Highlights from the IG Living
Teleconference, Sept. 2, 2015

Topic: Inmunology Q&A

Guest Speaker: Following is an edited version of the IG Living Teleconference with guest
speaker Dr. Marc Riedl

I'm a board certified allergist and immunologist, and I'm also certified in internal medicine
and clinical pharmacology. I've done some investigation of drugs and other treatments
over the years. But, mostly, I deal with adult patients with primary immunodeficiencies
(PIs), and my specific interest has been with common variable immunodeficiency (CVID),
which is one of the most common Pls. When we speak of Pls, we're talking about the
intrinsic or inherent function of the immune system to fight infection, but also to regulate
some of the usual functions of immunity and control some of the other bodies’ important
systems. As an immunologist, it’s a very humbling experience because I spend a lot of my
time saying “I don’t know” when I get asked questions. The immune system is incredibly
complex and incredibly resilient, which is why human beings are able to live with all the
insults everyday from toxins and bacteria to viruses and other things. But the truth is that
our understanding of the immune system is pretty basic.

Overview of the Immune System

We break up the immune system into a few different arms:

Arm 1: At the center of this arm are T cells, which are the brains behind the operation (the
quarterback or coach) that are telling the immune system what to do. T cells are critical to
survival. Without them, we don’t live very long because infection will overwhelm us. That’s
called cellular immunity. In most of the adult PIs like CVID, the T cells still work reasonably
well. They may not be entirely normal, but T cells still work and they’re important for
directing the immune response and for fighting viruses and fungal infections, as well as
directing the B cells.
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Arm 2: Outside of T cell function, there is the antibody arm, which is made up of B cells
that turn into plasma cells that crank out antibodies. Antibodies are the proteins that are
primarily important for fighting bacterial infections but also play a role in defending
against viruses. Many of the most common PIs are antibody deficiencies. These include
CVID, hypogammaglobulinemia (X-linked and Bruton’s), specific antibody deficiency and
IgG subclass deficiencies, which are all types of antibody problems, and they are clearly
the most common immunodeficiencies we run into in practice when we see patients with
infections. So, the B cell issues are very common, and that’s where intravenous immune
globulin (IVIG) therapy comes in — to help boost that side of the immune system.

Arm 3: Another arm is called the innate immune system, which is the oldest part of the
immune system if you look at other organisms evolutionarily. The innate immune system
includes 1) the complement system, a series of proteins that punch holes in bacteria and
help prevent infection, and 2) toll-like receptors (on cells that recognize patterns that are
seen in the cell walls of bacteria and certain types of fungal elements) that get triggered
and send a signal to cells to get an immune response. The innate immune system is not
where we usually find problems, but it is possible. This is also a part of the system we can
test if there are issues with infections or other immune problems.

These arms all talk to each other, which is part of what’s interesting but also what’s
confusing about the immune system. The signaling happens through receptors between
cells, so T and B cells talk to each other through receptors but also through chemical
signals called cytokines, which come in lots of different flavors such as interleukin 1 or 4
or tumor necrosis factor. You may recognize these names because there are now drugs
developed to target some of the cytokines or some of these protein signals that go
between the immune cells for things like rheumatoid arthritis and certain other
autoimmune problems. These cytokines are used as targets for drug developers if there is
dysregulation or inflammation.

Q &A (these questions were posed by callers)

Question: How can one have CVID where antibodies either aren’t produced or don’t operate
and have autoimmune dysregulation where the body attacks itself?

Answer: This is one of the paradoxes of CVID. The primary issue is that the body isn’t making
enough antibodies, and those antibodies aren’t functioning very well. That’s why the principal
problem with CVID is recurrent infections, which is how most people present and, in most
cases, is the biggest danger. The second biggest problem is autoimmune conditions. Depending
on the study, 25 to 30 percent of CVID patients also carry an autoimmune diagnosis, which
may include rheumatoid arthritis, lupus, anemia, low platelets and GI issues.
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The best way I can explain it is that CVID is not just an issue with protecting against
infection, but it’s rather the immune system in chaos. The most recognized problem of
CVID is infectious risk. But the chaos also includes autoimmune conditions. The truth is we
don’t know exactly why that happens. There is evidence that T cells (the brains behind the
operations) in some CVID patients don’t work properly. They may still be able to direct
some traffic and fight off some of the really bad infections, but they don’t do a great job of
regulating the immune system or keeping it from attacking the body in some fashion. In
some people with CVID, the regulatory T cells (the police officers who the put the breaks
on the immune system) are dysfunctional or deficient so they don’t stop the immune
system from recognizing and attacking certain tissues in the body. Again, we don’t really
know the reasons why this happens.

