difficult place to consider an operation.I show this film because I think it’s revealing of why it’s important to have advocacy in any disease, but particularly with cancer. This young man lived just 40 miles north of where we’re sitting today, but the hospital that he went to is a community hospital, it’s in a fairly rural area, and the neurosurgeon who saw him there is now retired and actually told the family there’s nothing that could be done here—that this was a tumor that was, because of its location, inoperable, and he was slowly slipping into a coma, and that they should prepare for his final moments.It was really through advocacy, the fact that the mother had a friend who was a nurse who had a friend who worked downtown that was familiar with cancer advocacy groups, that they got hooked up with one of our local supporters, who said, “Maybe you should get a second opinion,” and brought that patient down.So in a very real way, advocacy impacted this outcome, and we successfully removed that tumor completely. It’s in the earliest stage of brain cancer, and with treatment we expect him to actually be hopefully cured, but certainly have long term remission. He went right back to his normal self, back to school, and went on to community college and is now working in the community. So advocacy is very important. People think it’s sort of peripheral in what we do. I actually am completely of the opposite feeling. I think it’s central to what we do. It used to be central in education only; now I think it’s central in what we can accomplish in the treatment of the disease. And I’m going to give you some other examples of that.
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Well, that’s one view of brain cancer, but here’s another. I would challenge anyone to find this tumor. This was a 23-year-old girl that is pregnant with her first baby and presented to the emergency room after a seizure. She had otherwise been completely healthy, so, very unusual. And in fact, on this scan, do you see it? It’s a tiny little speck of white right there. That is, as it turns out, brain cancer.She went on to deliver the child. We repeated the scan at that point because she had refused to consider any treatment, of course, while carrying the child, and at the time we redid the scan it was grown to be about the size of a blueberry. It was glioblastoma, which is the most malignant form of brain cancer, and she went on to die before her baby’s second birthday.So we face tremendous challenges in this field. One challenge is just simply education of what’s possible, because technology advances so quickly that even in the state of Washington, with great medical centers, there are still pockets where people just aren’t aware of what’s possible.And then the second challenge is the disease itself. This is one of the most aggressive cancers known to mankind. It has resisted all attempts to try to improve outcomes for over a hundred years. We see great hope now in the work that’s being done at the NCI and funded by the NCI to help these patients. And our need now is to bring these new developments to the patients as quickly as possible. That’s really what we’re going to focus on today.



Patients with Brain Cancer in the Pacific Northwest 
face an Especially Deadly Dilemma

• Highly aggressive and incurable

• Survival rate of 1 to 2 years

• Only three new treatments approved in last 
25 years, all palliative

• Very few clinical trials

• Travel often required for advanced care
• Durham, NC; Boston, MA; Houston, TX; Los 

Angeles, CA; and San Francisco, CA

• Lack of treatment options = Lack of hope
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So our last slide: introduction to brain cancer. I think most of the people in the room are familiar with this. Survival is still measured on average at about 15 months. Recurrences from the time that I remove that little blueberry—the time to recurrence averages just 7 months. Once the tumor recurs, it’s rare that people live 6 months after that. It is an incredibly aggressive and devastating disease, not to mention that it affects the brain, which is, of course, for most of our patients, something which they very much depend on for quality of life.If you just look at treatments and advances, of course we’re reasonably excited about the future because we have seen some developments here, just in the last 10 years, but we have three FDA-approved treatments now. But unfortunately they’re all just palliative, meaning that we do have something to offer patients, but it just temporizes—ultimately we lose control of this disease, and at that point in time there’s very little that can be done. And the average survival has not been bumped much at all—just a couple months, by these treatments.For me, the real tragedy of the disease is something that lies beyond that, however. There are things that can be done today to help these patients, things that help them on a day-to-day basis, deal with the disease and deal with the ramifications of the disease with their family and with their community. Those kinds of support services are desperately needed, and, I feel, play very much into survival, because, if a patient has strong support, as you know, they’re much more likely to participate in clinical trials and new research programs that allow us to learn how we can help them better in the future.The fact that these patients are scattered throughout the state and that the outcomes have been so horrible means that the message they typically hear is, “There’s not much to be done.” And I would say 50 percent of the patients I see for a second opinion have been given that message, just like this young man that I told you about. As a result, there are very few clinical trials that ever get off the ground. So we have a real job to do as advocates for these patients to build their awareness, to build their enthusiasm for wanting to see this change occur, and having it occur where they’re located. Now we’re lucky to live in Seattle where there are a number of great institutions. I trained at all of them, so I know them very, very well. Having said that, there’s a big part of Washington state that lies outside of Seattle, and you might as well sometimes be in another country, because there are real barriers to coming across the state: financial barriers, time barriers in terms of the urgency of treatment. And those are all problems that we need to solve.And when you’re dealing with a disease like brain cancer, which is relatively rare, compared to other more common cancers, there are certainly a few centers of excellence around the country, and many patients feel like they have to travel to at least see what’s available, and for many patients, that’s a hardship. In terms of my patient population, only about 1 percent can afford to make that kind of trip.So you can see the task before us as advocates for patients, from the physician to caregiver to the community member who cares for these patients; we have a lot that we can dig into here to bring about positive change. 
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Well, let’s talk a little bit about the disease itself. This is the number the American Cancer Society—standard sort of map of number of new cancer cases each year—and there’s 30,000 in our state. 
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If you look at all the cancers, you can see brain cancer’s way down here. Nationally, it’s about 20,000 people a year. And that is comparable to ovarian cancer, but much less than what you would see for the more common types of cancers, such as breast, lung, skin, etc.



