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The pathologist called me 3 weeks later and was at a loss for words. “I've never seen
anything like this before. The H&E stain was completely textbook normal, but the
immunohistochemistry stain was completely abnormal.”

These were the biopsies. [Slides 13 and 14] This was the routine staining with H&E, and
these results are normal. This is what normal duodenal mucosa is supposed to look like
on H&E staining. [Slide 15]. And this was the abnormal staining. Many of the cells that
had been thought by the pathologist to be lymphocytes actually were mast cells instead.
This is the CD117 stain. [Slide 16] And this is the CD25 stain.

Dr. Trinkaus: Sorry, a very quick question. The H&E stain, if he’d done Giemsa or
other mast cell stains, would that have been positive?

Dr. Afrin: Possibly.

Dr. Trinkaus: Possibly?
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Dr. Afrin: What | have found in my experience in the last 3 years is that if you’ve got to
pick one stain, the CD117 is the probably the best stain to go with. | prefer to do a
battery of stains if possible, but it's not always possible.
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[Slide 17: Polycythemia.]

Polycythemia

MCAS was diagnosed.

Imatinib was begun
* 100 mg/d x 1 week, then
* 200 mg/d
The first week: tolerated fine, but no response

And then, on waking the morning after the fourth
dose of 200 mg...........

AfiinIB. Polycythemia from Mast Cell Activation Syndrome! Lessons Learned. Am ] Med Sci 2on July, in press,

| called the patient back into the office and told her, “I think we have identified the root of
your problem as mast cell disease, but the form of mast cell disease that appears to be
in you doesn’t match any diagnostic criteria we've got. | don’t know what to call this
diagnostically, and from a treatment perspective, there are no guidelines available,
either.” We talked about a lot of options, and in my naiveté at the time | decided to
recommend a trial of Gleevec (imatinib) as her first-line therapy.

Dr. Sibbald: | want you to tell them what Gleevec is.

Dr. Afrin: Gleevec is a tyrosine kinase inhibitor, but we’re going to get into these
biologic details shortly, so I'd like to defer that for now.

So | started her at the lowest available dose and instructed her to double it after a week
if she were tolerating it OK but hadn’t noticed any improvement.
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[Slide 18: Polycythemia.]

Polycythemia

1, Improvement has been
f@% sustained 31 months
\ >/ now.

All labs (including
lipids) have normalized.

She has resumed
exercising and working.

AfiinIB. Polycythemia from Mast Cell Activation Syndrome! Lessons Learned. Am ] Med Sci 2on July, in press,

She returned a month later. When | walked in the exam room, the difference was stark.
She was beaming, a big smile on her face; she was radiating energy. | asked, “What
happened?” She said, “The first week, nothing happened. So then | doubled the dose,
as you said.” She woke on the morning of the 5™ day of the doubled dose, and she was
acutely aware upon waking that morning — she hadn’t even gotten out of bed, she had
just opened her eyes — that all of her symptoms were gone.

She’s been running around ever since, just as energetically as she had been before she
started getting sick. She has put her business back together, she’s back to exercising,
she has her old life back. She forgot her dose once about 3 months into this. She got
punished for that about 18 hours later when her malaise came back in force. So she
quickly took the dose she had missed, and about 12 hours later things settled back
down. She has had an occasional incident since then of a mild relapse of malaise. She
has learned to just pop an extra Gleevec when that happens and the extra dose reliably,
quickly, completely quells the spell. Now, it's important to understand that what I'm
describing to you is, as I've learned since this serendipitous first encounter with MCAS,
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an atypical response to Gleevec. | will show you other nice responses to Gleevec, but
this one is atypical with respect to how complete the response was.
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[Slide 19: Pure Red Cell Aplasia.]

Pure Red Cell Aplasia

In 2004 a 53 year old white female presented with
worsening fatigue.

Initial work-up found severe normocytic anemia.

Further work-up by an academic hematologist found
idiopathic pure red cell aplasia, confirmed over time by
anotheracademic hematologist and three community
hematologists.

No response to various immunosuppressive therapies
and immune globulin.

Transfused 3 units PRBCs q 2-3 wks to maintain Hgb 6-7

AfiinIB. Purered cell aplasia masquerading as mast cell activation disorder. Int | Hemartol 2010 June.

