>> We cured these patients but in extreme deckment and quality of life.

the nice thing about IMRT in the head and neck is so red is the tumor we're trying to get.

blue is the lymph nodes we're trying to treat.

green is the spinal cord we don't want to treat.

here is the carotids of either side.

you can tell the computer our primary goal is to give dose X to the tumor and our next primary goal is to not give any dose to the spinal cord and you can actually outline all these different things.

feed it into the computer and it comes back with oh, that's easy, just treat with these nine plan, nine different doses, fields are actually able to describe -- prescribe what you want for this patient and eliminate all this normal tissue toxicity.

so this is a complex IMRT plan.

every one of these requires a lot of QA, a lot of QC and these are expensive plans so to hire only needed in some places, not every place.

some body parts but not every body part.

another way of giving radiation is to take a radio active source and put it inside the patient.

so there's cavitary sources that's how we treat SQUAMOUS cell carcinoma of the cervix what's called endocavitary.

we take a rod and place it into the cervical canal and put radiation in there.

the patient goes upstairs about three days later we take the whole apparatus out.

what that does is give a high dose of radiation to a very local area.

so instead of the radiation coming through and exiting out the back it's all being given from the inside.

We treat prostate cancer that way, we can treat SQAUMOS cell carcinoma, at the lip that's brachytherapy.

60% of men with low risk prostate cancer are getting brachytherapy.

it's a one day procedure, just the morning, low side effects and high tumor cure.

we treat a lot of sarcomas that way, basal skull, breast carcinomas, there's a lot of things that can be treat bid brachytherapy.

this is an eyeball, here is the lens.

The second most common place to get a melanoma is a CAROIDAL melanoma around the eyeball itself.

I saw this done at duke.

it looks like a dark spot inside the white spot on the edge.

bring the patient to the or, they cut the muscle, the eye ball roles over and they attach a radio active plaque to it, bring them up for three days, bring them back down, swing the muscle over and they're cured.

it's amazing but these radio active plaques are treating these gradations these target doses, if you have your tumor here, this is getting a very, very high dose of radiation.

no dose of radiation to the lens or contra lateral eye, little radiation to the nerve so this patient has a functional eyeball.

if we had to treat with external radiation you have all these normal tissues in the way of that.  That wise you use a brachytherapy procedure.

it was neat to see.

it came back on.

this is brachytherapy for a man with cancer of the lip.

he has a huge live cancer here, we place trove cancers through his lip, send him up three days, bring him back down and he did wonderful.

we prevented a tongue from getting radiated, his teeth, gums eyes, neck, all sorts of stuff.

this is really amazing how well brachytherapy works.

some of the other neat stuff, wed radio active antibodies.

Martin in our division developed a radio knew collide attached to an antibody for lymphoma treatment.

this is representing TOMAL therapy which is a LINAK on a CT scanner.

This is a cyber knife, basically a little mini (indiscernible) they had one in Georgetown, this is the other thing Georgetown advertises all time.

I saw a patient that had a very common metastasis that we would treat with a few fractions, their carrying with me the letter from Georgetown that if they came to Georgetown they needed to bring a cashier's check for $60,000 to get cyber knife treatment.

this is a picture depicting protons.

So proton therapy is instead of photons which is light it's charged particles so there's proton facilities at M.D. Anderson cancer center in Houston, one in Boston, one is open for -- for certain things it's very important.

see this dash line here this is the energy deposition for high energy photon.

so you can see that about five centimeters into the patient you get a nice deposition of energy.

but you've got all the way on your way in you have a deposition of energy and on your whole way out you have a deposition of energy.

with a proton you have a very flat curve on the way in, it drops all this energy in the brag peak and on the way out there's nothing.

so something like the basal skull or nasal pharyngeal carcinoma, up against the spinal cord protons makes great sense.

they're very expensive and difficult to give.

the proton facility at mass general costs about $170 million to install so these things are few and far between.

I would like one but I don't have one.

so couple of words on radiation biology.

These are the curves we live by this is a clonegenic assay.

we make a single cell suspension, give them grade doses of radiation and 10 to 14 days later we count the number of cells that have been able to undergo six repopulations so from one cell to 6.

the reason we do that, that's clonegenic survival.

radiation kills cells in a bunch of ways so the most common way is double strand break so radiation goes through, hits both strands of DNA, when the DNA tries to repopulate or become daughter cells we have a misassortment of the DNA, those daughter cells can live fora while before they realize whatever piece of DNA was damaged and they don't have any more and then die so something like a proliferation assay those cells appear live but not clone generalically survivable.

we have single strand breaks, we have apoptosis, so this is a which of determining all those simultaneously.

so in the clinic we give fraction radiation.

So most patients don't get a single dose of radiation.

they get multiple doses of radiation.

the reason is that we know a single dose of radiation at normal tissue does worse for that so to try to gain a benefit from that we fractionated out so someone getting prostate radiation may get 8 weeks of treatment five days a week.

somebody with a bone metastasis gets 10 days.

part is we're trying to get them home, part is the rectum doesn't like radiation so we try to stay out of it.

S that picture showing the problems we run across with late responding tissues that's normal tissues versus a tumor, that these curves instead of running parallel which would be helpful to actually Chris cross each other so we have to be careful which tissues we dose escalate and which we don't.

the four Rs of radiation therapy is repair, all cells repair damage including tumor cells, DNA damage, I'll show you a picture of reassortments so when we radiate cellings you can imagine a tumor cells in all four G-1, G-2, S, many face, when we radiate cells we have G1 block and G2 block.

Cells in a different fadeses of the cell cycle have different radio sensitivities so we can actually give a dose of radiation, have the cells accumulate in one of those blocks and give another dose of radiation, have a better effect.

that's called reassortment.

reoxygenation, I have a picture of that, tumors can reoxygenATE after that.

and then give another dose radiation.

Radiation works best in a tumor that's OXIC.

I'll show you a picture why.

here is repair.

this is the most lethal he want the DNA double strand break.

when you have a hypoxic environment these are repair had quickly.

When we have we have a OXIC environment we donate electrons and fix the double strand breaks so radiation works better in an OXIC environment as compared to a hypoxic environment.

this is the redistribution so we have our cell cycle going here, we can readiate and cause accumulation of G-2 break or G-1, and here is what those survival curves look like.

so cells in the G-2 phase are the most sensitive to radiation whereas G-1 is less sensitive, S phase is less and mitotic is less.

part of that is M or S phase, the repair molecules are there for -- doing a different job and they're called in to do the repair.

In G1, 2 they're seeking fast so that could be part of the explanation.

we try and take advantage of that in the clinic when we give radiation.

Here is reoxygenATION.

it only goes 70-micron business diffuse.

You have hypoxic areas or necrotic and areas well oxygenATED.

here is a cloneGENIC survival curve where we have hypoxic cells and if we make them oxygenATED or aerated we have a higher cell kill so we want to make things as most OXIC as we can.

we do that by makingture patients have high hematocrit, using hyperBARIC oxygen, a bunch of I was to try to make tumors more -- make tumors more OXIC.

this is the survival curve we use almost every day.

This is the tumor cure for dose of radiation.

At dose A of radiation we'll cure this many tumors which is not high.

at this dose we're going to cure a bunch of tumor, however you can see this curve represents normal tissues.

so at this point we're curing this many tumors and we've got normal tissue.

the way we could cure more tumors is going up to tumor curve so we go to C T. problem is we're only gaining a small increase in the number of tumors we cure and we're getting a huge number of increases in the complications so for certain things like we treat a prostate to 80 gray, we can't treat a brain to 80 graytor brains will rot out of their heads we can only go to 60 gray.

we can't just increase dose, more is not better for most normal tissues that's what we do almost every day.

here is your tumor curve, your normal tissue curve.

our laboratory and what most fellows are working on is to use drugs called radiation sensitizers we try to make the tumor cells think they're seeing more radiation without the normal cells see morgue radiation.

in theory that means we're moving this curve this way so we're getting increase in our tumor control probability but not affecting a higher dose of tissue.

the chief of the ideation biology branch is developing a radio protector, a molecule that protects normal tissues from radiation so you can push this normal curve this direction and there's a molecule out there developed by the Army in the 40s called AMAFOSTINE which prevents mucosa for head and neck patients and also used for platinum toxicity for the kidneys.

so there's -- the nice thing about radiation sen advertisers is it's an incredibly open field.

anything you can think of in buy I don't go to interrupt can be a radiation sensitize egg.

anything that causes greater DNA damage, things that inhibit DNA repair, chromatin condensation like a methylation inhibitor or anything that can cause or alter cell cycle can potentially be so it give mess post-doc lots to do.

these are compounds we use in the clinic that we think of as being radiation sensitizers so the platinum analogs, TOPO tack sane, not actually radiation sensitizers because they have own their toxicity.

the real definition of a sensitizer is it has no cytotoxicity on its own otherwise the curves would be moving before the radiation was given.

we know in theically clinic these are sensitizers so we ask when was the last time they saw one of these agents.