Discharges/Hospital # Hospitals Examples Total Discharges/Group

1-10 17 Whidbey, Olympic, 
Stevens, Skagit Valley

86

11-20 10 Auburn, Valley, Highline, 
Kadlec

153

21-40 10 Northwest, Overlake, 
Evergreen, Prov-St P

322

41-82 4 Harrison, Sacred Heart, 
PEMC, Virginia Mason

258

167 1 SCCA (UW, HMC, SCH) 167

200 1 Swedish Medical Center 200

WSDOH CHARS DATA 2007
Distribution of 1186 brain tumor patients

561

6256

37

Patients benefit from participation in research trials
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But this is what’s really interesting, and I think this was the real lesson for me. I had spent my career in the big academic centers, and, of course, there’s a lot of excitement going on in the academic centers. What I learned from a brief sojourn in a state called Iowa is that, for 2 years, is that there’s a tremendous number of patients that never make it in to the big academic center. Now, University of Iowa is the only academic center in Iowa, and they actually pay to bring patients into that center. There’s a special healthcare plan there, where you can get free transportation to the hospital if you need that type of tertiary care. And even then, they did not capture the majority of cancer patients in that state.So I came here, the first thing that I did was I wanted to know, where are these patients located? Why is it that we have such poor enrollment in clinical trials? Two percent of all patients who have this disease enroll in a clinical trial. Is it location-dependent? And these numbers are quite revealing. So in the state, this is from the Washington State Department of Health abstract data, there were 1,200 cases of brain tumors as their admitting diagnosis. This is in 2007. If you take a look at how those numbers play out, half of those patients were seen at these six hospitals, of which Swedish and the University, which comprises three hospitals, each see about 200 patients a piece. And then the other 200 patients are seen at these four hospitals, who are seeing between 40 and 80 apiece. And I would conjecture that these numbers are satisfactory to have a focus that would allow you to bring the latest in knowledge and treatments to the patients. But take a look at the other 600. They’re being seen at hospitals across the state who are seeing anywhere from 1 to 10 patients a year to less than 20 a year. And you know, if you’re a busy oncologist, and you’re seeing patients in clinic, and you’re seeing 10 of these patients a year and maybe several hundred of other types of patients, that this is not going to be the type of priority that it deserves to be from the patient’s perspective. And as a result, if you look at every one of these hospitals, there are no clinical trials that are being offered.Now clinical trials require a lot of energy on the part of the doctor, and it requires a lot of energy on the part of the hospital staff. It requires funding on the part of the hospital, and it’s just not going to happen for 10 or 20 patients at a time. It’s exceedingly unlikely.So that was really the lesson for me. These patients, brain cancer patients—perhaps uniquely, but I think it’s true of any cancer patient—would benefit from clinical trials, but they particularly need clinical trials because every one of our treatments is palliative only. So their only chance at improving survival rates is to try new treatments and for us to learn about new treatments and how to better optimize those treatments.So it always has been my contention that it’s important to get these patients into our clinical trials, and the exciting thing about where we are today in this field is that clinical trials now are moving toward a genomic base of how they construct a trial. And enrolling patients in the clinical trial using genomic data is possible, even at a distance. And I’ll talk about how we can do that. I think it’s a real win-win. We win because instead of enrolling 2 percent of patients, we can enroll many more, hopefully all patients. That means we can learn faster, and we can bring new treatments faster to the patients. And of course I think patients benefit, particularly with brain cancer, because they get the treatments earlier that hopefully will lead to better outcomes.



Beyond advancing medical treatments, what is the largest 
unmet need for those battling brain cancer?

Somebody to talk to about my cancer that is actually going 
through what I am.

Information from doctors on what they may truly experience
during and after treatments and procedures. Also, what is 
available nationally and globally in terms of other options 
and medications that are being developed.

More detailed knowledge of the recovery process once 
home.

Facing the end of life too soon.
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Well, let me tell you a little bit about how this all happened. I can tell you this was completely new to me, and when I first got here I had no idea how you would go about setting up a sort of state-of-the-art, full-service brain cancer center at a community hospital. There was no community-based brain cancer center in the entire state when I started. The only one that existed was at the University, and so I wasn’t even sure it could be done, but it had to be done, and so I set about doing it.In some ways, we were lucky. I talked to the major leaders in the field—Mitch Berger at UCSF, for instance. And Mitch said, “You know, in a way, this is an equal opportunity, because you’re not inheriting something that you have to then change; you can just create it from scratch, so you’ve got to think about what would be the ideal situation and work from there.” And so I went and talked to Mitch and some of the other heads of the prominent brain tumor programs and had a list of things, and then I realized that perhaps the most important person I should be listening to is the patient, so we did something I think rather novel. We went to 100 of my patients and asked them to tell us what they thought was most important in care. And I just want to put a few things on the board, because I think it is informative of why advocacy is so important.So beyond advancing medical treatments, which, of course, was number one on what people wanted to see us do, everything else is not medical, but rather supportive—the advocacy thing. They want to be able to have a trusted source of who they could talk to about cancer, about new treatments and the things that they might develop, and about recovery and about facing the end of life. And it was shocking: Those were the top things that they wanted to know about and they wanted to get from our center.



What should be the center's most important defining 
attribute?

Hope.

Up-to-the minute treatment methodologies

Compassion from all personnel, from the lowest to the 
highest, in all areas of the process of beginning to end 
of the discovery/surgery/recovery/survival from
brain tumors.

Hope for the future and comfort for those in need.
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And then also, what they really wanted to define is who we were. Of course, up-to-the-minute treatment methodologies, but everything else was really related to this: what I call “innovative care,” or how can we create a sense of well-being in these patients? I just can’t emphasize enough how important that is.
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And we actually constructed a rather detailed roadmap, so to speak, of every stage of the patient’s process, moving through the battle with this disease, and what the key questions were, and what we would need to provide as a center. And out of that, we got the sense that we had really a dual mission.One was to quickly get to the point where we are offering the very latest treatments and also advancing treatments of the disease, and that’s what we’ll spend most of the time talking about. But I don’t want to lose sight of this other aspect, which was taking care of the emotional and social and sort of community side of a patient’s life and battle with the disease. And I want to convince you somehow of how interrelated those two things are. I don’t think you can be successful with one without the other, because in this disease they’re both absolutely vital, and they feed into each other in terms of allowing one to be successful.