Now, on to virtually a polar opposite case in terms of presentation. This is the 3" patient
| diagnosed with MCAS. In 2004 a 53 year old white female presented with worsening
fatigue. She was found to have severe anemia, and she was certified by multiple
academic and community hematologists as having a pretty rare disease called pure red
cell aplasia (PRCA), and furthermore this was a form of PRCA which was not due to
parvovirus B19. She had had no response to all the standard therapies for PRCA. She
became heavily transfusion dependent.
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[Slide 20: Pure Red Cell Aplasia.]

Pure Red Cell Aplasia

In 2008 she was referred by her local hematologist for
another hematologic opinion.

Review of systems was extensively positive. A search for
a unifying diagnosis was pursued.

Urinary prostaglandin D, was extremely elevated (1,800
ng/24h, normal 100-280).

H, & H, blockers immediately resulted in Hgb 8 g/dl
and elimination of transfusion requirement.

Imatinib 200 mg/d resulted in Hgb 13 g/dl in 6 weeks.
Constitutional symptoms only minimally improved.

AfiinIB. Purered cell aplasia masquerading as mast cell activation disorder. Int | Hemartol 2010 June.

Somehow she got referred to me in 2008 for another opinion. And again, a careful
history quickly revealed there was no way this could be PRCA because she had a large
number of symptoms which could not be explained by PRCA or any of her other known
conditions. So it again became a quest for what she could have that had decimated her
red cell production and caused all of her other problems. From what I'd been reading
about what mast cells are capable of doing, | began to wonder whether it might be
possible for one patient to have one variant of mast cell disease that releases mediators
which suppress red cell production while another patient has another variant that
releases mediators which increase red cell production.

So | did some testing which revealed her to have a very high PGD;, level which still today
is the highest PGD;, level I've ever seen. | had learned more about treatment by that
point, so | did not immediately start her on Gleevec. | started her on antihistamines and
immediately eliminated her transfusion requirement, but her hemoglobin persisted
around 8 g/dl. | then added low-dose Gleevec, and she had complete normalization of
her hemoglobin within 6 weeks. This is actually the first of my MCAS cases that |
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published, appearing in the International Journal of Hematology last summer (2010).
Unfortunately, her constitutional symptoms have only been minimally improved. It's clear
that Gleevec is not controlling the entirety of the disease, and we continue to search for
other means of treatment for her symptoms.
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[Slide 21: Opposite presentations, but...]

Opposite presentations, but...

* ..same root disease?
* How is this possible?
* And, could (many!) other presentations be possible?

So, opposite presentations (polycythemia and PRCA), but seemingly the same root
disease. How is this possible, and is it possible that many other presentations could be
out there?
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[Slide 22: Mastocytosis: A Brief History.]

I\/Iastocytosm A Brief H |story
* 1869: Urticaria pigmentosa (UP) first described
* 1877: First description of the mastzelle -
* 1887: UP linked with mastzelles ‘ v % '..s I
* 1933: Suggestion of linkage with internal dz T
* 1939: MC heparin identified &
* 1949: Definitive linkage with systemic dz b *® .’0
* 1953: MC histamine identified & %: “®
* 1987: MC tryptase identified @ ..
* 1988: Travis classification b.
* 1995: KIT activating mutation D816V identif e

* 1998: Unique flow cytometric signature found
¢ CDn7y+ (CD25and/orCD2)

* 'gos: Initial descriptions of MCAS

* 2001: WHO classification and imatinib

Let’s digress for a moment to the history of mastocytosis.