We want it out of the system.

We want it out of the system because these tend to be normal tissue sensitizers so that's the wrong curve we're moving.

so we really care about these things.

everything else is off label use or is been experimented right now.

so SUTAXAMAB is an EGFR inhibitor.

so you can inhibit cell cycle inhibition with the use of it.

people try to use RFA inhibitors in the clinic, those tend to have a lot of normal tissue toxicity particularly (indiscernible) in and out of feel.

people try to use Cox-2 inhibitors so cox affects tumor physiology and be hif and oxygen related and hypoxic related.

Angiogenesis inhibitors are tried which seems contrary if you were to give angiogenesis you should make a tumor more OXIC or hypoxic which makes radiation work less well.

Radiation angiogenesis inhibitors make tumors more OXIC which has been a ten year field of study of someone who used to be here.

H stack inhibitors are a class of agents that's been around 5, 6 years and that's a bunch of information out there that H stack inhibitors can inhibit DNA repair and there's radiation sensitizingers, we have a clinical trial with one here.

there's a bunch of people on campus working with various flavors of HSP-90.

lots of molecules they shape Roane are involved in radiation repair and cell cycle inhibition.

So these are interesting molecules to use.

A couple of pictures from the clinic.

our two goals when we sit down with a patient are can I cure this patient?

If I can I'm willing to take a lot more side effect profile as is the patient.

if I can't cure the patient then I try not to cause as many side effects as possible while trying to pailiate whatever the reason is they came to see me.

they're having headaches or muscle pain or something.

so try and figure how to make this patient better usually falls into one of these two branches so things where we potentially cure patients we cure prostatings a bunch of those, other cancers like bladder we do well on breast cancer, we cure a lot of head and neck cancer, very advanced cancer, both head, neck and or squamose cell cancers or combination with radiation is really needed.

we cure a lot of huge 3B and early 4 cervical cancers, we're curing those which is remarkable.

we don't do so great on pediatric cancers more of the pediatric cancers that do well are liquid Karens ands they respond to therapeutic agents.

Usually if they come to see me they have brain stem glioma and don't do well to radiation.

I put CNS tumors under cure because that's what I treat, I like to think every day I come in to cure a patient but I don't cure most of my patients.

Then skin cancers are good.

bone pain, shortness of breast, if a person has a big cancer pushing on their airway, we can help with that.

neuropathy or bone pain, we make those better and other space occupying lesions.

what we do is we have to come up with a treatment plan.

this is multi-modality.

the patient comes down from upstairs and they had chemo yesterday and I want to give it to them tomorrow and they want us to give all the radiation today.

That's not feasible so we have to sit down with all the referring team, surgery, palliative care and figure out what's best for the patient.

figure out the best radiation.

sometimes I see a patient with a basal skull tumor and I refer them to mass general to get a proton treatment.

probably the hardest thing for us is identifying the target.

so where is the actual cancer, where are the lymph nodes at risk that don't show up on pet?

Do we include those in our field?

We create a treatment plan, we have to give treatment and follow the patient forever.

here is the treatment that's usually part our team.

obviously surgery and medical oncology are key but we use a lot of radiology in different modalities.

Lots of other people, immuno therapists get involved.

.

these people do the majority of the heavy lifting for us here at the NIH.

show you a couple of quick presentations.

I just said that.

so patient A is a 55-year-old lady who found a lump in her breast, had a mammogram, has a mass that needs something done.

she has a biopsy consistent with infill straiting ductile carcinoma and no family history of breast cancer.

What are the options available?

This is a picture that has a mass tech to my.

30 years ago everyone with breast cancer got a mass tech to my.

different kind.

You can have a radical which she's had here, that involves taking chest wall, musculature, all the breast, the skin, everything.

you have a modified radical mastectomy or you could have a lump he can to my which is what most get now on east and West Coast.

midwest they mostly get mastectomies but we can talk about that later.

we offer the patient a lumpectomy.

we're in the large -- one of the largest ones actually done here, one of the first we know those two things are equal in outcome.

if we can offer a patient to have basically a breast intact and be cancer free instead of not having a breast intact we think that impacts on quality of life dramatically so we would offer the patient lumpectomy plus radiation.

that's what she selected.

so we offer the lumpectomy.  There's now -- this is axillary lymph node dissection so the breast drains into the AXILLA.

That's where the node chains are next to stage the patient.

This slide is only a couple of years ole and already axillary lymph node dissections are no longer the norm.

most patients get an axillary sentinel lymph node biopsy where they put radio activity or dye near the breast cancer and they let it drip into the armpit.

They go in and only take out the radio active or the blue lymph nodes, those are called the feintnal lymph nodes so they can look at the sentinel lymph node and know whether it has cancer and use that as a marker.

why does that matter?

If you do a full dissection you get more side effects so if you get the same information from the single lymph node, do that and leave the rest behind.

this patient had a three centimeter tumor and four axillary lymph nodes.

Why to we we care?

Four is a marker of a lot worse disease so she's going to get herself chemo, a lot more fields involved than if she had one or no lymph nodes.

so this is a picture of pat of the CT scan of the patient lying on her back.

this is her breast, the fields that we're going to treat are indicate bid this purple line and back.

what you can see is that even just treating the chest wall is not free.

so she's circular.

We don't have any circular lines, we only have straight lines.

so we have to treat some chest wall, we have to treat a little bit of lung, some heart behind that.

so all those are normal tissues this patient really didn't want in the field.

she gets some of those.

We know she's going to do okay because we have done it over time.

So these fields are going through here and basically outlined right here.

so remember this patient had some axillary lymph nodes positive.

the AXILLA is up here.

you can see the lower portion is getting radiation but the upper part is not so she has to get another field that comes from the front so we can pick up the rest of the lymph nodes.

this is the sort of thing we have to sit down with a surgeon and explain why we're treating these fields, what we're doing.

we have to try and get the fields in before the medical oncologist swoops in and gives 8 cycles of chemo and makes the patient really sick.

so we lay the patient down and this is what a physics plan looks like.

One beam from this direction, one from that direction, we're going to treat this entire breast tissue which is the tissue at risk up to a dose of 45 gray.

we can actually create these nice dose plans, we can move this one up a little bit, move that one, put a wedge in here, make little beam, we can do whatever we want from any direction with these patients.

Again to try and minimize the normal tissue that's being treated behind.

that's our goal in most of these.

so this is the lady laying down here.

this is the fields that we created on that computer look like this when they're projected on to the patient.

so this is the plan that's in the machine, and this is the -- what we take a picture down the scope of the machine down the nose of the machine and compare the two.

the therapist looks at this every day.

is the patient lining up correctly or does she need to move in, out, up or down or is the field the wrong size, are we treating the wrong patient?

We verify that every day prior to giving a treatment and then we give it.

The patients are in our department for about an hour, they're on the table for about 15 minutes and each treatment takes maybe 90 seconds.

so the patient is in and out very quickly.

they don't feel anything.

They don't hear anything, it doesn't hurt.

Some patients get a funny taste in their mouth but that may -- we're not sure what that's related to.

this that couch I was talking about and the patients are in and out quickly.

this is a big bean bag that we have the patient lay on, we suck all the air out of it so it conforms to her.

then we can make a bunch of marks so we know she's laying in the right place every day.

that makes taking the pictures faster.

the second pa patient is a 54-year-old gentleman with an elevated PSA.

no other medical problems.

biopsy consistent with adinocarcinoma of the prostate.

maybe a little extra capsular disease so what are his options?