Maximize established therapies Individualized strategy

Target experimental approaches Leverage resources

Optimize Survival

Patient as partner
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So here’s the very first patient I took care of. His name’s John Topp. He is still alive today. I’ve been here five years. I took care of him about four and a half years ago. And so I like to show his picture, and he comes out on our anniversary to speak at our events because he’s a true success story. John was one of the participants in that survey, and this is what we learned from our patients. Number one: They all want to optimize survival—that’s a given—and they want to do that in a very specific way. They want to maximize established therapies. The fact that a therapy is FDA-approved doesn’t mean it’s optimized, actually, as I think we all probably know. And as our knowledge grows, we’re able to optimize those therapies for individual patients, even better. And that’s another key point—is that every patient is different, and we used to know that instinctively as physicians. You can just see them and see their life circumstance and their health issues and realize how different they are and how they may not tolerate a particular treatment, but now we know this for sure because of genomics, and I’ll show you the data for that. This is not one disease, but really a very individualized disease in its presentation.Here’s where it gets interesting for our patients—the real nexus of sort of how to be right at the leading edge and still have a good chance of deriving benefit for patients where there is uncertainty. What they said is that they want to try experimental therapies, but that they want to stack the deck in their favor. They want to have a sense that whatever it is will have a good chance of working in them. And there’s a lot of different experimental therapies for cancers; There’s immunotherapy, as you know, there’s a—I call it the “tin hat”—something called Novacure for brain cancer, which is electrical waves. There’s lots of different things.For any one patient, they probably just have one chance at getting that benefit. If it doesn’t work for them, this disease is so rapidly progressive that they’ll lose their battle. And so they wanted me to advise them on what I thought would be the best choice for them as a clinical trial. And I think that there are ways that we can do that. And then finally—this is where you all really come in—is they want to leverage resources in their favor. Now, we live in Seattle. It’s one of the great technology cities of the world, both from the point of view of computational expertise—and that helps us with our genomics studies—but also in terms of biotech. We have the Fred Hutch; we used to have a number of biotech companies that keep getting bought by Amgen and others. But we’re all here in town, and that expertise is here in town, and our patients want us to tap into that. So it’s a real grassroots effort to try to move the field forward by tapping into the community, and we see the patient as a real partner in that, and that’s what I learned here. Where I used to be, we never included the patients as partners in trying to further the field; they were subjects of our research and of our care. They were our patients, but the idea that they could actually come and meet with me and discuss how can we reach out into the community, and get a company interested in working on brain cancer, or get an institution to think about hiring a faculty member for brain cancer—that was a real eye-opener. And, you know, it has powered everything that you’re going to see here. So, the patient really has been a great partner and is a key to all of our success.



Integrative Patient Support Program

 Funded by the Chris Elliott Fund
 Integrative Care Coordinator
 Brain cancer support groups
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 Quality of life program
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I just want to mention, because you all represent an advocacy, that right from the very beginning I wanted to see what else was happening in the Pacific Northwest that would be of help to my patients. And what I found was that there was an individual already here that had been working here for about two, three years when I arrived that had developed a very strong advocacy group on her own and with the help of volunteers with time to help these patients. And she’s actually here right now—Dellann Elliott—and she has an organization called the Chris Elliott Fund, which is named after her husband, who died of glioblastoma. And they have an amazing presence in our state for education and awareness—and particularly the importance of the genomic advances that are happening in our field—and has close ties with Rhonda Penot and others at Dana-Farber who have been closely tied up with TCGA. So there’s a lot of integration here. The Chris Elliott Fund actually funds all of this integrative patient support that I told you about that absolutely is not paid for by insurance. So we have to get funding from advocacy, and, again, without all of this that keeps our patients healthy in their emotion and in their mind and in their ability to fight this disease, we wouldn’t be able to do much of what we’re able to accomplish.

http://www.chriselliottfund.org


Institutions:
Swedish Medical Center 
Swedish Neuroscience Institute 
Arnold Cancer Institute 
Providence Everett Medical Center
Providence Regional Cancer Partnership 
Everett Neurological Center 
Providence Sacred Heart Medical Center
Providence St. Peter Hospital
Kadlec Medical Center
St. Joseph Hospital 
Institute for Systems Biology 
Allen Institute for Brain Science 
Accium Biosciences 
Cellnetix Pathology 
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I just want to show you a picture of the state. This is one of the real challenges of trying to do anything at the community level, and I think one of the real barriers is that institutions simply don’t work well together, easily together, I should say. There’s a lot of reasons for that, as I’ve learned. I was very naïve when I started this. And some of the reasons are quite real and have to do with legal issues and HIPAA and all kinds of things, but none of them are insurmountable. I can tell you that we’ve created an alliance which involves hospitals all across the state. It requires a fulltime person to work through these kinds of agreements. It requires a certain amount of willingness on the part of a legal department. There’s no reason why community hospitals cannot work together for the common good.