Question: What is autoimmune dysregulation?

Answer: Autoimmune dysregulation means that the immune system is recognizing your
own tissues as a foreign antigen. It's mounting an attack on some part of your body tissue
(whether it’s the blood cell, joint, etc.). This attack usually involves both T and B cells, with
T cells being the brains and telling the B cells to attack that tissue. Of course, in CVID,
antibodies aren’t made very efficiently, so the autoantibodies may not be as important in
CVID. As many of you know, a lot of lab tests for autoimmune conditions look for
autoantibodies against human tissues, which is one of the challenges in CVID patients who
have autoimmunity. Looking at those antibodies in a lab test may not be very accurate
because, with CVID, 1) one doesn’t make a lot of these antibodies, and 2) if you're getting
IG treatment, your system is flooded with those antibodies, which means the tests won'’t
give an accurate measurement of an autoimmune reaction. So, it’s this self-reactivity that
causes autoimmune problems and the regulatory cells that are failing at some level.

Question: How does inflammation and pain play a role in autoimmunity?

Answer: Inflammation causes upregulation of certain chemicals and cells that cause
irritation and increase blood flow, and that will cause the nerve endings to get activated.
Most inflammation is associated with some pain; the nerve endings get activated to cause
pain. That could be painful joints, painful intestines or painful skin. Wherever the
inflammation is, you’ll have pain associated with that.

Question: What causes autoimmune flare-ups, and what can be done to prevent them?

Answer: We don’t know what causes flare-ups. We think this is a programmatic failure of
the immune system, meaning it's not controlling its reactivity; its recognizing the own
body and attacking it. There are certain triggers. Some people experience flare-ups with
infection or certain types of stress. The reasons for that aren’t clear. But if you aggravate
the immune system with stress or infection, then we think there’s an overexaggerated
response that can lead to autoimmune problems.

www.IGLiving.com ¢ Ronale Tucker Rhodes, Editor e« (800) 843-7477 x1362 3 | P a ge



http://www.igliving.com/

Sadly, at the moment, there is no known way to prevent these conditions from developing.
We think a lot of autoimmunity is genetically programmed, along with some
environmental insults over the years that may trigger things. But most of the treatments
are not preventive — they’re basically to treat the symptoms as they’re happening and to
stop the process from causing pain and disability and, ultimately, damage to the tissues.
It's unfortunately a very reactive way of going about things. That’s one reason to work
with your specialist to monitor for the development of these systems.

Question: Why isn’t fatigue listed as a common symptom of CVID?

Answer: [ would agree that fatigue is something we see in a lot of patients with CVID.

The reason I think it’s not listed as a primary symptom is that there are a lot of causes of
fatigue. Fatigue is a very nonspecific thing; there are literally hundreds of reasons why
people can feel tired. In this field, we’'ve been a little hesitant to blame the
immunodeficiency for everything. I think there are people whose fatigue is directly related
to CVID, but it’s a mistake to jump to that as the explanation. There is a long catalog of
things that should be looked at before we blame fatigue on CVID, including getting enough
sleep, eating well, having a working thyroid, having normal blood counts and no endocrine
problems. We also don’t talk about fatigue a lot as a symptom because nothing has been
proven effective to treat it. As such, it’s a very frustrating circumstance.

Question: At what stage is stem cell replacement for CVID?

Answer: Stem cell transplant currently means that you can take healthy cells and put
them into a body to regenerate the immune system. But this is a problem at the moment
for people with CVID because their existing immune system has to be wiped out with
chemotherapy drugs first in order to have a chance to engraft or live in the body with the
relatively normal T cell function we see in CVID. This is the real problem with
transplantation, and this is where all the risk lies; we haven'’t figured out how to make that
happen without endangering peoples’ lives. If you wipe out the immune system
completely, you're at major risk of dying from infections very quickly.