If he sees a urologist they're going to say surgery is the best thing, they that's the only thing they're going to tell him.

we don't think that's right.

Surgery is the wrong thing to have because if he has surgery a loan he's going to get radiation also.

We'd offer radiation, either as a brachytherapy boost and probably offer him hormonal therapy.

if he has extra capsular extension the odds are it's in the a lymph node or maybe a bone and surgery won't help a few cancer cells in a distant site of disease.

so the patient happened to get two things.

External beam radiotherapy followed by a brachytherapy boost.

this is a patient, this is his -- he's in dorsal position, up and over like that and this template is placed between his scrotum and penis here and the probe is in his anus.

This is a battleship grid based in the peritoneum.

we want to put three in there.

C 2 we placed four radio active Cs in there.

it takes ability 45 minutes to do a brachytherapy boost.

We pull all this catheter out, he's asleep while we're doing this.

we wake him up, this is an outpatient procedure.

he's in the hospital for three hours and done.

versus 8 and a half weeks of radiation therapy with me external beam or three or four weeks of recovery from a radical prosectomy.

people are getting these like crazy.

we take a picture afterwards and that's in where his prostate is, you can see all the seeds are within his prostate.

So he gets his radiation dose in a single morning and I it's benign.

we're not going to talk about what this seed is doing here.

15% of all seeds aren't in the prostate when we go look for them.

some can migrate into the lungs they end up in your bowls, they can be expelled so there's lots of them.

we've gotten around that, we now put the seeds into these lit plastic ribbons and most people implant with rib Bobs so they can't migrate very far but it's fun to explain to somebody where the seeds may go.

so everything we do is about targeting so here is an MRI picture of a prostate.

so here is the rectum of a patient, you can see here is the prostate, here is vesicles on top, here is the tumor.

if you can delineate this tumor as well as this you can start to put nice conformal dose on these or even stick catheters, you could load catheters on top of the tumor and not worry about it as much.

this is an IMRT plan.

here is our prostate.

Using MR guidance you can see the anterior rectal wall, here is the vesicles up off the top, here is the back of the prostate.

Using a x-ray be difficult to figure out where all these structures are but we confuse an MRI image into our CAT scan images and get nice delynn nation of all the structures we ear trying to treat.

This is actually not as difficult to look at as it appears.

What this is is an ultrasound verification of a prostate so the patient had some seeds placed in his prostate and he's laying on the table and he has ultrasound probe on his belly right below the belt buckle and looking for those seeds.

As soon as the technician finds where the seeds are they're able to better align the patient because we make marks on the skin but patient consist role, their rectums can be full or empty, their bladders can be full or empty.

This is just another way of trying to verify that it's prostate is actually where you think it's supposed to be.

this is called a bat system.

what it looks like.

This is a verification module, underneath the patient and can verify where he is and you can give his treatment.

so you can see the patient has treatment through there after the machine verifies he's in the right place.

So I told you I would show you just a few things of what we really have to be careful of and that's normal tissue.

so this is a patient's chest X race here.

fields that he got treated probably for a diffuse large cell lymphomarks the patient's heart is right here.

here is his esophagus, here is lungs.

Years later you can see this whole portion of his lung is all completely fibrotic.

it's right at the edge of the field.

so this patient was asymptomatic but he teeters on the edge.

one pneumonia and he's going to the ICU.

he blocks that off this whole thing will collapse so you have to be careful with things like that.

ton breast cancer patient I showed you she'll have this right across the front part of her breast, that will be fibrotic forever so when we treat her and she's 40, it's fine.

when she's 70, a old lady and gets pneumonia in the nursing home, then it becomes ha problem.

they take x-rays and say oh, you have this horrible infiltrate, you have lung cancer.

you're probably going to die and she said I had -- this is that lymphodeem ma I was talking about.

this is a devastating condition.

fortunately we don't see it as must have as we used to.

about 5% of the patients treated for breast cancer, now it's less than 1%.

the lymph nodes, the nerves, the vessels and the lymph nodes basically run in the same track from embryology.

in order to remove the lymph vessels the surgeons thought the best way to do that was to strip the vains of any tissue on there including the lymph nodes and lymphatic vessels.

what that did was create no channel for all this lymph tissue to follow flow back up so you get big arms, elephant arms, just enormous.

We try and use compression stockings to make it better, we try drugs like (indiscernible) to reduce radiation fibrosis but nothing really reduces it.

There was 5 patients we saw treated with the -- with the feint nil lymph node biopsy it drops.

so it's rare now that's why i like lymph node biopsies.

This is a patient's tongue post treatment.

this is ECCORIATED.

his tongue went above an area where all the stem cells in his mucosa and epithelia, they all died.

So this is his tongue years later and it's totally EXCO are,IATED.

he can't eat.

this thing kills.

Because of radiation normal tissue damage we have resected people's tongues normal tongues because they hurt so bad they can't eat or do anything.

so we don't do this any more but this is one of the things we think about when working with the residents and follows, what are the normal tissues, what's in the way of our radiation beam?

Here is what we started.

this little kid, this is out in Stanford.

This kid has a sarcoma on his back.

This is the firstly knack.

It was about three stories high.

he's in front of this thing and he's going to get treatment with patients holding his shoulders basically we treat it with squares.

In the 70s we used the blocks so we could shape and treat where the radiation beam was going.

we then made little things which are the multi-(indiscernible) that went in the head of machine so we can fix it.

a lot of it was computer software so fusing CT and M R scans an pet cans and figure out the best modalities to treat these.

Now we're heading to things more like dynamic treatment.  

If we give 2 doses of radiation and the pelt signal goes cold, do we still need to treat or if we give the dose and it gets hotter maybe we should give a more dose or faster dose.

so because of who we are and what we do, biology is the most important part of where we're headed in this field.

physics, we have done almost as much as we can do with physics.

We've got to do better imaging, we have pretty good we know where the tumors are going but we need to focus time and energy on producing radiation sensitizers and understanding how tumors respond to radiation.

The nice thing about the clinical center, everything we discover we can bring to the clinic.

we have four things right now open that we found on the bench and we're testing in patients.

That's why we come to the NIH including you guys.

The message I want to give is radiation is another tool we use the cancer treatment, causes DNA damage which leads to tumor cell death.

there's lots of different ways to effect the radiation effect and most important thing is this bottom one here, radiation is interesting and radiation oncology gists are your -- oncologists are your friends.

okay?

Thank you.

[Applause]

>> Yes, Ms. Kirk.

[off mic]

>> There's two theories on that.

if you look, there's two things angiogenesis inhibitors are known to do.

one, decrease microvessel density which seems counter intuitive and the other is to increase PO-2.

what's thought if you have a bunch of small vessel that are early angiogenic they're not carrying oxygen.

by giving angiogenesis inhibitor you're pruning most of those early vessels away.

vessels that are late more mature actually covered with parasites an less responsive to anti-angiogenic agents so it's felt you're getting rid of some of the prunes and that work is done by Dr. (indiscernible) at Vanderbilt.

You decrease the small vessel, not the big vessels and you're actually increasing TO-2 with anti-VEGF therapy, angiostatin.

thank you for the question, Ms. Kirk.

anybody else?

Sir.

[off mic]

>> Say that again, what is the --

[off mic]

>> Okay.

so there was a bunch a questions in there.

there's three things we evaluate in all prostate cancer patients testimony first is the PSA, a blood test, that's for prostate specific antigen, the second is a biopsy score.

that's a pathologic score of how aggressive or how dedifferentiated the tumor looks.

so a Gleason score of one looks like prostate, a gleeson score of five looks like a carcinoma of unknown origin.

nasty looking.

and the third is a clinical stage, clinical stage is done by digital rectal exam but you can also include in there an MRI or CT or bone scan to look at lymph nodes and extra capsular extension.

