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Dr. Aaron Carroll:

Welcome back to the Healthcare Triage Podcast. This healthcare triage podcast is co-sponsored by
Indiana University School of Medicine, whose mission is to advance health in the state of Indiana and
beyond by promoting innovation and excellence in education, research, and patient care, and the
Indiana Clinical and Translational Sciences Institute, a three way partnership among Indiana University,
Purdue University, and the University of Notre Dame, striving to make Indiana a healthier state by
empowering research through pilot funding, research education, and training. More information on the
Indiana CTSI can be found by visiting indianactsi.org. Our guest this week is Dr. Huda Salman. She is the
Don Brown Professor of Immunotherapy, executive director of the Brown Center for Immunotherapy,
and chief of leukemia at Indiana University School of Medicine. Dr. Salman, welcome.

Dr. Huda Salman:

Thank you very much. Appreciate the introduction.

Dr. Aaron Carroll:

We always like to start with our guests by asking them to talk a bit about themselves. How did you get
interested in this area? How did you get your training in science? How did you get to where you are
today?

Dr. Huda Salman:

So I did my medical school at the University of Jordan, in Amman, Jordan, and once I hit the clinical
years, which is year four at that institution, and I started taking clinical classes and pathology and
medicine classes, and I saw the blood cells under the microscope, I just said, "That's it. This is for me. I
am going to be a hematologist." And that never changed. And then I moved to New York for my training.
I went to NYU and Cornell for internal medicine. That was followed by a hem/onc on fellowship at
Einstein Medical College. And then I did a bone marrow transplantation fellowship at Sloane Kettering
downtown Manhattan. And then in 2014, the field of cellular therapies other than bone marrow
transplant and stem cell therapy, as in CAR T-cells was just starting and some of them were getting
approved, and then I got very interested in that because it's less intense than bone marrow
transplantation, but hopefully with time it will accomplish the purpose of that.

Dr. Huda Salman:

so I shifted my research as well as my practice into cellular therapies, but kept the transplant part, but
also started doing CAR T-cells. I also shifted my lab research into making those CAR T-cells and optimizing
them and finding new markers in cancers and adding more of those CAR T-cells to my practice portfolio,
as well as my clinical trials. And then last year, towards the end of it, they were looking for, here at
Indiana, for a director for the Brown Center for Immunotherapy, which to me sounded like it had it all
because it's immune therapy, I'm going to focus on what I like, which is cellular therapy and
immunotherapeutic, and I felt that's what I want to do at this stage of my career, and then I moved to
Indie.

Dr. Aaron Carroll:

Page 1 of 12



Show: Healthcare Triage Podcast
Episode: How Immunotherapy Can Fight Cancer (w/ Dr. Huda Salman)

So let's back up just a little bit. Can I get you to explain for the audience what exactly is leukemia? I
mean, how is it different than other cancers?

Dr. Huda Salman:

Well, leukemia is a cancer that originates in the bone marrow, and the bone marrow is that red material
or red substance or cells that we see when we break a bone. So in there, there is a cell of origin for all of
the blood elements. It's called the hematopoietic stem cell. That hematopoietic stem cell or a close
progenitor to it, i.e. a closer cell that it produces to that original cell could acquire genetic errors and
then becomes independent of everything in the body in terms of growth and proliferation. So it really
could not be stopped by the immune system or the growth factor, alteration, the bone marrow or
whatever the body does to keep things going physiologically normal. And that creates what we call
leukemias, and leukemias are multiple. There are multiple subtypes of them. The two major subtypes
are chronic and acute, and I am an acute leukemia doctor.

Dr. Huda Salman:

And the difference between the two of them is that chronic, they take place over time. Sometimes we
don't have to treat them right now, while in the case of acute leukemias, they are aggressive. They
progress over a very short period of time, and as soon as they are diagnosed, they need to be treated.
And they essentially reflect that that stem cell in the blood, in the marrow had become abnormal, and
now the proliferation and the growth and the multiplication of that cell is so fast and so strong that it
could leave the marrow, go to the blood, invade other organs, and just become too many of them. And
that the normal physiological function of the body cannot contain them. And that's the status that we
call acute leukemia.

Dr. Aaron Carroll:

What causes the bone marrow to do that?