Promote patient-centered advances in research 
and treatment

Additive not duplicative
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Pacific Northwest Brain Tumor Alliance
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We’ve been able to accomplish that at the level of the hospital, but we’ve also been able to accomplish that at the level of research institutions, and I think this is even more remarkable, because at the level of research institutions, you have to deal with intellectual property, and intellectual property is a true barrier to sharing in today’s world. And we’ve been able to do that with the Institute for Systems Biology, which is the institute founded by Lee Hood in town, very prominent in genomics and in advanced disease. The Allen Institute for Brain Science, which was the institute funded by Paul Allen to map the mouse brain, and now human brain, and now they’re doing a map of glioblastoma. I’m very proud of our relationship with Fred Hutchinson Cancer Research Center and then a biotech company here in town. And we basically have true institutional collaboration agreements, meaning that we can freely share tissue, freely share intellectual property on any patient, so here I am in the community collecting tissue, doing all of this genomic sort of analysis and sending that tissue and analysis off to these other institutions so that they can take advantage of this knowledge that we get from this patient population.
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TCGA
Ivy Glioblastoma Atlas Project
Institute for Systems Biology
Fred Hutchison Cancer Research Center
Jackson Labs Tumor Consortium
University of Florida
University of Calgary
Accium Biosciences
Washington University (CONDR)

Tissue Distribution Program
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And I just want to point out now how this has grown. So this is the tissue-distribution program, and I’m going to go through what actually is involved with that. But we supply tissue now to TCGA, which is a—they have a very structured and detailed process for how to do that, with appropriate kits and things that are standardized. Also, for the Ivy Glioblastoma Atlas Project which I told you about—this of course is, in as many patients as we can enroll, this one is 64 patients, where there’s going to be a comprehensive map of gene expression in each of these patients’ tumors that’s made free and available online to the scientific community.We share with the Institute of Systems Biology, Fred Hutchinson Cancer Research Center, the Jackson Lab’s Tumor Consortium, which is creating a xenograph mouse representing each one of our patients, which can then go on to be used hopefully for drug testing. Universities both in America, as well as in Canada—so we even cross international borders—biotech companies, and then we’re part of the big Washington University genomic effort called Condor, which is focusing on brain cancer.So again, we’re a community hospital, but because of the way we’ve set this up, we’re able to provide this tissue and some of the scientific data that we derive from it to all of these different entities to help fuel this progress and increase the rate at which this progress occurs.
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So what’s involved?  This is the nuts and bolts of what you need to put in place, not just here, but at all these different hospitals around the state that need to collect this tissue, because I can tell you neither the patient nor the physician, the surgeon, will want this tissue collected unless it’s done in a way that doesn’t hurt the patient and is easy for the surgeon and others to do, because the surgeon has got—I’m a surgeon, so I know—has a lot on his mind at the time of surgery and doesn’t have to worry about getting everything perfectly in place.So what we have is this fellow, his name is Brett—he’s an intimidating presence in the OR—so when he walks in, people really do pay attention to him. And here he is carrying his little bucket, which contains liquid nitrogen, and, amazingly, most of these hospitals don’t have liquid nitrogen. So right away there’s this sort of very nuts and bolts, So what do we need to solve? We need, for most of these hospitals, to get them a liquid nitrogen container, the actual vat, or a deep -80 freezer, and then all of the equipment, but, again, at a relative cost that’s not too much. Here’s this little container, the little plastic tubes that we do. I’m sorry if anyone’s a bit squeamish. This is the picture of the brain. The tumor is right here, just this little knob right there, deep inside the brain. And here I am removing that tumor. And you can see—he’s just waiting there. It’s not a situation where we have to call him down to the OR, because the surgeon will never wait for the person to arrive. He’s got a patient on the table, the tumor’s coming out, the brain is—it’s a very dynamic situation, so you can’t be taking a few minutes off to wait for things.So he’s waiting right there for that to swing into action. I have removed the tumor, handed it off to the scrub nurse, and this tumor was quite small. It’s just a couple little pieces. It’s divided in half, part for the pathologist, part for the actual studies that are being done. And then the nurse, while I’m continuing to work—so there it is, the screen—she’s over there handing it off. So in my mind, I’m looking at the brain, I’m removing the tumor, I’m handing it off, and then I’m back to work, and that’s all I had to do. And I think that is the sort of thing that has to be put in place to really encourage the surgeons to take the time to do this. You collect the tumor there. He’s smiling at the camera. He’s very proud to be a part of this discussion today.Then what happens with the tumor depends on the site. So if that happened in Spokane, they’re done. They put the tumor into liquid nitrogen, it gets frozen, they put it in the box, they FedEx it over to us, and they’ve done their job. And so you can see—to collect tissue from a site like Spokane, once you’ve gotten through the regulatory issues, and that’s very familiar to anyone who’s done clinical trials, it really is a matter of that equipment that I showed you, and a person who’s available and willing to come down to the OR.Now once it gets to our lab, we do a lot of different things. This just shows you that we can map the location of the tumor in the brain so we know precisely where the piece of tumor came from. 