We use those components to break prostate patients into three groups, low, intermediate and high risk and depending on the group they fall into they get a different set of recommendations.

low risk if he's 78 with coronary artery disease and his life expectancy is less than year he gets watchful waiting and we don't worry about his prostate cancer, he's going to die of something else.

if he's 54, healthy, low risk he's going to get a radical pros tech Tommy.

if he's 65 low risk he'll get external radio beam therapy so we score people into different groups and different treatment modalities but it's based on numbers so for one individual patient I don't know how he is going to do.

for a thousand patients roughly this percentage is going to do well, this percentage is not going to do well but I don't know which group an individual falls into.

so prostate cancer is one of the longest consults we do.

When we see a patient typically upstairs we take about an hour with the patient.

a prostate cancer patient takes anywhere between two and three hours.

they come in with this much information, they're always engineers so they plotted their PSA over time and they've got a slide rule.

they've been on the web and want magnets and they want high carrot juice and this stuff and we have to say here are the proven things, here are the unproven things, we recommend A, B and C, we do not recommend those, do with it as you want.

and the patient may take your advice or may not.

so that's sort of what we deal with in clinical medicine every day is we make recommendations.

This day and age in most countries the patient still ultimately decides.

a few years ago there was no such thing as informed consent.

You gave the patient chemotherapy because you thought it would help without telling the patient what the disease was or what the chemo was.

We made a lot of advances then but probably not -- we could have done better.

somebody else.

Yes, ma'am.

[off mic]

>> Oh, boy, you're going to trap me this.

the first one is HSP-90 inhibitor, it happens to be 17D mag which Dr. citron is trying to get into patient force pancreas cancer.

we have a little roadblock with CTEP right now, hopefully they're not on the line.

one is an H stack inhibitor called VALPROIC acid which I have in patients in critical glioblastoma forming.

the other is we're circulating RFA mutations in patients with GI cancers, another is looking at urinary endothelial -- those are all pre-clinical models to patients.

yes, ma'am.

[off mic]

>> It could be both.

so things like radio labeled antibodies, those are inherently targeted to the tumor cells because usually the normal cells don't produce that.

but normal cells tend to cycle a lot, slower or differently than normal tissues so you can effect that.

normal tissues tend to repair DNA damage faster than tissue do.

so those we can test in the clinic.

but those tested on the bench and even in mice don't necessarily correlate with the clinic so we do the best we can with pre-clinical models knowing we still have to test it in patients.

[off mic]

>> Yes and no.

so the -- tumors rely on HSP-90 more than normal tissue so HSP-90 is a protein chaperone.

and a protein chaperone tends to take proteins that are misfolded and chaperones those preferentially.

so tumor cells undergoing a lot of mutagenesis have proteins misfold sod tumor cells rely on HSP-90.

so if you were to inhibit it in the tumor cell a hot of misfolded proteins doesn't have back ups for those.  

In a normal tissue the normal cells aren't producing all these misfolded proteins.

so they're not being chaperoned by HSP-90 so we inhibit it and it has uneffect but not as great a effect as it does on tumor cells buzz of the underlying mutagenic cancer cells themselves.

squamose

[off mic]

>> A radiation modifier.

it's semantics but some people care.

I don't.

the classic radiation biologist really cares so he's probably listening.

so I'll hear about it on the way home.

sir.squamose

[off mic]

>> I have.

so hypothermia is really cool.

Anyone that has used hypothermia to cure a mouse in the clinic up in the lab, heat works great.

The problem is with patients we can't deliver the heat we need to deliver to be anti-cancer, to be therapeutic.

mostly because when we start applying radiation to something the normal body flushes in other places to pull the heat out.

that's the response mechanism we had.

an animal can't do that because you're taking the tumor on the back of his leg and dunking it into a water bath so you're able to heat that up as much as you want.

In about 1970, '80, hypothermia became really big in Europe and was brought to the United States and was going to cure cancer.

Everybody and his brother had a hypothermia unit and curing Karen.

we weren't curing it because we didn't understand it enough.

so any time something comes here and is going to cure cancer and doesn't, it goes out and there's only two centers in the U.S. that does it any more.

I treated somebody with hypothermia when I was in Boston, she had a big local recurrence on her chest wall and chest wall is someplace you can really put heat easily versus a deep seeded tumor and chest wall therapy plus radiation cured this woman's chest wall.

she failed distantly in her liver which is what she was going to do anyway but hypothermia is a great technique, great in the laboratory because you have the heat shock proteins and other molecules moving but it doesn't have a lot of clinical utility right now.

yes, ma'am.

[off mic]

>> Sure.

so you can do a technique which is done at Georgetown, I hate to keep bashing on Georgetown, I went to head school there so I know them.

you can do cryo.

that's the opposite of heat, you could do coal.

you can stick a needle into something and fire liquid nitrogen and basically leave ice behind.

so the problem with that is just with heat, that when you leave cold behind the body reacts to that by pumping heat into it so it's again a problem of knowing where you've left your deposition of energy it be cold, heat or photon, we have a pretty good idea where we leave our energy, cryodoes not nor does hypothermia.

so another technique used by Brad wood called radio frequency ablation.

so basically you can stick a needle into something and leave a big hot spot of radio frequency right at the end which causes necrosis.

I works for some things but they don't have very good what we call dose symmetry on it so they're not sure where the edges of the tumor -- where the edge of their radio frequency ball are or what their dose is because it's not the same as radiation in that most radiation goes out the other side so we know we can just -- we know what went in, what came out, we can subtract the two.

with radio frequency ablation you're leaving a ball in there.

you think you know what you put in but you don't have any idea if some went somewhere else.

You have no way of measuring that.

so it is used by some urologists particularly for prostate cancer.

that's my most questions ever.

[Applause]

>> That was a great question-and-answer period.

now we have Pierre henKART lecturing or immunology.

for background purposes Pierre got his Ph.D. in 192-3468 Harvard in biochemistry and subsequently he came to NCI and he was in charge of the lymphocyte toxicity section.

he is now an emeritas so now as an emeritas they do what they want so we're very pleased he chose to be here today with us.

thank you, Pierre.

>> Thank you, Terry.

I'm really pleased to see the way this TRACO course has been successful because I was one of the people who was advocating its origin and it's very nice to see and how we've gotten out into the electronic world as well.

but my mission today is to -- I got a pointer here to talk about immunology.

here we're really starting in a whole different world than the currently used therapies that you just heard about and you really have to sort of reset your mind to think about where immunology is in cancer treatment today.

soy I'm going to try and cover the whole kind of area as it stands now.

one of the things that I have to try and think about is how many of you have had some immunology.

so just for my curiosity, who has had an immunology course in here?

Maybe halfish.

so what I would like to ask the others of you is that if I -- if I go into immuno speak and start throwing around words you don't understand, would you please tell me because I'm sort of obviously most of my time is -- has been talking to immunologists and I'm trying to avoid immuno speak.

so let me know if I go back into it.

so the way I think about immunology and its approach to cancer is to start with a real success that immunology has had.

that is in the development of vaccines.

And vaccines obviously have been a very effective to prevent diseases and infectious diseases, in particular we have these vaccines that are summarized on this slide that have been just dramatically effective in preventing these diseases that were classically really serious diseases.

a lot of effort is still ongoing to develop new vaccines and in particular one hears about a lot of effort going into an HIV vaccine which is unfortunately not yet been successful.

but this is all in the way of background of the role of immunology and cancer.

unfortunately only a very small minority of -- a relatively small amount of cancers are caused by infectious agents, IE viruses.

And there's been quite a history of that including here at NIH.

but -- and you're going to have a talk by John schiller later in the course about a very successful story in developing a vaccine against papilloma virus which causes cervical cancer so I'm going to obviously stay away from that because he's been very much involved in that.

but while we're still on the infectious agents I'm not sure he's going to talk about hepatitis B because this is an ongoing story in which where as a relatively new hepatitis B vaccine which is now one of the standard vaccines for childhood here in the states, but its role in cancer is a little bit underestimated around here because in fact this virus is really a major problem for world health.

but it turns out not to be such a big deal in the United States.

so worldwide something like 2 billion people are -- have been infected with hepatitis B and some percentage of them like 10, 20% actually wind up with chronic infections of this virus.

so they don't really cure it completely.

and this gives rise to a chronic inflammation in the liver and that is actually probably the driver for causing he pa toe cellular carcinoma.  