Dr. Huda Salman:

In the majority of the time, it's only genetic errors that happen all the time in the human body, and they
become more prominent with aging. So acute leukemias in particular are a disease of the elderly,
although they can happen to children, and I have seen that, and we do have that as a specialization as
well. But as we age, the DNA acquires certain changes, and if some of them happen to be drivers for
certain cancer, that's when acute leukemia happens, or leukemias in general. So environmental factors,
because people ask about that all the time. I mean, chances are they contribute, diet, obesity, lifestyle,
smoking, drinking, all these things, they do, but they all factor into genetic errors in the DNA. Of the
environmental factors the only one that is proven in fact is massive exposure to benzine. And that's not
like just filling your CAR up with gas, but just working in gas mines where benzine is abundant and
inhaling that a lot. That's one of the environmental factors. And the rest are, again, if they are not just de
novo genetic errors, they could be lifestyle related such as all other cancers.

Dr. Aaron Carroll:

So other than the fact that one seems to move fast and slower, are there other differences between
acute and chronic leukemia?
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Dr. Huda Salman:

The other difference is one of them can become the other, and that is the chronic can become acute if
they accumulate more genetic factors, or there was a time that they should have been caught and
started on therapy and they were not, they could become acute leukemia. But the other way around is
not possible. So once they are acute, they are acute. And the other difference between the two of them
is that in general, the treatment of acute leukemia is way more aggressive than the treatment of chronic
leukemias. Most chronic leukemias, they can be treated by oral medications, pills, especially when they
are earlier on, while most aggressive leukemias need intensive chemotherapy and other stronger
measures, such as bone marrow transplant and/or cellular therapies, immune therapies, all of these new
novel agents that we have right now.

Dr. Aaron Carroll:

So sort of walking through the history of therapies, was this originally treated, if we were trying to treat
it, with chemotherapy?

Dr. Huda Salman:

Yes. And we still are. Chemotherapy still is a keystone in treating especially acute leukemias. Going
through the history of their treatment, very, very early on, like a hundred years ago, people discovered
the gas nitrogen mustard, which was unfortunately used in wars, and in just hurting human beings, and
scientists at those early days, they thought that this nitrogen mustard could be a treatment for cancers
because cancer is abnormal growth and this agent hurts the body, so it might also hurt the cancer. And
they were right. There were responses, not very durable, but they saw a regression of cancers, whether
they are leukemias or others, and we still use this particular agent up until now in treatment of some
cancers. And then the next step was radiotherapy, because also people noticed that exposure to
radiation. It also could regress cancers, that was a thought, and then it was tried at smaller doses and it
worked. And then people then combined the two of them and became innovative and creative in how to
use both of them together in solid cancers, as well as in leukemia.

Dr. Huda Salman:

But then most recently, we could say during the past two or three decades, people started thinking, or
scientists started thinking about the fact that these agents are so toxic, they just kill, so to speak, the
good and the bad. And there were so a lot of side effects to them. So some brilliant people at those early
times started looking for specific targets that can be targeted, and these targets are only expressed or
found on the tumor cells rather than on normal tissues, and they thought, "Well, if something becomes
malignant and becomes tumor, then there might be differences between that and the rest of the organ
that that cancer originated from." And those differences could be targeted, as in targeted therapy. And
then we started seeing the creation of more of those as we identify more targets and we see more
differences between the normal and the abnormal. So that was what we call targeted therapy, and that
was the '90s and the early 2000s.

Dr. Aaron Carroll:

Can I get you to talk about bone marrow transplant, though? Why would that be something we would
use, and how does that work?
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Dr. Huda Salman:

So going back to leukemias, other than solid tumors, one of the distinguishing things that also separate
the treatment of leukemias and lymphomas is that we might also utilize bone marrow transplantation for
their users. And this is not a new approach. It actually was done in the 1950s. The thought at the time
was if we can eliminate everything in the bone marrow, but then can replace the bone marrow with
some cells that will repopulate that marrow and produce new stem cells, then we can get rid of
leukemias and some lymphomas for good. That idea was started to be applied, again, in the 1950s. There
were many confounding factors to its success at that point in time, because what they were doing is that
they were putting two immune systems together, because most of what we call an immune system
actually is part of the bone marrow.