This is a disease of mast cells that we’ve known about for the last 140 years. Urticaria
pigmentosa was first described in the late 1860’s and was linked with the mast cell — a
“‘well-fed” heavily granulated metachromatic cell — described by Paul Ehrlich in the late
1870’s. Fifty years later the cell was linked to internal, systemic disease. Then we
started finding the mediators that mast cells release — heparin, histamine, tryptase. The
first classification of mast cell disease was produced in the late 1980’s, shortly followed
by identification of the mutation(KIT-D816V) which has now been found in more than
90% of cases of systemic mastocytosis. Just a few years later, Dr. Escribano and
colleagues in Spain identified a unique flow cytometric signature — CD117 co-expressed
with CD25 or CD2 — that seems to be pathognomonic for mast cell disease. It was
actually in the early 1990’s in an article by Jack Roberts and John Oates in the Journal
of Investigative Dermatology where you see the first suggestion of what has come to be
called mast cell activation syndrome (MCAS). I’'m obviously paraphrasing here, but
what they basically said was, “We know there are patients who behave like they have
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mast cell disease, and we can find elevation in some mediators in some of these
patients, but in other patients we can’t find any elevated mediators. Also, we often have
a hard time finding the aberrant mast cells themselves (above and beyond finding the
abnormal mediator levels). In summary, we think there is a disease here, but we just
can’t yet characterize it better”.

Then in 2001 the first World Health Organization classification of Systemic Mast Cell
Diseases was released. That’s also the year when Gleevec became available, and we
soon learned that the dominant mutation in systemic mastocytosis — the KIT-D816V
mutation — by and large is resistant to Gleevec. To be sure, there indeed are some
patients with KIT-D816V who respond to Gleevec, and we don’t have reasons for that at
the moment. But, by and large, imatinib is not going to work for patients with systemic
mastocytosis. (However, I’'m going to show you some information in a second that there
is a whole lot more to mast cell disease than systemic mastocytosis.)

Dr. Sibbald: Just out of curiosity, around the room, the other physicians, what have you
experienced in terms of mast cell disease? In terms of the spectrum that you've seen? |
have a tremendous number of these patients, and | would say that by and large the
ones that | see are mostly cutaneous, with some systemic symptoms. There seems to
be a big overlap with the physical urticarias manifesting dermatographic and cholinergic
responses to heat, exercise, and emotion, and lots of histamine-releasing drugs appear
to act as triggers. We don’t see too many with the systemic disease, but I’'m curious
about your perspective.

Dr. Trinkaus: A lot of these patients come to us because they have very severe
anaphylaxis and constitutional symptoms including overwhelming fatigue, stomach
upset, and nausea. So our practice is just exactly what you’ve been doing except for the
urine PGD; test. | don’t think we have access to that at our hospital, and that’s
something | plan to look into because in one in seven of the patients we test for mast
cell disease, all the tests are negative and this poor patient is just sitting there in
diagnostic limbo. Some of them plead for me to “just do something for them,” and it’s
just so overwhelmingly impossible to deal with. And they’re on everything. We have had
one mast cell leukemia and that person also had the KIT-D816V mutation. We tried
Gleevec, but unfortunately he passed away. | probably see one or two mast cell disease
patients a month. | only started about 2 years ago, but | see about 3 patients that have
legitimate systemic mastocytosis, including one in whom it just spontaneously resolved.

Dr. Sibbald: My patients, too, usually have normal tryptase levels.
Dr. Trinkaus: Yes, lots of ours have normal tryptase.

Dr. Afrin: We'll get to more discussion on that aspect in a moment.

Page 33 of 153



Mastocytosis Society Canada Medical Lecture - June 6, 2011
Contact: info@mastocytosis.ca or afrinl@musc.edu
Systemic Mast Cell Disease: An Update - L. Afrin, M.D., Medical University of South Carolina

Dr. Monthropey: I'm sort of new as a dermatologist, so my first mastocytosis patient
was today. Atleast, I'm pretty sure it's mastocytosis. | sent her for a serum tryptase,
and I’'m not sure how that’s going to come back. I'm wondering if | should have tried to
send her for a urinary PGD; because | think | think Sunnybrook Hospital may actually be
able to do that test (but I’'m not sure).

Dr. Sibbald: It's not very easy to get the PGD; urine test. We can’t get them.
Marsha?? | don’t think I've been able to get any of those.

Dr. Trinkaus: Neither can|.

Dr. Sibbald: You know, the prostaglandins are so short-lived and require carefully
controlled conditions for harvesting and processing. Marsha, your experience in
endocrinology?