The incidence of this is not even throughout the world and most of these people who are getting this hepatocellular carcinoma live in China because they have a lot of people there and their prevalence of hepatitis B is high and their incidence of hepatocellular carcinoma is high here.

African Americans is another -- obviously their health system isn't up to doing great things there in Africa.

so one has the possibility then that if we develop a good vaccine which is already available, this is preventing the infection of hepatitis B in -- starting with childhood, that as time goes on and these kid get older there will be a lot less of this hepatocellular carcinoma.

in fact the current studies indicate that the childhood incidents, over there in the orient is much diminished by the vaccination.

so this is just another example where immunologists have contributed a vaccine which is a way, a success in terms of treating cancer.

but unfortunately most cancer is not caused by viruses.

and the interest of sort of using the immune system to fight cancer goes back quite a long ways.

and I think for our purposes it's useful to start back in the 50s and that was the first place where there was real experimental evidence that indicated that there could be a really a vaccine in principle developed in an experimental animal model.

so in this case what we're doing is injecting a carcinogen into a mouse that gives rise with time to a tumor.

and foe and you can cure that tumor with surgery by just cutting it out and the mice -- mouse would survive.

but if you then took the tumor cells when you excise them and inject them into either cured mouse or normal mouse, you could show that this exposure to the tumor during this period here really wound up conferring some kind of immunity to this mouse you cured because if you inject these same tumor cells into a normal mouse he would get a tumor but the cured mouse did not.

so that was a suggestion that there was something there that happened that gave rise to some kind of immunity in this mouse and indeed, it turns out that experiments further looked at this issue and found in fact the cells that were responsible for this immunity were T lymphocytes so here is the experimental approach that was used, again, if you have a mouse tumor and now when you take this surgically cured mouse and try various components of its immune system and inject those into naive mice, and it turns out the t-cells when injected into a normal mouse would prevent the development of a tumor if you subsequently invented -- injected those tumor cells into that mouse.

Whereas a control mouse that had t-cells from a normal mouse did -- was not resistant to that tumor.

so this is the idea then that got established fairly early, that T lymphocytes were very capable of protecting at least in this experimental situation.

so there was then a subsequent follow-up to that that sort of basically reigned through the 1960s through the '80s in which attempts were made to use this information to prepare a cancer vaccine of sorts.

Various kinds of vaccines were prepared using antigen preparations from tumors so that you could take either the cancer cells and eradiate them for chemically treat them so they wouldn't divide.

You could make extracts of the cells or you could attempt to identify tumor antigens.

And obviously there was a lot of uncertainty about what was a tumor antigen from the very beginning and some candidates were identified and attempted to use in this kind of idea.

and then the other component of a vaccine is this -- still somewhat difficult concept of adjuvants.

so what are adjuvants?

They are something that you add to antigen in a vaccine that boosts the response but which is not part of the antigen itself, has no antigen, just an immune booster of some kind.

This was always very mysterious and we now have some insights into that which I'll get to in a little bit.

but for humans there were limited number of these immune boosting adjuvants available and alum is still a major one.

there's a tuberculosis derivative bacteria that can be used in some situations.

those were all tried and basically the results were very discouraging, that in mice you could occasionally see success but most of these experiments really weren't protecting the mice.

and in humans there was really no real indication of success by this approach.

as a result cancer immunotherapy got a bad name.

so one of the things that started to change this picture was the whole concept of monoclonal antibodies that developed starting in the 1970s in which now you could dissect an immune response to identify the particular antibody that was effective in doing whatever.

so the concept here is shown, I'm sure probably most of you are familiar with this because this is now a standard technique all over the place in which you actually take an immune animal and take its spleen out and you actually can then identify those spleen cells which have the ability to make antibody against a particular antigen in this case a tumor cell and you can then grow this up, screen it to make sure that it's capable of recognizing the antigen that you're interested in, in this case tumor cells.

And then produce it in large amounts so techniques over the years have been developed for doing this in a very effective way.

so essentially in the case of the tumor antigen what you would do would be to select all these clones of tumor -- of antibody forming cells in culture to bind to tumor cells so you would select the ones that were good at doing this by various binding techniques essentially.

Then you would have to select for antibodies that weren't binding to normal cells that might be there in the original immunoGEN and look for antibodies that gave minimal side effects in vivo and ones that would give therapeutic affects in tumors.

basically there were various experiments to do this in animal models especially mice, that showed considerable promise that you could use such high bear domes against due mores and get therapeutic effects but it was difficult in humans.

One of the things that people turned to was the possibility of making these antibodies more toxic to the tumors because if you just bind an antibody to the surface of a tumor cell, it potentially can sit there on the surface and not do anything.

so there are various tricks now that you can think of to enhance that.

one of the tricks that we just heard about is to use radiation.

so you can conjugate a radio active isotope to this antibody and then you have a way of delivering that radiation exactly to the tumor with the antigen on its surface.

and this is then going to really be a toxic antibody as opposed to one that was not modified.

and the other thing that is done and has been done quite actively here at NCI is to put various kinds of toxins co-valently attached to the antibody molecule so -- antibody molecules so these molecules -- when the antibodies typically gotten into the cell by endocytosis these toxins will actually be extremely effective in killing the cell.

so these are ways of loading up antibodies to make them more effective in terms of being cytotoxic agents.

so the other problem that took a while to recognize and a while to work out is the fact that if you take a mouse monoclonal anti-body, it's been difficult technically to work out methods for making monoclonal antibodies in humans.

You can't do a lot of procedures in terms of mice with injecting them and so on.

so cultures showed promise but never really worked out.

What one is left with then is the issue of as you inject a mouse antibody into a human you may have a very good effect initially but eventually not too long thereafter the human immune system will recognize this antibody as being a mouse antibody, it's foreign so they will make antibodies against a lot of determinants in this mouse antibody and the second treatment will be much less effective because antibodies will neutralize it.

so what -- it took a while to work out was techniques using very neat molecular biology to humanize monoclonal antibodies used for therapy.

so there are various ways to do it.

essentially splicing in human sections of the antibody of human antibodies that would not then be recognized as foreign and now essentially an antibody molecule has a particular site that's dedicated to recognizing antigen and it consist of a lot of loops here.

so if you keep those in place according to the original hybridoma but take the rest of the protein and make it human you will have an antibody, a human antibody that still that the antigen binding capacity of the original hybridome.

so this is the way the whole therapy with monoclonals has been going.

so at this point there are -- this is a 2006 summary of antibodies that are approved for use in cancer by the FDA.

and it's -- 8 or something here, some of these are conjugated to isotopes, so these two right here, 131 and ITRIUM 90 but most are not.

they are mostly humanized, some of them still have some mouse character to them.

and they are directed against various antigens only one of which in this list is really what you would have thought of as a classic kind of tumor antigen, and that's the molecule herceptin which is a very useful drug in treating certain breast cancers which overexpress this growth receptor.

and many of them are directed against normal cell surface molecules, particularly in cells of the lymphoid system so the lymphomas and leukemias but they are working in the clinic and are approved by FDA.

just to point out one other antibody against VEGF, also mentioned in our earlier talk, so this was again, against VEGF and you heard about angiogenesis and its role so this is, again, a way that the immune system can be utilized but it's not really in the classical sense of directed against a tumor antigen.

in this case you're talking about the endothelial growth factor.

so then there's -- this success has then stimulate ad lot of companies to invest in developing more antibodies.

This is just a list of ones that were at least a year ago in phase 3 trials and there are more down the pike.

Again, only a minor number of them seem to be loaded up with toxic things like radiation, most of them are just plain antibodies.

and in a way it's been kind of curious that they've worked as well as they have.

I know that the first successes that were used with just plain straight monoclonal antibody people were a little surprised, maybe more skeptical people were surprised that they work sod the question was how does this work?

And one way that seems to be quite accepted as a method by which these antibodies work is something called ADDC.