Dr. Huda Salman:

And when we do this, then there will be a fight between the incoming immune system and the immune
system that has become in partly cancerous, or was at least hijacked by the cancer and utilized for the
cancer rather than for the body. And that approach led to severe consequences where the incoming
immune system was very strong, and then although it might have gotten rid of the leukemia, but it
replaced that with another disease called graft versus host, where the incoming cells attacked the liver
and the spleen and the skin and the lungs of the patient, and the very few patients that were
transplanted at that time, they died, but scientists and doctors, they did not give up on that because
they realized that if we can control this part, which is the graft versus host disease, and the strength of
the incoming immune system, then we might be successful later on producing some good therapeutics
to cure since we are getting to these stem cells where the tumor itself is originated.

Dr. Huda Salman:

And with time and over decades, that was very successfully accomplished, and we went from a survival
rate of zero when we started to a survival rate of in the 80s and 70s treating very aggressive and
recurrent and resistant to everything leukemias and lymphomas. And in general, the bone marrow
transplant is divided into a transplant from your own cells, and I usually don't call that a transplant
because the word transplant means taking something from someplace and putting it somewhere else.
And if I am using the patient cells to transplant that particular patient, then it's not really a transplant. So
the other more accurate term for that is a high dose chemotherapy and stem cell rescue, and idea for
that, which is called auto transplant, is if a small amount of this drug is able to put the disease in
remission, then if we give 10 times that amount, we might get rid of that disease forever. But if we do
give that 10 times of that amount of drug to the patient, we might end up with a dysfunctional marrow
forever, and then the patient won't survive it.

Dr. Huda Salman:

So what we do is we take some of their stem cells after they are in remission, and we put it in the
refrigerator, and then we use that huge amount of chemotherapy to eliminate everything else. And once
that chemotherapy is out of the body, then we reintroduce these cells, we put them back. And then they
are smart enough, they repopulate the marrow. So hence the term here, transplant. But actually the
therapeutic part is the very high dose chemotherapy that we did before then. And the other type of
transplant is from somebody else, and the idea here is just to replace that immune system altogether
with the immune system of somebody else.
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Dr. Huda Salman:

So here that big amount of chemotherapy that is given upfront is utilized for a different purpose. It's
utilized to just remove that already present immune system. So an immune system, a new one from
somebody else will be coming in to replace those. And again, these cells are injected in the vein and they
know what to do. They go to the marrow, populate, and start producing new blood system, as well as a
new immune system. So these are the two types of transplant that we use. And we tailor them according
to patient's age nowadays, patient disease, how much they have, how much they don't have. So it's now
becoming also very subclassified and made individualized to fit individual patients. And that's where we
increased the good results or the positive results of our outcome.

Dr. Aaron Carroll:

When we talk about transplanting from one person to another, one of the things that always mystified
me was, one, how do you get the bone marrow out, but two, how do you get the bone marrow back into
the new person's body? I mean, which bone does it go to? Does it go to all the bones? How does that
work?

Dr. Huda Salman:

That's much simpler than this, actually. So what we do is we mobilize the stem cells out of the bone
marrow of the donor. We just give a certain medication, it belongs to a growth factor category, and it
stimulates a lot of these stem cells and mobilize them from their niche, their homeland inside the bone
marrow, and they just outflow into the peripheral blood. And then we collected them from the blood of
the donor via smart machine that utilizes very high end technology to pick them up, these stem cells
from the blood. We collect them in a bag, and then we either freeze or not, depending on the readiness
of the recipient. And then we, again infuse them in the vein without going to any bones in the patient. So
they are giving intravenous, like fluids, like any other antibiotic or medication, but these stem cells are
very smart because of all the receptors and the growth factors that they surround themselves with. So
they know where to go. They just home back to the bone marrow and start producing new system.

Dr. Aaron Carroll:

So they find their way to all the bones, basically, and repopulate the entire immune system?

Dr. Huda Salman:

Yes. And then inside the marrow, they just multiply, and they circulate around in the cavernous sinus
system of the bone marrows, of the bones, the long bones and the short bones and everywhere. And
then if you do a bone marrow imaging study or take biopsies two years later, the marrow is populated
like normal.

Dr. Aaron Carroll:

So what's the downside of bone marrow transplant?