There was a paper published not too long ago reporting the experience at several big
research centers with stem cell transplant for CVID. I don’t know if the results were
encouraging or not. The data show that about half of the people who got the
transplantation died. So, there’s a 50-50 proposition of surviving stem cell transplant
currently with CVID based on that study. And those are heavy odds, so it’s not something
we are ready to prescribe just for anyone. The good news is that for the 50 percent who
lived, most were cured of the associated complications with CVID. These are people who
had severe autoimmune problems, severe granulomatous disease, gastrointestinal issues
— all the things we know can be really devastating with CVID. These were very sick
people — people who probably had a very short life expectancy if they didn’t undergo this
procedure.
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When people can live through the chemotherapy part of transplantation, they actually can
be cured of many of the terrible complications of CVID. On the flip side, only about one-
third of them got off their IG treatments, which tells us that we can repair some of the T
cells or other issues, but it's more difficult to replace the B cells sufficiently so people can
stop IG treatments. We need safer ways to get the stem cells to implant and do what
they’re supposed to, because 50 percent mortality is not something we’re going to
recommend to very many patients. It’s just too dangerous right now. But, there are newer
types of chemotherapy, and there are newer ways that we’re looking at this. We have to
continue to look at research studies and clinical trials to make it more viable.

Question: [s CVID linked to a specific genome, or does it vary from person to person?

Answer: We don’t know the specific genetic mutation in most people who have CVID. We
are able to identify a known genetic mutation that leads to this deficiency in only 5
percent to 10 percent of people. It’s highly variable from person to person. In the other 85
percent to 90 percent of people, we don’t know what the genetic problem is that’s causing
this deficiency.

This is another area in which there’s lot of research going on. There are some big groups
looking at exome sequencing where you can sequence the entire genetic code and you can
look at people with and without CVID and find the spots where there are big changes in
the genetic code. And that has started to yield some hot spots — areas where we think the
action might be in terms of causative mutations leading to CVID. But this is still very
complex and very slow going. The human genome is basically equivalent to taking
volumes of War and Peace (a huge 500-page book), piling those books until there is an
eight-story building, taking that paper from all those pages and putting it a paper
shredder, and then trying to piece it back together into sequence to find which word is
misspelled. That's how much data is in the human genome, so that’s the project we're
looking at when searching for a mutation that might cause CVID. The good news is that
technology is allowing this process to go faster and faster, but you still have to shatter the
DNA and put it back to together to figure out where the problem is.

Another complication is that CVID is probably not just one mutation in a lot of people. It’s
probably a sequence of different mutations in different areas that add up to a problem
making antibodies. So, the answer is: It’s highly variable, and while we’re making
progress, we still have a ways to go in identifying where the genetic breakdown is in any
given person. It’s still very important because once we have that information, we can
work toward gene therapy or gene editing that might allow us to repair the genetic code if
we can figure out where the problem lies. But it will be years yet before we feel
competent about being able to repair genetic defects.

www.IGLiving.com ¢ Ronale Tucker Rhodes, Editor e« (800) 843-7477 x1362 5 | P a ge



http://www.igliving.com/

Question: [s there a way to increase IgG levels through diet, exercise or drugs?

Answer: No. If so, it would be a lot easier than some of the treatments we currently have
to use. There is no scientific evidence that doing anything other than IG replacement
therapy does anything to improve IgG levels. The cellular factory that cranks out the
antibodies is broken, and you can'’t fix that by eating or exercising in a certain way. You
have to replace those proteins because the body is not capable of making them at the
levels it needs to.

Question: Am I negatively affecting my doctor’s ability to help me if I don’t tell him/her
every symptom [ have because I don’t want to be seen as a hypochondriac?

Answer: With PI or any complex medical condition, there are a lot of things that can and
will go wrong. I think it is important to let your physician and specialist know about the
symptoms you're experiencing. Withholding information can sometimes cause problems
because we don’t get the whole story and can’t get the big picture. That said, you are right
on point that these things happen to normal people, too. So, I do sometimes caution my
patients with PI that they’re allowed to have “normal” stuff like a cold and bronchitis, and
it may have nothing to do with PI because they’re normal people, and these things happen
to normal people. We can’t blame everything in the world on PI or autoimmunity. It’s not
that simple, and it’s a mistake to lump everything into that bucket. But, it’s still important
to report symptoms. And it’s important to find good doctors who you trust and know
they’re listening to you and using good judgment. That said, if there are a lot of different
symptoms, it is important to prioritize what you discuss with your doctor.

Question: Can a child outgrow an antibody deficiency?