This is then using NK cells which are a kind of lymphocyte normally occurring that has a cytotoxic capacity.

these NK cells are baring on their surface a receptor which recognizes the FC portion, that is to say the end portion, that doesn't bind antigen of antibodies.

When these are formed into a big complex such ads on the surface of a tumor target, this FC receptor recognizes that those antigen antibody complexes, these cells bind to the target cell and this receptor triggers a degrandlation in which cytotoxic molecules stored in granules in the cytoplasm of the NK cells are released towards the target and destroy the target.

I'll go into more detail on that process because it's a process that's shared by cytotoxic T lymphocytes which we'll come to in a minute.

but ADDC antibody dependent cell toxicity is one way which the antibodies bind to the surface and don't have nominal toxin on board can work.

so talked a little bit now about the whole kind of approach using monoclonal antibodies which is certainly a success story.

one of the problems with it, Dr. CampHAUSEN remarked on are these tend to be expensive, they are used in cases where there's no other cheaper therapy, cheaper and better therapy, and the reason they're expensive is it's take an long time to develop them and drug companies want to get their money back as long as their patent is good they're going to do that.

so obviously there are limits there and people have spent a lot of effort developing other use, other approaches to immunotherapy besides monoclonal antibodies.

One we certainly hear a lot about here at NCI is the transfer of t-cells into patients and so now instead of using antibodies we're using cells and putting them into patients so we'll talk a little bit about these approaches at this point.

so in fact this whole kind of thing had a lot of history at NIH and at NCI in particular because T lymphocytes are normally had not been possible to expand in culture in the lab until the 1970s Bob gal Lowe's lab here at NCI discovered a cytokine that came termed IL-2 because he need ad way to grow t-cells for studying viruses infecting T cells.

after this IL-2 was described Steven bear.

Jumped on this and deban to try to exploit this for what he called adoptive immunotherapy which consisted of growing large numbers of cancer patients lymphocytes that would be specific and effective for therapy.

so using EL-2 you could grow these in large numbers in vitro and give them back to the patients.

so there's been a lot of effort to use this idea and certainly at this point we have culture techniques which have allowed the expansion of normally accessible numbers of lymphocytes from a patient up to a number like 10 to the 10th or 11th that could be reinfused into the patient from which they're originally derived and that can comprise a considerable number even compared to number of t-cells that are normally present in the body which would be about 10 to the 12 so you're talking about 1 to 10% here going back in.

if these are going to recognize cancer cells then you would certainly hope they would have a therapeutic effect.

here is a schematic version of what's involved T surgeons remove a tumor, in many cases it's an accessible tumor but not necessarily surgery that will cure the patient because there maybe other metastatic lesions around as well.

you take out the tumor and put it in culture in the presence of IL-2, the tumor cells not having a growth factor and not in general doing very well in tissue culture die off but the IL-2 allows the growth of t-cells and you take what grows up and put them -- dilute them out so you're looking at individual clones.

and add back tumor cells and look to see which of these t-cells in these wells are capable of responding to that antigen by making a cytokine in an interferon gamma.

so there's a readily available method for decking interferon gamma from those t-cells and you take the wells which are showing that response and blow them up.

so you can then using IL-2 and some other antibody against the T-cell receptor, expand those cells which are reactive with the tumor in great numbers and give them back to the patient.

so as we'll get to one of the issues that comes up here is that the immune system has a regulatory mechanism for assessing the number of lymphocytes that are in the lymphoid system and it really helps to be able to deplete them the normal ones in the patient's body somewhat so that the immune system will allow these to find a home and find a niche by which their survival will be much better because otherwise if you just give them a lot of them will just die because the immune system sees them as excessive.

so there are a number of beautiful examples of what's possible using this technique and here you see a patient with some scanned sections showing in the liver a lot of metastasis that looked really grim.

and one month after treatment with such tumor infiltrating lymphocyteious see these lesions have diminished greatly.

you can see a few after a month but after 18 months in this particular patient there was really very little in the way of tumor on board.

so you can in some situations get very dramatic responses from tumor infiltrating lymphocytes.

but unfornatalie those are not the majority of patients that are treated.

melanoma is a tumor that has many cases has leagues in the skin so you can see what's going on and has the traditional reputation of being kind of antigenic cell so that in some cases of melanoma you get spontaneous remission.

and it looks like you actually can see spontaneously an immune response developing and you can see infiltrating lymphocytes around the lesions in the skin so this is given melanoma a reputation as been an antigenic tumor but unfortunately it's not antigenic enough to help most people.

so this is the summary slide from the rosenburg group where they treated 35 patients with this kind of therapy.

of those 35 patients they treated, this is a really a lot of work and obviously a lot of effort by the lab because you have to in each case really identify those lymphocytes which are reactive with tumor and grow them up in these very large numbers and I can tell you it's not a trivial matter to do this.

they found the patients they treated were responding in a positive way.

this is the summary slide and what you ear seeing is partial responses, PRs, versus complete responses.

and the duration of the response over in this column.

and what you can see is that the great majority of these responses were partial responses which means that there was an objective, diminishing of the total tumor burden in the patient but that eventually they -- the tumor would come back.

there were I guess three in this table 3 examples of complete responses that were lasting up to two years in which it looked like the treatment had completely wiped out the melanoma.

so this is the various sites of the disease.

so what you can say is that there's clearly something that's reactive in these pills for half the patients but that the success level isn't really anything like what you would like for all this trouble.

so clearly there's been a great interest in improving the success of this and various ongoing approaches are still going here at NCI.

and other places.

so it's a very expensive treatment but it should be regarded as experimental and something that could be really made much more feable in terms of expense in the future.

so one of the things I mentioned briefly is that you can improve the survival of those pills that are going into the patient by depleting the total number of lymphocyte with drugs before they go in so they will have more opportunities to find survival niches in the body and stay around for longer so that's one of the kind of approaches being exploited now.

let me turn to the whole kind of area of active immunotherapy.

in this case what you're doing is really giving something that you're growing up in culture.

either from hybridomas or cells and you're basically not depending on the patients' immune system to do all that much.

and this is obviously something that for advanced cancer is in many cases better than something that requires an active immune response in the patient because in many of these cases there's been a very good experimental data to show that these patients with advanced cancer have essentially very ineffective immune systems, their immune systems are not normal and they're really defective.

so this is a disadvantage with active immunotherapy but on the other hand it really in some cases you do have patients with immune responses that are intact and if you can treat earlier disease then you have a much better chance of getting an immune response going in the patient.

How can you do this?

This is again more or less the old vaccine kind of idea, and so you're trying to take a patient that has a particular cancer and prepare a vaccine and give it to the patient.

so what you're dealing with here is a very much experimental approach based on the great progress in our knowledge of immunology because essentially as we have over the past 20 years appreciated to a much greater extent exactly what it is that t-cells recognize we have gotten increasingly sophisticated in our ability to use this kind of approach.

so let me just show you some of the specifics here.

first of all, it's now clear and I'll show you examples that t-cells really have a retentor that recognizes antigen and the antigen is not the same antigen that an antibody sees.

Antibody see as whole protein, particularly one section of the surface of that protein but a t-cell recognizes a peptide derived from that protein.

so really t-cells have a receptor specialized and that wasn't appreciated 25 years ago.

we've also greatly enhanced our understanding of what tumor antigens are and by using some kind of recombinant antigen preparation either of the protein or peptide we can actually come up with a much more feasible kind of vaccine candidate than using the old cellular mixture or extract.

we've also recognized that immune responses are really generated by specialized antigen presenting cells, and this was not appreciated until relatively recently.

so again by using these specialized antigen presenting cells we can make potentially vaccines much more efficient.

and lastly, that there are in the immune system negative regulators that suppress immune responses and that by blocking these negative regulators we can enhance responses and I'll talk briefly about a a couple of these things people are using.

so therefore there are all these new treatment approaches including the use of actual vaccines consisting of peptides optimized for binding to both the MHC which is what ordinary cells have on their surface that is a binding receptor for these peptides, that is recognized by the t-cell receptor.

isle show you that in a second.

and that if you inject into patients or animals vectors which express such antigens and potentially accompanied by cytokines which enhance immune responses and co-stimulatory proteins then you can actually make a much more effective vaccine.

so we'll talk a little bit about that and the use of thee antigen presenting cells, dendritic cells in vaccine preparation that goes along with the adjuvants.

and finally, that you can actually measure an immune response by the t-cells in patients much more effectively than used to be feasible.

so let me just start with what t-cells see.

t-cells have a receptor which recognize a complex of antigenic peptides shown in green in this top panel, complex with a class 1 major histocompatibility protein.

so these MHC proteins are present on the surface of most cells and their whole function seems to be to bind the peptides that come from within the cell and allow the immune system to get a feeling for what's going on inside the cell.

so here you see this MHC antigen so the cell surface would be here and here is in this view a peptide bound to this cleft in the major histohistocompatibility up here facing away from the surface, this is the whole MHC molecule.