Dr. Huda Salman:

So the very first downside is that it's an intensive procedure. It needs hospitalization for some prolonged
period of time, ranging from three to six weeks. And during that period, while these cells trying to find
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their way back to the marrow and start producing new immune system, the patient is basically immune
system deplete. I.e. they do not have an immune system and they also cannot produce all the elements
of the blood. So they are exposed on two fronts. One is the front of defending themselves against
infections, and the other one in the front of producing blood elements. And they will require to be
hospitalized for both of anti-infectious support with antibiotics and all of those, and for transfusions of
the blood elements that their body did not produce them in the meanwhile. And that process, again,
takes between two and six weeks, depending on the patient, their age, their disease, how much chemo
they got, and so many other factors.

Dr. Huda Salman:

So these are the downsides while they are getting the treatment. Afterwards with the autologous blood
transplant, the transplant from oneself, there aren't many side effects that are expected once the patient
leaves the hospital. Probably the major side effect in that case is unfortunately disease recurrence,
because it cures a lot of patients, but some diseases, they even come back after that. While for the
allogeneic transplant, the transplant from somebody else, the major site effects will be the infections
initially and continuation of the infections for a while, because there is a part of the immune system
called the T-cells, it takes a longer time to rejuvenate and repopulate, and those takes at least three
months. So during that period of time, the patient will be exposed or at risk for different types of
infections.

Dr. Huda Salman:

And then next comes the big thing that I spoke about earlier, which is the graft versus host disease. This
incoming immune system needs to understand and needs to get used to the body. We need to suppress
it and fine tune between it and the already present immune system so the patient does not get that
severe graft versus host disease. And that's where basically the art of transplant is, because giving the
chemotherapy and infusing the cells is very simple. What is sophisticated and requires a lot of training
and experience is this part, is just keeping that amount of an immune system coming in to fight the
tumor and populate the marrow, and at the same time, prevent it from causing damage by attacking the
good tissues in the body and causing that graft versus host disease.

Dr. Huda Salman:

And we call them graft versus host disease and graft versus cancer effect, or graft versus leukemia effect,
and I look at them as the two faces of the same coin. So you must have a little bit of the graft versus host
disease to be able to have the graft versus leukemia effect. And for that, you need a good transplanter
with a fine tune between the two of them. So we can get rid of the cancer while not causing graft versus
host disease.

Dr. Aaron Carroll:

Is it the kind of thing you titrate for a period of time and then once you've got it you're good, or does it
constantly have to be monitored for the rest of your life?

Dr. Huda Salman:
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Both, Dr. Carroll. It could be this or that. So some patients require monitoring for a long, long time. Good
news is that's the minority of patients. The majority of them, yes, we can confidently say that maybe 60,
70% of them will need to go through this fine tuning for... Traditionally, we say 180 days, which is what,
six months? Yes. Six months to the first year that we need to fine tune between graft versus host and
graft versus leukemia via medications and expertise and all of that. After which we discontinue all these
immunosuppressive medications, and then yes, the immune system has already been established and
the body got used to it, and it's in the appropriate good amount, and hopefully it will keep going for a
long time.

Dr. Aaron Carroll:

So what makes immunotherapy different and why is it new and exciting?

Dr. Huda Salman:

So allogeneic bone marrow transplantation, which is a transplant from somebody else, is honestly and
continuously, is the ultimate immune therapy, because here you are replacing the whole system with a
new system from somebody else. So it is the ultimate immune therapy. However, the question is, can we
take a fraction of that instead of the whole thing and obtain similar effects? I mean, similar good effects
rather than just go through this whole big procedure of doing massive chemotherapy and admission for
four, six weeks, and then replacing the whole system and producing a new system? Do we need to do all
of this? So current immune therapy that we are trying to develop is something that is acquired from that
process of bone marrow transplant, but not the whole thing. So immunotherapy in general, apart from
the transplant means, can we utilize and re-channel and repolarize the current immune system without
replacing it by using medications or some genetic modifications? So we don't need an immune system
from somebody else, but this current one that unfortunately have failed and did not perform well. Can
we make it better?