Dr. Werb: Well, actually they come usually looking for a pheochromocytoma or
carcinoid, and they come in with very variable symptoms. I'm more used to thinking
about glucagonomas when | see the kind of migratory erythematous rash often seen in
mast cell disease. But my one or two cases that I'm involved with, as soon as they’ve
been discovered to have mast cell disease, they leave me because they don’t have an
endocrine disorder, so how they get treated is very interesting to me, especially about
Gleevec. You said the KIT-D816V mutation (predicting for resistance to Gleevec) is
absent in 10% of these patients?

Dr. Afrin: Yes, but that’'s 10% just in systemic mastocytosis, and I'll be speaking more
later about mast cell activation syndrome, which is the far more prevalent problem.

Shelley: I'm also interested in this because | have had, and continue to have,
endocrine problems, and | also have mastocytosis.

Dr. Werb: Thyroid disease, for example, is so common that 20% of women by the time
they’re 50 will have something wrong with their thyroid, although it may not need to be
treated. So many people with urticaria also have autoimmune thyroid disease. It's not
surprising that we resort to assigning the patient the obvious diagnosis even if that
usually doesn’t explain all the symptoms.

Dr. Monthropey: | was just going to say that during my residency at Sick Kids Hospital,
| saw tiny lesions with mastocytosis, but all these were in little kids in whom we never
really did systemic workups on them because we were taught that it's usually cutaneous
and it tends to stay cutaneous. Is that true?

Dr. Afrin: Cutaneous mastocytosis typically behaves the way you’ve been taught that

cutaneous mastocytosis behaves, including tending to present in childhood rather than
adulthood, tending to not evolve into systemic mastocytosis, and not uncommonly
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spontaneously resolving in adolescence. Systemic mastocytosis — if it's properly
diagnosed according to the WHO criteria — behaves the way you’ve been taught
systemic mastocytosis behaves, but cutaneous and systemic mastocytosis are only a
tiny portion of the big picture of mast cell disease, as you'll see better as we keep going
through this.
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[Slide 23: Normal mast cell biology.]

Normal mast cell biology
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The mast cell is a very primitive cell that differentiates from a common white cell
progenitor very early. These are long lived cells that are hard to Kkill.
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[Slide 24: Normal mast cell biology.]

Normal mast cell biology

Hematopoietic origin, brief circulation
e c-kit+/CD34+/FceRI-/FcyRII+
* Normally 0.05% of marrow nucleated cells

» Typically < 2% even in systemic mastocytosis

Maturation completed in wide distribution of tissues

» Especially abundant beneath environmentally exposed
mucosal/epithelial surfaces and adjacent to blood and
lymphatic vessels, permitting sentinel function

e c-kit+/CD34-/FceRI+/FcyRII-
Relativelyimmobile once localized in peripheral tissue

Kalesnikoff], Galli §]. New developments in mast cell biology. Nature Immunology 2008;9:1215-1223.

Mast cells are of hematopoietic stem cell origin. They circulate only briefly. They
comprise a very small proportion of the marrow cells. They rapidly leave the circulation
and enter the peripheral tissues. They are present in every peripheral tissue in the body,
where they are relatively immobile and tend to live as long as the patient lives. They are
especially abundant at the environmental interfaces, and this is what allows them to
perform their evolutionarily critical function as a sentinel. We now believe these may
have been some of our first lines of defense to evolve against the toxins in our
environment.
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[Slide 25: Normal mast cell biology.]

Normal mast cell biology

Unique flow signature

e CDu7+ (bright), CD34-, FceRI+, CD45+, CD38-, CD138-,
CD33+, CD13+/-, CD15-, CD16-, CD1ic+, CDub+/-, CD71+,
CD25-,and CD2-

e Also usually CD35+, CD68+

« Consider mastocytosis in CD68+ histiocytic/macrophage dz’s

Escribano L Diaz-Agustin B, Lopez A, et al. hnmmmophenotypic Analysis of Mast Cells in Mastocytosis: When and How to Do It. Proposals of the
Spanish Network on Mastocytosis (REMA). Cytometry Part B (Clin Cytometry) 2004, 58B11-8.