And the t-cell receptor, this is actually from an x-ray defraction image, actually binds to this complex and sees epitopes on both MHC and the red peptide together.

so by appreciating this, you have now the real possibility to design an antigenic peptide that will bind to the normal MHC molecules on the surface of tumor cells and other cells.

so this kind of approach allows you to identify tumor antigens in a way that wasn't possible before.

so we talked about the fact that you can isolate these two infiltrating lymphocytes and drove them up to give to patients in therapy but the other thing that by analyzing these tumor infiltrating lymphocytes you can identify what antigens they are recognizing on tumor cells.

So this really gives you a method by using expression cloning of really getting at what it is that the real effective tumor antigens are in the body so that you can exploit this for making a vaccine.

so turns out that over time a lot of effort has been devoted to this.

and so what are the antigens that t-cells can recognize from such an approach?

So you would expect just thinking about knowing that what tumors are are the results of mutations, that mutant proteins formed by the very events that give rise to the tumor would be expressed and would be recognized as foreign by the immune system, indeed that is the case and here are some examples of mutations in beta catenin, normal caspase 8 in normal proteins expressed on the surface as a mutant peptide are recognized by some of these tumor infiltrating lymphocytes but a bunch of other things have been uncovered by this approach as well.

such as proteins that were totally unsuspected that were actually encoded by introns which nobody thought would be doing anything.

and in fact in one case in a melanoma, tails were found that were recognizing such a protein.

there are proteins that are foreign because they're abnormally glycosylated.

Such an example is one called mute 1 found in breast cancer.

there's other antigens that are not foreign but in fact are normal components but maybe abnormally expressed in one way or another.

so for example there are proteins only expressed during embryo genesis that get reexpressed during when tumors take off.

and there are examples from melanoma, breast and glioma.

and there are also cells that express receptors abnormally, in this case a growth factor receptor.

and they are recognized by this her-2, which is actually one of the antibodies which is now clinically used for treating breast cancer if it expresses this receptor which can be looked at.

and then the tiles recognize also normal differentiation antigens in some cases as well such as these examples from melanoma.

these can be exploited if this particular differentiation antigen can be the target of a cytotoxic therapy.

so for example if you have a melanoma, and you get all your melanosites in the periphery you'd be happy because you might be an albino but you would be alive so that's an acceptable trade off in that particular case.

so this is a summary of the peptides used in clinical trials for various kinds of cancer.

including a lot of experiments with melanoma but others that are found in other kinds of tumors.

And you see these are peptides which are pretty easy to make.

there are only maybe 8, 10 amino acids up to maybe 15 amino acids and they bind to the various HLA antigens most commonly people go after ones that are using the most common HLA antigens like HLA-2 which is something like 40, 50% of people have it.

so it's a very attractive one to target.

in some cases they bind to class 2 antigens rather than class 1 antigens but that's another story basically.

so turns out that such vaccines and there's not only pep side vaccines in this -- pep side vaccines in this -- peptide vaccines in this table but others that are using recombinant viruses and so on to express tumor antigens in other tissues.

so this is just basically a summary table of cancer vaccines using this approach of trying to get the immune system up and going against a tumor antigen.

in fact, as of 2004 had a rather bad track record.

so with the technology available, in some cases using quite a bit of sophistication in terms of using the antigen and expression vectors, the response rate was down under 5% so it hasn't really worked out as well as people had hoped using the technology present just a couple of years ago.

so what can be done to enhance this?

So there are a number of ideas that are currently being exploited.

one is that if you have a peptide antigen and it's let's say modest in its effectiveness in such a vaccine preparation, one of the ways to enhance it is to play around with the amino acid residues in the peptide to make them better able to bind to the major histocompatibility locust proteins so you know the structure of these things and you know how to play around with amino acids so you have better binding to the actual cavities in that NHC molecule.

this will actually potentially greatly enhance the immune response and such things have been demonstrated in animal models.

now, the other thing that really ha been a big conceptual advance in immunology is this idea that specialized cells exist to present antigen to get an immune response going.

this was really an area that was not appreciated at all until maybe 10, 15 years ago.

it now turns out quite well recognized that the immune system uses these antigen presenting cells, in particular cells called dendritic cells that are really specialized to do antigen presentation for the immune response.

and you really need to appreciate this whole concept in order to think about how to make a good vaccine.

so here are -- is a tissue in which a particular kind of skin dendritic cell called (indiscernible) cells is capable of processing antigen which is injected and it digests it up into these peptides and presents it on its surface in a way that's most favorable for a generation of an immune response.

and in particular, the immature dendritic cells which exist in normal tissue are very good at capturing antigen that's injected.

and they are very good at processing it into these peptides but what they're not very good at is stimulating t-cells.

In order to stimulate t-cells effectively they undergo this differentiation process and you can see that there's a big difference in the shape of an immature dendritic cell and a mature dendritic cell where you have long extensions of the cell existing and this is driven by particular components which turn out to be these adjuvants that are all known to be things that you could add to immune response to make it more effective so these are microbial products and inflammatory cytokines that you can in vitro easily culture these dendritic cells which have gotten antigen and captured it and processed it to make them very effective at presenting antigen by giving it these adjuvant compound.

at the same time they develop on their surface co-stimulatory molecules which also engage other receptors on the t-cells.

I don't want to get into a lot of detail here that make the immune response more effective.

that's what this panel is showing here.

so in practice how you do this, well, you can take these immature dendritic cells from blood, that ear actually a form of monocyte in the blood and they can them, harvest them from patients and culture them in vitro with cytokines, GMCSF and IL-4 to develop them into immature dendritic cells which you then will culture with the antigenic peptide in the presence of one of these adjuvant-type compounds.

you're not giving these adjuvants in vivo because here you get into a lot of tricky problems with toxicity so LPS which is a bacterial product is rather toxic in vivo but you can use it in culture.

so there's then this culture period during which dendritic cells mature and become antigen presenting cells which you can inject, IV, freeze it down for later boost as well.

so this is one of the current ideas that's being widely used for making better tumor vaccines.

But another concept that has been again more recently developing within the field of immunology is the fact that there are -- the immune system is always a balance between expansion of the immune system and suppression of the immune system.

and there are components that are available now that will dampen down the immune system which if you block that inhibition you can enhance the immune response.

so one of those is sort of depicted in this scheme here in which you're looking at t-cells getting antigen presented biodendritic cell and in the normal case what you have is an interaction between the t-cell receptor and this antigen which is shown here in this little triangle.

and some co-stimulatory molecules all of which are shown in green arrows activating the cell to make an immune response.

the immune response is very temporally limited so it only goes on for a short period of time and you want to have that activation period cut off so the -- there is a late developing suppresssive molecule that is expressed on the surface of the t-cell called CTLA-4 serving to cut down on this activation by blocking the stimulatory signal.

so that is really what terminates the immune response so it's engaged then it's shut off.

but if you block that suppresssive signal by CTLA-4 with antibodies against it, you can enhance immune responses so this idea has been exploited for immunotherapy.

and here you see an experiment with -- in mice with B-16 melanoma tumors that are -- now you're looking at the tumor area with time and you're injecting this melanoma cells and treating either on the same day with these various treatments or subsequently with these treatments, and the treatments are just antibody IGG or the treatment with hamster IGG and the GMCSF, which is the tumor inducing, or antibody against CTLA-4 alone which is what you have here, or antibody against CTLA-4 with the -- with the tumor end so you can see is you actually block the development of the tumor if you do this at day zero or four and you suppress it at later times as well.

so what this is thought to do then is really show that this suppresssive molecule CTLA-4, if you block its action will enhance the immune response.

this is exploited in humans and one of the interesting things that happens when you do that is you actually develop some in some patients real acute symptoms of autoimmune disease.