Dr. Huda Salman:

That is the concept of immunotherapies separate from transplant. And the answer to that question is
yes, and this yes is becoming bigger and bigger every day because we know and learn more about how
to utilize this dysfunctional immune system and make it better. And we can do this via multiple ways.
One of them is to take one part of it, which is the T-cells, and then take them out of the patient's system
or blood, again via a vein, not going to the marrow or anywhere else, and taking it, them to the lab,
genetically modify them, putting in pieces of DNA that will make their machinery, innate machinery
stronger, and then expand them in the lab, and then when we have them in good numbers, we just
reinfuse them back to the same patient. So we did not replace the B-cells, we did not replace the
myeloid elements, we did not replace the platelet producing machinery. All what we did is we just
replaced the T-cells.

Dr. Aaron Carroll:

First of all, how do you inject genetic code, and what does that genetic code specifically do?

Dr. Huda Salman:
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Okay. So there are multiple types of genetic codes that we can utilize for that. Genetic code is a piece of
DNA that we synthesize in the lab. We can put in it whatever we want. So the genetic code is there
naturally in the cells and it tells the cell to produce certain proteins. So if we take this out and modify it
will tell the cell to produce different proteins that we believe they will be utilized in favor of augmenting
and enhancing this immune system. We, for example, can add two functions in one. So we can add a
piece of the B-cell function and keep the T-cell part function, and then we can put them in one piece of
DNA and then add to that something that we call costimulatory molecules, that it even makes the DNA
been decoded by whatever enzymes are in the cells faster and more efficient. Put all of these in one
piece with certain leaders that will tell this DNA where to go inside the huge amount of DNA that every
cell has and fall into a particular area.

Dr. Huda Salman:

The way we deliver this piece back into the cell, we also have multiple ways that we could do this. The
one that we know more about is by utilizing non-pathologically viable viruses. We call them either retro
viruses or lentiviruses. And thus like any virus, whenever when somebody gets a viral infection, that viral
is either an RNA or a DNA virus, it goes into the cell and it integrates itself into the DNA or the RNA of the
cell, and that's how the infection happens. So we can utilize that mechanism for therapeutic uses or
purposes. So we put that piece of DNA into that viral particle, and then we literally infect the body with
it. And then that virus will go into these cells and it will do what it does, which is integrating itself into
the DNA and then becoming part of that DNA and then producing or changing the genetic code and then
producing the new proteins that we would like them to have and help these cells become better.

Dr. Aaron Carroll:

So does everyone get the same DNA, like the same DNA code inserted or does each individual have a
very specific and different piece of DNA that gets inserted?

Dr. Huda Salman:

The backbone of that DNA piece is very similar, although there are subtypes of them and variables, but
they serve the same purpose. What is different is because of the disease, because in that DNA, there is a
piece of an antibody which is another protein in the body that recognizes certain targets. So a blood
cancer might have a target that is not on prostate cancer or breast cancer or something like that. So that
piece is different. So for each disease we have a DNA targeting part or identifying of an antigen that
happens to be on that particular disease. But the structure of them and how we deliver them is we have
a handful of methodologies right now and we utilize them for everybody.

Dr. Aaron Carroll:

So in effect, we're super charging T-cells? We're just making them so that they're much stronger and able
to go kill the cancer.

Dr. Huda Salman:

Yes. With this genetically modified T-cells, that's what we are basically doing.

Dr. Aaron Carroll:
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What's the downside, or what's the worry?

Dr. Huda Salman:

We are making them really, really, really strong. So for them to maintain themselves going into the
human body, they have to produce certain growth factors, their fuel, the part that they make them able
to multiply in the human body and these proteins happen to be called cytokines. So if there is a lot of
them, then they cause what we call cytokine storm. And that is because these proteins are... They just
are trying to help these cells expand and go into tissues and reach wherever they need to reach, so they
might break certain barriers in the body. The over metabolic status that happens could produce fever.
The patient might retain fluids, including around the brain and in the lungs and in the liver. And we call
that cytokine storm. The good news is that it is treatable in the majority of the cases, and I mean the
majority as in 95% of the time. They happen at a very high percentage, as in 60, 70%, and they are
completely treatable over 90% of the time. We are trying to make them preventable rather than
treatable, but we are not there yet at this point,

Dr. Aaron Carroll:

Are we using this on everybody we can at this point, or is it still something that's reserved for certain
kinds of leukemia?