TISSUE ACQUISITION/PROCESSING
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This is a bigger chunk of tumor. These are all basically a centimeter or so in its dimension. And we can divide that tumor up, and we actually create little—I call them “brain cubes”—little ice cubes of tumor. There is the tumor there, frozen in liquid nitrogen, that you have this extremely uniform block of tumor tissue that we know precisely where it came from within the tumor itself that’s fixed to a base, and that way a researcher—no matter where they are—that’s been archived in such a way that they can cut frozen sections if they want to, they can do genomic studies if they want to, proteomic studies—whatever they need to do can be done.We spent a lot of time working out this method, because what we want is to provide a tumor that can be used for whatever needs to be done anywhere that it needs to be done. And I mention that because, as you know, one of the real stumbling blocks for TCGA was that they, when they surveyed all the centers and heard that there were thousands of tumors that were available, when they actually looked at them, they hadn’t been collected properly, or in such a way that the tissue could be used for these studies. So we want to be very sure that we perfect that technique, and we do all that in our lab, and we now manufactured something like 30 of these custom-made little devices, and we can share those.Okay. So that’s tissue collection. It’s not complicated, but yet it still doesn’t happen—more often than not, even at major universities more often than not, because of all these little barriers, the inconvenience barrier. Yes, Wendy?Wendy Selig: Do you do normal tissue?Foltz: We do. So we…Wendy Selig:  [Inaudible.]Foltz: Yeah, it’s a great question. So in the brain world, normal tissue is rare, but get the blood, so our standard for the normal genomics is the white blood cell DNA, and we collect three purple-top tubes for every patient and store that. There are occasions, however, when we can take some of the surrounding brain—patients don’t give up their brain very easily—but there are times where, let’s say, you’re taking out a tumor that’s at the tip of the temporal lobe, and you have to remove part of the temporal lobe. In those cases we do get the adjacent normal tissue. So we collect that and the TCGA will use that, but there’s always this caveat that these tumors infiltrate the surrounding area and there may be tumor cells there, so we can collect normal tissue. It really only gives us the opportunity about 10 percent of the time, but on every patient we collect the blood.
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Well, let me switch now. If there are no further questions about tissue collection, then we’ll show you a little bit more upstairs what happens upstairs. But that’s the physical process of it, and I think it’s possible to collect tissue at every hospital, but it’s a question of investment of resources and time. Now let me switch now to genomics, and there’s probably—you probably have already an expertise in this area—but I’d like to show you sort of our view of genomics and how we use it in what TCGA has accomplished, which has really been great for brain cancer and where I think we’re going in the future real quickly.First of all, let me tell you. I bridged the non-genomic to genomic world. I started in this field 15 years ago, and when I started the human genome project was really just in its conceptual phase, and I actually started with Lee Hood, and he was one of the guys that really was promoting that approach at the time, but everything that I knew prior to then was really not genomic based, and that really is represented by the top slides, and so I liked to think about this as sort of a new era. This, right here, is the very first microscope that was ever invented. It was invented by this man, whose name is Leeuwenhoek in the year 1697 or something, 1700. And that little device—you’d hold it in your hand, and you would put a drop of blood or water on the tip of that little needle, and you would look through that little hole with your eye, and there was a lens in there, and this is actually the picture you would see. It’s rather remarkable. These are red blood cells.And so, for the very first time, a person could look at the blood of someone who was sick and see if there was a problem with cells, or maybe if there were bacteria in the blood, and could make speculations about what caused disease, but more importantly, right, what would treat a disease. Because if there were bacteria in there today, and you gave a patient some medicine and came back, and the bacteria had cleared up, then you knew that your drug was working. So being able to see something is incredibly powerful in the way our minds conceptualize problems and think about solving problems. Well, this is glioblastoma, this is through a light microscope, and this picture hasn’t changed for a hundred years. Every patient looks the same. This could be any one of my patients. A lot of very angry-looking cells swarming around a central area [indistinguishable]—that’s the hallmark of glioblastoma.  We’ve been looking at that picture for a hundred years, and we have not been seeing what we needed to see to solve the problem.Well, in 1998, in Lee Hood’s lab, I did my first experiment—this is 96 genes on an array, you’ve all heard of the arrays, and you can see the explosion over the next 10 years.
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To where today we can look at the entire genome with a microarray—and, in fact, even microarrays now are obsolete in our lab; we use next-generation sequencing. But what this picture gives it—this is one of my patients—every one of these dots represents a gene in that patient’s tumor; and if the dot is bright, such as this one, that means the gene is turned on and express and active, and if it’s dark, that means it’s completely silenced, turned off.And you can see just by looking at this—I’m always amazed every time I look at these pictures—just that the tremendous variability that you have in gene expression. It’s not all the genes are turned on. You think cancer’s raring to go, everything’s lighting up. Not at all. There are actually more genes turned off than turned on in cancer.Every one of these genes has a name, and every one of these genes has a purpose, a function.  Many of them are unknown, and that also is exciting—that there are new opportunities to learn about things that might be helpful to us. But many of them are known. This particular gene is VEGF. And you know what? We have a drug that targets VEGF, and the fact that it’s turned on so strongly in this patient—as a clinician—makes me think, Maybe this would be a patient that would respond nice to that drug.These are the sorts of things that seeing gene expression, the power that it has on our ability to think about how best to treat the disease, but the real lesson that came from this is just how different patients are. This is just like a fingerprint, and you can look across hundreds of patients and never find two that are exactly alike. And that’s the other great lesson that has come from this, is that cancer really is a heterogeneous disease. It looks the same under the microscope, but it’s not the same at all from the point of view of the genomics.
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Now, that’s a bunch of dots on the screen, and you can look at any individual dot and say, “What does that gene do? What’s its name and is it a good target or not?” But as it turns out, genes exist in “families,” I call them, or networks in which they work together. And one gene may be part of a network in which all the genes are working together and they’re all turned on very high in the tumor. And this is a stronger indication that that’s important in the behavior of a tumor cell. And so this is just a little diagram to show how these genes can be interconnected and that in disease states those connections can be what’s causing the problems so that the whole network doesn’t function properly. And in fact, when we look at our patients’ tumors we’ll see that.



Pathway activation as a predictor of response to therapy
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This is an example from a case I’m going to show at the end of one of these currently rare—but I hope to be not so rare in the future—successes, where we do this kind of analysis and actually see something that intrigues us, and there are no other viable alternatives, and so we’re willing to try following that lead, and we had a tremendous outcome—just an example of that, where this patient clearly had these networks that were completely activated—red means it’s turned on—and networks which are completely turned off so that the hint was very clear—it was staring right at us—what we should try to inhibit or not inhibit in this patient.
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But most of the time, that’s not the case. Most of the time it’s not clear from network analysis where the best targets are, and there’s a lot of reasons for that that I’ll describe. But first let me sort of show you what we can do. This is the TCGA article—originally GBM, we were very fortunate—it was one of the three cancers selected by the NCI for this treatment, and we’re extremely grateful for that because it just supercharged our ability to move the field forward. 
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The Cancer Genome Atlas 
(TCGA)
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But what we found when we looked across, or when they looked across, the first 250 patients or so is that there are very few things in common across those patients. There wasn’t one thing that everyone had that we could target.If you look at the major alterations, either in DNA or in the actual mutations of the genes themselves, these are really the top candidates. And you can see that this one was present in 90 patients out of 250, but most of them—these are the top candidates—are present in 10 or less patients, out of 200 or so patients.So you’re talking about even things that are relatively common being in 2 percent, 1 percent of patients. This is a disease which is truly different in every single patient, and it makes us think about how best we should approach this. So that was one of the real tangible lessons.