That's because this CTLA-4 antibody is going to block all kinds of -- it's going to block the inhibition of all kinds of immune responses including ones against normal tissue so you have to accept a certain level of autoimmune disease which in some cases is controllable but it's actually an interesting indication that you got the right idea here in terms of looking at ways to enhance immune response in a practical treatment.

and the other aspect of the -- again, ongoing concepts in immunology, this is a fashionable one, regulatory t-cells sometimes called TREGS.

this is an idea that an immune response is always a balance between activating signals and suppressive signals and turns out that originally people thought that most of the sort of autoreactive t-cells that could actually give you autoimmune disease because they would recognize self were deleted in the Thymus.

so that idea was a dominant one for a long time but now in the last few years a lot of people have -- while acknowledging that sort of depletion of autoreactive lymphocytes in the Thymus is a major factor but there are other ones as well and there are many autoreactive lymphocytes in all of us, but their ability to respond is inhibited by these regulatory, so called regulatory t-cells.

There's a long and interesting history of this and I won't go into details except it's envisioned these regulatory t-cells can actually block the development of an immune response and if you wipe them outs you will enhance the immune response.

so there's a lot of current effort to use these to do various techniques that will deplete T regulatory cells, the suppressive cells and allow you to enhance the immune response using a vaccine.

So this is very much an ongoing enterprise as we speak.

so what are the other real ad advantages of this sort of current technology that we have is the ability to actually look at the patient responses to tumor vaccines in a way that wasn't possible before.

so traditionally one could look at the number of t-cells that would react with an antigen and one way I already mentioned is because they'll secrete for example a cytokine like interferon gamma in the presence of tumor cells but they also you can measure direct cytotoxicity of tumor cells by at least a subset of these t-cells.

and you can measure the antigen induced proliferation of these t-cells so these are traditional in vitro functional assays but they were difficult to carry out in a patient situation.

And now one has the ability to actually measure specific t-cells based on their peptide binding and this is actually feasible, I'll show you in the next slide, using patients.

and obviously PCR is another way you can actually look at the expression of t-cell receptors specifically.

and then there is also various assays that measure cytokines in culture and we don't need to really go through that but there's another way to measure this in vitro.

so this just shows you what are the kinds of neat things you can do now using florescence activated cell sorters to look at particular t-cell responses, this is based on making a complex of MHC molecules that are soluble now, you cut off the membrane domain of the MHC molecule so it has the ability to find the peptide and also has a tag on it that you can recognize with a fluorescent probe.

so in this case has a BIOTIN and it reacts with a fluorescent antibody.

(indiscernible) that is detectable using a florescence activated cell sorter so this is an example of a patient's blood limpcytes where the patient was treated with a vaccine that was protected against one of these peptides from a melanoma, the active cells flourescing with this tag are shown in the upper right hand quadrant so you're looking at a dual labeling system using CD8 cells, an antibody in CD8 cells and this kind of tag to look at the antigen binding and you see with time in this vaccine treatment the patient is giving rise to more and more of these t-cells that are capable of recognizing this tumor antigen.

so you can actually correlate this with the appearance in this case of a melanoma in the patient you see here rather nasty group of melanomas on the skin and after a few months they start to go away and after a number of more months, you have a very definite diminishing of those melanomas and that's correlated with the pathology that you see here.

so this is a powerful technique for analyzing whether the vaccine that you're giving is actually doing what you want, which is increasing the number of t-cells in circulation that is capable of recognizing the tumor.

so let me just end with a little bit of basic biology about how these killer sites -- lymphocyte consist work.

the exciting thing about using lymphocytes to treat tumors had to do with the ability for many years to show that some of these lymphocytes are cytotoxic so my lab has actually studied this for a number of years.

and this is just an example of a killer lymphocyte, in this case a CD8 positive t-cell recognizing a viral antigen and this cell is virally infected with that virus and this lymphocyte in the culture is approaching this cell and you can see that after its coming in contact with it, there is a rather rapid response in which the membrane of this t-cell after initially contacting it begins to try and envelope the tumor cell by spreading out on the surface obviously lymphocytes being small, fibroblast being large doesn't succeed in engumming but you see a nice area of contact developing and the whole kind of round shape of the lymphocyte being distorted and these cytotoxic granules which you can see as little balls in here are migrating then over towards the surface where the t-cell is bound to the tumor -- to tumor cell, and the virally infected cell in this case.

and within a few minutes that cell is showing signs of apoptosis.

You have this believing of the membrane of the cell so this is a dramatic and rapid cytotoxic activity that's contained in mature CD8 positive t-cells that should be capable of being exploited to treat tumors.

and so how does this work?

In fact this is something that my lab has been involved with for quite a few years.

in fact, no NCI those granules you can see depicted in that time lapse, you have the presence of some interesting proteins, the contact with antigen based on the t-cell receptor triggering results in this degrandlation so this is very analogous to what happens when a mass cell sees an I GE that's complex with antigen.

these secrettory granules fused with the plasma membrane and the material is released into this synaptic like space between the t-cell and the target cell.

and among the important components in there are perforin and granzymes.

this is just to show you to point out these granules are actually moving very rapidly which I think I showed you.

so what's in the granules if you look at the proteins in granules these PERFORIN and granzymes are the most important.

granzymes are a series of proteolytic enzymes which are basically typical sere reinproteases but a sub family.

they're basically modified lysosomes so they have lysosomal enzymes in there as well.

But these are important for the function of the cytotoxic activity and what was discovered from time back is in fact that this PERFORIN molecule is an interesting one in that it is able to form pores in membranes.

So here is an example of a red cell actually that was attacked by a cytotoxic lymphocyte, in this case an NK cell, which I mentioned is capable of triggering a sort of degrandlation if it's seeing an antigen antibody complex on the surface so here you see these membrane pores formed in red blood cell membranes and in this case in LIPOSOL membranes.

and you see the negative stain is capable of permalizing so these are functional pores that develop and the resulting cell then undergoes an apoptotic response that isn't so characteristic of membrane pores because compliment also makes membrane pores and what you don't see in compliment killing is apoptotic believing of the target cell.

DNA fragmentation is another indication of apoptotic death not seen with bores made with antibody and compliment.

that's the role of these proteases and in particular grandZYME B of all grandZYMES is allowed to enter the cytoplasm of the target cell through the pore formed by PERFORIN that triggers this apoptotic response, which is a caspase response A protease cascade resulting and that gives you the apot tottic death.

apoptotic death.

That's depicted here where the pores are allowing these protease grandZYMES to get into the target and that's giving rise to the death.

and in fact, just to sort of cut this a little bit short but show you that in fact if you go back to that mouse model where you're injecting this carcinogen MCA into the mice and you compare PERFORIN knock-out mice which don't have functional cytotoxic lymphocytes with lymphocytes that are from normal mice what you see is that the tumors are much more pronounced in the PERFORIN knockout mice so here you see tumor formation with time and you see the PERFORIN knockout mice make more tumors more rapidly and this is different doses of the carcinogen.

so there is an effect in vivo of these -- this particular kind of t-cell and the cytotoxic mechanism is important in controlling tumors.

I think what I'll do here is just stop because we're at 6 o'clock and take any questions that you may have if you're not starving to death.

[Applause]

>> I have a question.

when you mentioned about the CTLA-4 blockade you mentioned the result of that is you get autoimmune responses.

What type of responses are you talking about?

>> Vary rid autoimmune responses.

My previous version I had a slide which detailed them all but there are actually a whole spectrum of autoimmune responses.

many of those are controllable so it was considered potentially an acceptable side effect but it's not just one so you have a whole bunch.

>> Arthritis?

>> I believe arthritis was among them.

yes.

>> That will do it.

thank you.

>> Thank you.