Dr. Huda Salman:

We have to have a target. So right now we have a handful target in malignant hematology, meaning
leukemias and lymphomas and multiple myelomas. So we have CAR T-cells for all of those. We do have
also a handful of targets for solid tumors, but many, many, many, many are in clinical trials for solid
tumors, such as pancreatic, lung, breast, and all of those. There aren't any that are FDA approved for
solid tumors, but there are probably maybe 10 nowadays that are approved for everything else in the
world of hematological malignancies, and that can be prescribed by doctors in academic institutions.
Plus the many other clinical trials that are going on to improve that and improve the side effects and
prevent them and treat them.

Dr. Aaron Carroll:

But for those cancers where they are approved, are these going to become the therapy, or is it
something that's reserved for treatment resistant leukemia or certain kinds of leukemia?

Dr. Huda Salman:

So every approved drug, Aaron, as you know, comes with indications. So like everything else, they come
with an indication. So some of them are approved for recurrent, relapse, the second, third line, diseases
that have this particular target versus that particular target. So we just follow these approvals or
indications that were shown to be appropriate in clinical trials.

Dr. Aaron Carroll:

What specifically is your lab working on right now?

Dr. Huda Salman:

Page 9 of 12



Show: Healthcare Triage Podcast
Episode: How Immunotherapy Can Fight Cancer (w/ Dr. Huda Salman)

So specifically right now I am working on a new CAR T-cell for T-cell malignancies. All of the approved
CAR T-cell, and let's say 95% of the clinical trials that are going around in the world are for either solid
tumors or for B-cell malignancies. There are only a couple in the world, or maybe a few handful, of those
that are going on for T-cell lymphomas and leukemias, which I can say that they are more aggressive than
B-cell lymphomas and leukemias, but they are very tricky to target via CAR T-cells, because it's a T-cell
that is going to kill a T-cell, so there are many, many, many tricks that I have to go around while
manufacturing and creating this particular type treatment. So that's what I'm focusing on right now. My
lab will expand to others because every day there is a new target and a new combination and making
this better and that better. But this is the project that is my major focus at this point,

Dr. Aaron Carroll:

And maybe I'm just completely off base here, but how do you know that the T-cells you're modifying
aren't bad T-cells? I mean, what if you make a super powerful bad T-cell?

Dr. Huda Salman:

Because every product, again, that will be released by the FDA, whether in a clinical trial or as an
approved medication, comes with what we call a release criteria. So one of my release criteria is that I
have to make sure that the bag that I am giving to the patient does not have a single cell that is bad and
transected or bad and genetically modified. So they are eliminated via technologies that we use. One of
them is flow cytometry. I have to keep making sure that there are none of these cells in the bag that I
give to the patient. But that question is great because this, you asked me about side effects, and I have
not mentioned this when I listed the side effects, but it happened. It happened once or twice over the
past 10 years, that yes at tumor cell was genetically modified to become strong, and it was catastrophic
when it was put back into the patient. But now we know a lot more about this and we're more careful,
and we have this release criteria and hopefully that will never happen again.

Dr. Aaron Carroll:

So when you're doing this, how many cells are we talking about that get modified and put back in on the
order of thousands, millions, billions?

Dr. Huda Salman:

So every protocol have their own starting number. For me, I have two starting numbers. One is how
many the patients should have before I collect them, so when I take them out, I have enough. And then
once I collected them, how many do I have before I start? And then the third number will be how many I
am going to give to the patient, because that also goes in what we call a dose escalation pattern. So the
first three patients, they get less than the next three, because we go up according to side effects. I keep
going up as long as I don't see side effects, I continue to see a response that is dose dependent. So it's
millions. The short answer is millions of cells, millions upfront, millions in the middle and millions at the
end.

Dr. Aaron Carroll:

What are you most excited about in seeing this kind of therapy move forward?
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Dr. Huda Salman:

I am excited about two things. One is to make it a cure, because again, it's a living therapy. There was a
new paper published by the group in Pennsylvania, University of Pennsylvania, they have followed their
very first two patients that they treated 10 years ago, and to the surprise of everybody, these two
patients still have these cells in their system. They're not really super active that they are causing
trouble, but they are just sitting there, and my own feeling and the feeling of other scientists is that they
are there because every time at tumor cell comes, they will eliminate it. So it's like a guard. They're
there, they're functioning, they're part of the immune system. They continue to be.