Molecular subclasses of GBM
3 Subtypes distinguished by

1. Gene expression
2. Protein expression
3. Mutation
4. Copy Number

PN     → PDGF

Mes   → NF1

Prolif → EGFR

Phillips et al., Cancer Cell. 2006 Mar;9(3):157-73. 

Brennan et al., PLoS One. 2009 Nov 13;4(11):e7752.
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But one of the things we could do was—even though every patient’s different—we could see that there were broad groups where they were somewhat alike versus other groups. And right away two very important publications came out that divided GBM into three diseases and now, some people speculate, even five diseases. And this is important because—a very important reason. If you look at the history of the field, what has happened in the past is that a drug is pushed forward and tried across several hundred patients, and then it fails. If you really look at that data, you’ll see that it actually did work in some of the patients, maybe in 15 percent, but it didn’t meet that threshold where you even would even speculate about trying to push it forward in any kind of clinical use, to meet FDA approval, or even a commercial interest.But if you divide the patients up now into five different categories, each one more alike than not, you might find that the 15 percent that were responded were actually in this subtype and now you have a way of identifying that patient, targeting that treatment to the patient. And this is what’s generated so much excitement in the field: that we might actually have candidates now that have passed phase one, phase two, and failed phase three simply because we weren’t targeting it correctly. And we’re getting actually for the first time, I can tell you, an interest from our local biofirm companies about going back and testing some of these drugs in these patients now that we have this knowledge. So I do think that TCGA, while it did not deliver what we hoped for, which was the silver bullet—it did deliver something vital to moving forward, and it is the sub-classification of the disease so that we can match future therapies more effectively and understand the results of our clinical trials.Now I would daresay that it would be hard to find a clinical trial proposed today that doesn’t include some genomic basis for stratifying patients.
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Two gene predictor of survival
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Well, this was the early genomic basis. It was a gene called MGMT, which I’ll show you a little bit about in a second. And combined with two genes, you can see that you could even divide by survival. So we’re not talking about just different groups of patients based on genomics, but the fact that if you subdivide it up, certain subtypes would actually do better, either in response to therapy, or in overall survival. 
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And that’s really where we are today. This is our data, so I’m mixing in TCGA data with what we actually do locally because the theme of the day is the big institutions, and what’s done nationally is absolutely vital and important to move the field forward, but there’s tremendous power in bringing these approaches to the community. And this is what we were able to do, and then confirm independently with data sets from the three other big centers, is we were able to take just the best case scenario of 22 of these genes and divide our patients up into a group that does remarkably well through time, alive at three years—remember, the average survival’s 14 months—versus those that don’t. And certainly in any clinical trial that we do at this institution, we want to know this, because if we mix those together, we see a patient’s done well and we think it’s because of the drug, it may not be. It may be because they were in this group. Now it’s a small group—it’s just 21 of 160 patients or so—but you don’t want those 21 patients mixed in with the data that you would get from the trial.So the bottom line is, using genomic data today, it’s absolutely important that we’re using it to stratify patients so we understand this subgroup of GBM patients that tend to have longer survivals so we can interpret results. It’s also important to do the sub-classification for trying new therapies because we know that in certain subtypes—for instance mesenchymal—that there’s more of an inflammatory response that’s certain that these drugs are going to work differently than they would in someone who doesn’t.
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Well this is the MGMT story. This was published in 2005. We were one of the first cancers where there was a marker that predicted better response to therapy, even though our therapy doesn’t have a great response. And this caused a lot of excitement. It’s still being validated in the larger trial, but everyone is using this. It’s an example of where the community has adopted a practice pattern in advance of final confirmation because these patients—we want to give them every advantage. It’s a standard of care.



28

PromoterFocus of past tests 
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We actually—again this is our work—decided that the test that was in that paper, which only looked at a small part of the gene promoter—this is the entire promoter, this is the part of the gene that decides whether it’s turned on—that that test was looking at only a small part, and when we looked across the entire promoter in 80 patients—and this is here at our Center—what we found is that there are a whole group of patients that clearly belonged in the good category that this region of the gene just didn’t reflect. So we thought this was a better predictor. It turns out that it was. And we’re just now getting this published. So it’s a way of showing how you can have an advance around the world that was first discovered in Switzerland come back here to the community in Seattle and find a way of improving upon that by bringing these resources to play here locally that can then move the field forward.



Multigene Predictors of Response to Therapy
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Well, here’s the problem, right, is true of any cancer but certainly in our field. Right now there are so many of these target agents that are available, every one of these little circles represents a molecule which is active in this disease that we think plays a role in the behavior of the tumor cell, and then all these little text words are drugs that are currently—actually this was a couple of years ago—available that inhibit those different molecules. And the question is, In a rare disease, where there are only probably 100 patients in the entire state that even enroll in a clinical trial, how are you going to be able to do enough, get enough enrollment to really test each these drugs in any sort of rational way? And the whole field is just ground to a halt trying to figure this out.I serve on all these study sections, and we review all these big grants, and they’re doing all these really interesting statistical approaches, small little studies of five patients that then morph as they go on in time. And people are trying to tackle it, but it’s really creating a problem for us, and it’s created this idea, and I’ll just put it out there, of the n of 1—that every patient is so individual that what we need to do is get good enough with our genomics to make predictions and treat the patient based on that individual patient. And we’re getting close. The last study I saw out of UCSF had the groups down to five, so it’s an n of 5 now. It used have to be an n of 500 to make a decision, so the thing—the resolution, as I like to say—is getting better.