Answer: This is an interesting issue in children who have been diagnosed with low
antibody levels, also known as hypogammaglobulinemia. There is something called
transient hypogammaglobulenimia of infancy or childhood. And, there has been a study
that has looked at this. Most small children who have low antibody levels when born will
outgrow it by 1 to 2 years old.

But, there is another group of children that has B cell memory problems, meaning their
antibody levels start out low, then improve over time (sometimes up to a decade, age 10
or so) but the function is a little sluggish. This means that if their receive a vaccine, they
may or may not respond to it very well, and if they do respond to it, it may wear off after a
while. These kids actually do gain their B cell memory slowly but over time, and that is a
good sign. And, these kids have a normal immune function by the time they’'re 10 or 12
years old, and they won’t need IG replacement therapy.
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Then, there’s a group of children whose antibody levels never increase or have good
function, even at 6, 8 or 10 years old, and those kids have CVID. Once you reach 8 or 10
years old and the IgG levels are low and the function isn’t good, meaning you don’t
respond to vaccines, that appears to be permanent. These kids will probably require 1G
replacement therapy for a lifetime. We don’t think that CVID, if it’s truly the diagnosis,
reverses itself.

Question: Is there a dramatic difference between CVID and selective IgG deficiency?

Answer: CVID is a very specific definition: typically low IgG levels along with low IgA
and/or low IgM levels. The textbook rule for CVID is to have low levels of two of the three,
and sometimes all three, and an insufficient response to vaccinations. There is a gray area
called IgG deficiency, where just the IgG is a little low but the other antibodies are OK. The
selective part of this refers to the specific antibody types being low. An example is
pneumococcal antibody titers being very low despite having normal levels of IgG, which
could be called a selective antibody deficiency. Or, sometimes people will call IgG subclass
deficiency a selective IgG deficiency because it’s just one or two of the subclasses that are
low. In practice, these are sometimes thrown around interchangeably although they
should not be. There are very specific criteria that are applied to these types of labels.

Question: Do other people get IV fluids when they receive IVIG through a peripheral line?
If so, how is it handled in a doctor’s office?

Answer: It is a relatively common practice to get IV fluids with IVIG or prior to IVIG. Not
everybody needs it. But it has been shown and is believed to prevent some of the
potential side effects of IVIG. Hydration is very important. Sometimes it can be done just
orally by drinking a lot of water. Other times, it's recommended that IV fluids be given,
which is particularly true for people over age 65 or those who have kidney problems or a
history of blood clots or other issues. IV fluids can be given just prior to the infusion. Some
doctors will give 500 ccs, and some will give a liter or less. Other times, they'll give the
fluid along with the IVIG to improve the hydration. This is thought to make the infusion
more tolerable, but it also reduces potential complications like kidney dysfunction or
thrombotic events. A lot of kidney problems were traced back to products with sucrose,
and only one product today contains sucrose.

Question: Can IVIG effectiveness for CIDP go down as time goes by?

Answer: [ am not a neurologist, and I don’t treat patients with CIDP. But, I say this to PI
patients: [ would never count on IVIG to improve energy levels. To hope that IVIG will give
you energy or reduce fatigue would disappoint most people. If it happens, you're lucky.
But, in my experience, it doesn’t happen for most people, and even if it does, it's not a
durable effect — it won't persist. Nowhere in the FDA approvals for IVIG has anyone
claimed or proven that IVIG helps with energy levels, and [ don’t prescribe it for such. It
has been proven to help with infections for PIs and to help with the neurological
symptoms of CIDP, but that’s the reason to use it.
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The side effects and efficacy of IVIG can vary over time, which is why it’s important to
follow up with your specialist to see if the dose needs to be adjusted or even if
treatment should be continued. If it's not working, then other treatments should be
considered. It’s a case-by-case basis, but it’s important to look at the dose and the
effect and to make adjustments over time.

Question: How is the correct dosage arrived at for IVIG?

Answer: The dosages have been determined in clinical, which the FDA requires to
show the therapy actually benefits people with their specific conditions. The dose is
not the same for PI as it is for neurologic indications, which is typically two to four
times higher because it’s serving a different purpose; it’s not to protect against
infection but to modify the immune response that is causing the neurological problem.

The rough doses determined in clinical trials are 500 mg/kg for Pl and 2 g/kg or so for
neurology. Doctors may vary from these dosages a little bit depending on the case, and
they have the right and ability to do that, but we stick pretty closely to them because
that's what’s been proven in big scientific studies.
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