Mast cells, both normal and abnormal, have a unique flow cytometric signature. These
cells are brighter with their cell surface expression of CD117 by an order of magnitude
than other cell in the human body. Under normal circumstances, they are always
negative for CD25 and CD2. In the abnormal state, they sometimes can co-express
CD25 and/or CD2 along with CD117, so if you're going to do a bone marrow biopsy on a
patient in whom you clinically suspect mast cell disease, you must send the aspirate for
flow cytometry specifically for dual expression of both CD117 and CD25 or CD117 and
CD2 and triple expression of CD117, CD25, and CD2.

These cells sometimes are CD68-positive as well. Many pathologists think more about
macrophage or histiocyte disease when they see this signature and may not be aware
that mast cells can also mark CD68-positive. If you find a patient to have a diagnosis
that has been labeled as a histiocytic or macrophage disease, but it's behaving more
like a mast cell disease, you may need to go back to that pathology and run the
additional testing looking to see if what had been described as macrophages or
histiocytes might actually be mast cells.
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[Slide 26: Normal mast cell biology.]

Normal mast-cell'biology —
* Many triggers

e Classic: Adjacent high-affinity IgE receptors (FceRI) with
bound IgE get crosslinked by polyvalent antigen

e Physical stimuli: Pressure/trauma, heat, cold, etc.

* Many other receptors for: SCF, IgG, C3a, C5a, PAF,
neuropeptides (VIP, substance P, somatostatin, etc.),
opioids, paralytics, benzodiazepines, cannabinoids, etc.

* Also many of the Toll-like receptors (affinities for various
microbial proteins)

Theoharides TC et al. Novel therapeutic targets for autism. Trends Pharmacol Sci 2008,20:375-382.

Conrad DH et al Buuhng}nmmetel of theinteraction between rat IgE and rat mast cell receptors. | Immunol 19751141688,

Woolhiser MR et al. IgG-dependent activation of human mast cells followingup-regulation of channnaR.I by IFN-gamma. Eur [ Immunol 2001313208.
C et al. c-kit ligand: aunique potentiator of mediator release by human hmgmast cells. | Exp Med 10021175:237.

[. Czaand Csa are chemotaxins for human mast cells and act through distinct receptors via a pertussis toxin-sensitive signal transluction

pathway. nol 1006,157:1603.

MarshallJS et al. Toll-likereceptor-mediated activation of mast cells: implications for allergic disease? Int Arch Allergy Immunol 2003;132:87.
Chuch MK et al. Newropeptide-induced secretion from human skin mast cells. Int Arch Allergy Ap 10! 100194310,

Stellato C et al. Heterogeneity of human mast cells and basophils in response to muscle relaxants. Ane ology 199174:1078.

Moss] et al. Histamine release by narcotics and muscle relaxants in humans. Anesthesiology 1083;50:330.

Miller LG et al. High affinity benzodiazepine receptors on rat peritoneal mast cells and RBL-1 cells: binding characteristics and effects on granule secretion.
Pharmacology 1088;36:52-60.

Samson M-T et al. Differential Roles of CBrand CB2 Cannabinoid Receptors in Mast Cells. | hmmmol 2003170:4953-4962.

KajiwaraN et al. Activation of human mast cells through the platelet-activating factor receptor. J Allergy Clin Immunol 2010,125:137.

Mast cells have many triggers, but the classic route to activating a mast cell is mediated
through IgE. (I apologize to the non-physicians in the audience that | don’t have the time
to go into all the details of what that means.) There are many physical stimuli, too, for
these cells, such as those listed here, even certain wavelengths of radiation (such as
ultraviolet) and electrical stimuli. With virtually every passing month, | am seeing, or
hearing about, patients with ever odder physical stimuli for their disease. There are
many cell surface receptors beyond just the IgE receptors. Stem cell factor is the ligand
for the KIT protein. KIT is the key regulatory gene and protein for the mast cell. We'll
get more into that in just a second.