30

Drug Target Biomarkers

1. Genetic alteration implicated in GBM biology
2. Drugs targeting gene in clinical development
3. Genetic alteration occurs in at least 3%  

EGFR amp/mut 41%
HER2 mut 3%
PDGFRA mut 6%
PIK3CA/PIK3RI mut 7%
MET amp/mut 3%
AKT mut 16%
IDH1/IDH2 mut 7%
PTEN del/mut 70%
NF1 mut 17%
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Well, again, if you’re going to target a single gene, it’s just sobering to look at the TCGA data. So these, if you just look at any genetic alteration that occurs in greater than 3 percent, this is the only numbers you get, and most of the major players—we know who they are. And there’s a couple that are 41, 70 [indistinguishable] at 70 percent of patients, but everything else is still a low, less than 10 percent. So every patient is different. Any attempt to do a clinical trial that targets one mutation is going to fail, and, here, 97 percent of patients don’t have that mutation. You see the challenges that we face, but, again, they aren’t insurmountable.
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TCGA, Nature 2009

Challenges 

Heterogeneity
Network redundancy
Combinatorial toxicity
Pipeline
Clinical trial design
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So we have to—this is, again, TCGA data—pathways that are most active that are the top targets for our intervention. But we really have to capture this heterogeneity and then figure out how to approach these networks in a way where you’re knocking out some combination that would work in more than one patient so you can actually do a clinical trial.That’s a long sort of overview of where we’re at with genomics, what it’s brought to the field, and what I think is needed to really finish the picture and lead to new treatments. But I hope that what comes out of this is this very important idea. We don’t get anywhere without capturing this. We have to know—all these hundreds of patients that are out there—what is the spectrum of genomic alterations in their disease, and we can’t do that without the tissue. We can’t do it without going to the community to get that tissue, and then figuring out a way that we can get that genomic analysis done. And my prediction is: If we could do that, then we’d even see better numbers. I always compare it to amazon.com. When I go to Amazon, and I buy something, it always tells me what I want next somehow, and it’s usually something that I actually do want, and that’s the remarkable thing. And they probably couldn’t do that very well with their first five customers, but, once you get to millions, you can, because the resolution is so much better about human behavior.Now, human behavior is complex—more complex than 30,000 genes would be my prediction—so we’ll get there with cancer, but we need the numbers; we need every one of those patients to be enrolled.
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Standard Medical Approach

Diagnosis – MRI Day 0
Surgery – postop MRI  1 week
XRT/Chemo – post-rx MRI 8 weeks
Chemo – MRI every 3 months 12 months
Surgery and/or 2nd line chemo – postop MRI 6-18 months
Surveillance – MRI every 3 months 24 months

Average survival = 15 months
Rare opportunity for clinical trials/advanced treatment
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I’m just going to now end by showing you what we do here. Now we set this up here not knowing what the future held, but knowing that we wanted to capture today everything we could about every one of these patients. It’s almost a bond that we have, or a promise that we make, that if you participate in our clinical trials, we will store this for you as long as it’s needed, and then afterwards for future generations as needed with these patients.And many of these things—when we first started doing this, we weren’t doing any work with the tissue, but since then of course one of the reasons that we’ve become so popular is that we’ve stored it; it’s now being used around the world for various projects. This is standard treatment typical for any type of cancer diagnosis, surgery for diagnosis, and resection of tumor: chemo and radiation followed by chemo and then surveillance, and then further treatment, all really occurring intensively in the first three months; and then over the first year there’s a recurrence, and survival is only about 20 percent of patients at two years; average survival is 14 months, 15 months. And there’s rare opportunity, as a result, for clinical trials, as I discussed. 
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Ivy Center Approach – September 2008 - Present

Diagnosis – MRI Day 0
Surgery – postop MRI  1 week

Tumor/Blood bank/Tumor Stem Cell Isolation
Whole Genome Microarray/Nextgen sequencing/ArrayCGH
Ivy GAP Atlas, AMS
Biomarker Identification (MGMT, 1p19Q, EGFRvIII, PTEN, IDH1…)
Chemosensitivity screening

XRT/Chemo – post-rx MRI 8 weeks
Blood biomarker sampling

Chemo – MRI every 3 months 12 months
Blood biomarker sampling

Surgery and/or 2nd line chemo – postop MRI 6-18 months
Repeat post-surgical protocol