Dr. Huda Salman:

So that's my first hope. My second one is that for these patients who have very refractory disease that
prevent them from going to transplant, they need to be in remission before they go, and we could not
accomplish that by giving them more chemotherapy and more chemotherapy and more chemotherapy.
Then I am hoping that we can give them a dose of CAR T-cells and then the disease will disappear, but
maybe we know that this disease is really bad and that chances are the CAR is not going to do it, and
then we just make them qualify for the ultimate immune therapy, which is bone marrow transplantation.

Dr. Aaron Carroll:

Are these used in combination, or are there other types of therapies that you think we should also think
about?

Dr. Huda Salman:

So I'm going to answer the second question first. So these other types of therapies are therapies that are
not cellular, they are either antibodies or small molecules, and they do the job of enhancing the immune
system via different mechanisms. So for example, a checkpoint inhibitor. We know that on the immune
system cell and on the cancer cell, there are two receptors that if they bind, the immune cell will be
deactivated. It cannot attack the tumor cell. So the tumor cell uses this protein to inactivate the immune
cell and escape and survive. So there are small molecules or antibodies that can block that interaction.
And then that T-cell is free, it's off leash from the cancer cell, so it still can do its innate genuine function
of lysing and killing that tumor cell. This is called checkpoint inhibitors and we have too many of them
and the list is expanding and getting bigger.

Dr. Huda Salman:

So the reason I answered this part of the question first is because these compounds could also be added
to cellular therapy, to CAR T-cell therapy, because CAR T-cell, it's really powerful and we have made it
very, very strong, but it could still be subject to this effect from the tumor cells, because the tumor cells
are also very, very strong and very relentless, and they are smart, and they keep modifying themselves to
kill any T-cell, augmented or not. So even the CAR T-cells could or might become subject to that
inhibitory effect from the cancer cells, and then hence comes the role of combining them with a
checkpoint inhibitor, for example, or creating a checkpoint inhibitor that will make them even stronger,
and that the cancer cell cannot see them, cannot deactivate them. And that's a combination that we are
looking for in the future.

Page 11 of 12



Show: Healthcare Triage Podcast
Episode: How Immunotherapy Can Fight Cancer (w/ Dr. Huda Salman)

Dr. Aaron Carroll:

So I imagine these new cellular therapies are expensive. So are they, and how do people actually pay for
them?

Dr. Huda Salman:

Well, the answer to this question is that they are ridiculously expensive. And for us who make them, we
know the real cost of making them, and we know that it is not that expensive to make them. However,
because they are made by mostly by pharmaceuticals and for profit, and they are effective medications,
there was a huge hike on their cost. A treatment with CAR T-cell, for example, costs as much as a bone
marrow transplant, which is ridiculous. It's in the range of 350 to half a million dollars to more than that.
So to answer your question, nobody can afford this on their own, and that's why there is a big move in
the country among scientists and physicians to push all insurance companies to put this on their covered
list of medications and also to lobby the government and whoever could help to just put some pressure
on pharmaceuticals and whoever produces these medications to take the prices down. But they are very
expensive.

Dr. Aaron Carroll:

Well, that's an ongoing theme of our show talking about how we can reduce some of the high cost of
healthcare. Well, Dr. Salman, this has been absolutely fascinating. Thank you for joining us. I'm sure that
there will be new things to talk about in the future. I hope we can have you back.

Dr. Huda Salman:

Thank you so much. I enjoyed it, Dr. Carroll.

Dr. Aaron Carroll:

Thank you. Once again, this Healthcare Triage Podcast is co-sponsored first by Indiana University School
of Medicine, whose mission is to advance health in the state of Indiana and beyond by promoting
innovation and excellence in education, research, and patient care, and the Indiana Clinical and
Translational Sciences Institute. A three way partnership among Indiana University, Purdue University,
and the University of Notre Dame, striving to make Indiana a healthier state by empowering research
through pilot funding, research education, and training. More information on the Indiana CTSI can be
found by visiting indianactsi.org.

Page 12 of 12