Surveillance – MRI every 3 months 24 months
Blood biomarker sampling

Surgery and/or 3nd line chemo – postop MRI 24-? months
Repeat post-surgical protocol
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This is what we do here, and we’ll see this upstairs. At the time of surgery we collect the tumor, any adjacent brain if it’s possible to collect it, we bank the blood, do the isolation of the white cells, and then we also isolate these tumor stem cells, and we’re actually supplying those all around the country now as well for the patients. But we do a complete whole genomic expression analysis. We used to do microarrays, we now do next-generation RNA sequencing, array CGH as well as part of TCGA. And then we have this glioblastoma atlas project for the 64 patients; they actually get to see the thousand genes that are most interesting actually expressed in the cells that they’re expressed, and that’s, I think, a really promising approach.And we do a number of other sort of standard biomarker identification, and then we do all of the blood biomarker sampling throughout the course of their disease, storing their blood. And then at the time of surgery we repeat all of these studies. It’s a tremendous investment per patient. I’ve actually never added it up, how much it costs, but in the beginning it was all funded through community resources, through going out to advocacy groups and saying, “This is desperately needed. Can we do this?” And we were able to accomplish that.Now we have a lot of grant funding, so it’s all rolled into the different projects. But it started from zero—and I say that because every time I go out to community hospital, that’s what they say—“Who’s going to pay for this?”—and that’s what they said here. And I said, “Well, let’s find out. Let’s go out and talk about it and find people who want to see this happen,” and you’ll be amazed at how support will be generated.
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Well, let me close with a couple patient stories. This was a lady who came to a rural hospital to the north who was from Mexico who had been healthy. And then she shows up after a seizure, and you can see that there are over a hundred tumors in her brain. Look at them all, specks here—everywhere that you’re looking at is a tumor—and it’s a cancerous tumor, and we had no idea where it was coming from, so we had to figure that out. And there was no evidence of any disease anywhere else in her body. And I’ll just tell you, because I know that many of you represent other cancers, that this is becoming more and more common. You’re advocating for great success, and you’re getting greater success today than ever before and we have all kinds of patients who are 6 years, 7 years, even today I saw someone 13 years out of breast cancer that had a recurrence in her brain. The body somehow is able to successfully, with the help of our treatments, fight off this disease. But the brain is a very special place. It’s behind the blood-brain barrier; the immune system isn’t strong there; there’s no lymphatics in the brain. There’s reasons why, once a tumor cell gets to the brain, it’s resistant to our standard approaches; and we’re seeing more and more of that now that people are having such success. And she was one of those people—she had no disease anywhere else in her body, and she had this showing up in her brain. So the doctors up there didn’t know what to do. They could give her radiation to the brain, but actually no one feels comfortable giving radiation without a diagnosis, so they allowed me to remove this one. It’s the biggest one, and they allowed me to do a genomic analysis on it, and what we found I showed you earlier: a very clear indication of not only where this tumor came from, which isn’t always clear under the microscope. Adenocarcinoma looks like—can come from anywhere, and look the same in the brain), but it actually gave us a clue as to what drug might work.



Brain Tumors: Metastatic
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And she was put on that drug and given radiation, and you can see one year later still complete remission. She’s now a year and half out complete remission. Now, it’s cancer. We worry it’s going to come back, but we are grateful that we had a clue as to what we could do. This is one in a hundred. Most patients—we don’t get that kind of resolution yet, but my hope is someday we’ll have that resolution on every patient, and we’ll have the treatments available for them, the targeted treatments, where we can match their genomic picture up. And I know it’s early in the game, and I know there’s a lot of people who doubt that can happen, but I can tell you that today, compared to 15 years ago, we’re much closer to seeing the possibilities of that being a reality than ever before.



A patient with leukemia in Seattle 30 years ago

Highly aggressive and incurable disease
1-2 year survival
No clinical trials
No multidisciplinary centers for leukemia treatment
Lack of funded research = lack of hope

The Ben and Catherine Ivy Center for Advanced 
Brain Tumor Treatment

Swedish Neuroscience Institute

Is a cure possible?

We have a tradition of taking on the great challenges that affect our community.

We can do this!

Presenter
Presentation Notes
And I’d just like to close with this. I actually came back here for a very specific reason. We’re standing in, sitting in a very special place. Thirty years ago there was another disease just like brain cancer is today. It was leukemia. And where I grew up in the Midwest, at the time I grew up, in grade school I lost a friend to leukemia, and I was aware of it at the time. It was horrible. In fact, they were radiating the brain for that at the time, and it was completely ineffective—just absolutely devastating disease. It affected about the same number of people that brain cancer affects today. It was about 30,000 people.So there are many, many similarities. There was a man that actually worked here at this hospital, and this is a remarkable story. He was a community physician, a general surgeon. He was not a scientist. He was not a university professor. He had never done research his entire life. He had simply taken care of patients in the community.But he worked here at Swedish. Swedish is the sort of premier community hospital, so they had a very high volume of patients. In those days, general surgeons took care of patients with cancer because there were no really effective treatments for cancer, and the field of surgical oncology was really not heard of. And so, if you had a lump, you went to your general surgeon, they removed it, and they told you you had cancer, and there was very little that you could do.And he was frustrated by that, but he really didn’t do anything about that until something very close to him that affected him happened. He lost his brother to lung cancer. His brother was a very healthy man, and he died in his 40s of lung cancer. And he couldn’t do anything about it. And so he decided, as a member of the community who lost a loved one, to make a difference. And he took his own money, and he invested in a research lab that was in this building, in the basement. And they’ve since torn it down and made it into some nice spa-like area, but it should’ve been a historical monument because what happened in that one room with one scientist and one doctor who’s funding it. I mean thinking about it—crazy! Not NIH, not anything like that, at community level—was remarkable. They discovered bone-marrow transplantation could work, and the first bone-marrow transplants were done here at Swedish on the 12th floor over that hospital and the first 30 patients died. But after that it started to come around, and today leukemia is curable with bone-marrow transplantation.I tell that story—that man’s name is Bill Hutchinson, so his brother was Fred. But everyone knows Fred; no one knows about Bill. If you walk into the—you are walking in—you can ask them today. When you go in today, ask them, “Where is the picture of Bill?” Cause you’ll see the picture of Fred with his baseball throwing; Bill’s around the corner. He’s behind the men’s room. [Laughter.] If you walk around, you’ll see it. It’s right there as you’re going into the men’s room. There’s Bill Hutchinson, but what a remarkable story. The first time ever that cancer was cured started from scratch, started in the community—and since then, of course, expanded with the assistance of NCI into one of the world’s great cancer research institutions.So the power of what I call grassroots approach to cancer is real. Some of the greatest changes that we’ve seen in this field have come from the work that you do and the passion that patients and their advocates bring to this field. So I’m absolutely thrilled that you’re all here, thrilled with the work that you do. And it’s really the partnership, right, the fact that this sort of thing happens, but that the NCI is also there with all the programs it’s doing that really is the magic. Each one by itself is great, but together it’s even greater, and you really represent what that can mean.
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