As indicated on this slide, there are lots of other mast cell surface receptors, too, some
of which are stimulatory and some of which are inhibitory, all very appropriate given the
sentinel function of these cells. These cells have many receptors for different microbial
proteins, too.
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[Slide 27: Normal mast cell biology.]

e —— —

Normal mast cell biology

Capable of synthesizing and releasing 200+ mediators
* Many expressed at very high levels
e Stored in fully active form in electron-dense secretory
granules, tightly packaged with serglycin proteoglycans
e A small sample:

e Pro-inflammatory cytokines
IL-1e IL-P, IL-2 II_  IL-5 IL-6 IL-7 IL-g, IL-10, IL-
_lL_NI%.l 171L10 18 IL-21 I3 3, IL-25, IFN-y,
o

Heparin proteoglycan
Chondroitin sulfate proteoglycan
Superoxide dismutase

¢ Chemokines Acid hydrolases
MCP- Lll 8, RANTE> eotaxin, leukonlele' BACE ST 3 :
), CCLs, CCL3, CCLy, CCL3, CClh, «  Glucuronidase, galactosidase, hexosaminidase,
(.tLlO (_(.I_O CCL2, (.\(_].S CXChLo, \QL 1 peroxidase
* Proteases o Arylsulphatase A
Tryptase, chymase, ACE, carboxypeptidase, cathepsin e Prostaglandin D, E., F.., thromboxane
G, cystemyl cathepsins, memllol:notana es 22 ST
. G10\\ th factors 2 Ser‘#"}““ :
GM-CSE, bFGF, VEGF, TGF-p, PDGF, EGF, NGF, e Antimicobial agents

btf anglopoietin «  IFN-g IFN-§, IFN-y, cathelicidin, LL-37

e Vascularpermeability, vasodilatation e« CRH
Histamine, 5-hydroxytryptamine, tryptase, NO, VLA4 TSLP
> : .
¢ Platelet agsregation and thrombosis: = =
PAF, thromboxane e Want more? See

Theoharides TCer 2 Dl&'ﬂlauml lﬂlﬂa_@ of mast (cﬁll mediators and the
pathoveue*bofmﬂanmnnou 1wnological Reviews 2007:217(1):65-78.

These cells are capable of synthesizing and releasing more than two hundred different
mediators and receptors, many of which are expressed at very high levels. | know some
of the information on this slide is too small to read, but the point of such an extensive
listing is not for you to come to know each mediator in detail but rather to appreciate
how extensive the mediator list actually is. This list that you see here is very similar to
most every mast cell mediator list you will find in textbooks, on the Internet, etc. This list
here is a relatively short list, and even this list doesn’t begin to give you a full sense of
what these cells are capable of doing. | refer interested colleagues and interested
patients to a website called “COPE With Cytokines”, built and maintained by German
biologist Horst Ibelgaufts. Even the COPE list is not a complete list of all known mast
cell mediators and receptors, but | refer people interested in this topic to the COPE list
because it nevertheless is the “most complete” list | have yet found in one place. Again, |
know it's not a complete list, but if you want to go to just one place to get the best
visceral impact as to the full scope of what these cells are capable of doing, this is the
site to go to, and when you navigate through this site to get to the entry for “mast cells,”
you’ll see a very, very long list of mediators and receptors these cells can express.
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[Slide 28: Normal mast cell biology.]

e

Normal mast celﬂlbiology

* Functions (when appropriately stimulated):
e Synthesize active substances
« Highly heterogeneous mediator content
» Release contents of preformed granules via exocytosis

* Phagocytose particulate material including bacteria,
erythrocytes, schistosomes, metals, etc.

* KIT stem cell factor receptor and tyrosine kinase (on 4qui-
12) is expressed at high levels on the mastocyte surface

e Critical for many mastocyte functions including survival,
differentiation, chemotaxis, and activation

Akin C, Metcalfe DD. The biology of Kit in disease and the application of pharmacogenetics. | Allergy Clin Immun
Gordon JR et al. Mast cells as a sowrce of multifinctional cytokines. Immunol Today 10001458,
Bradding P et al. Heterogeneity of human mast cells based on cytokine content. JImmunol 1905, 155:207.

ol 2004 413-19.

The mast cell functions to synthesize active substances and to release those
substances when stimulated. KIT is the receptor for stem cell factor. KIT is a tyrosine
kinase that’s expressed in very high levels on the mast cell surface, and it is critical for
many mast cell functions including survival and activation.

Page 41 of 153



Mastocytosis Society Canada Medical Lecture - June 6, 2011
Contact: info@mastocytosis.ca or afrinl@musc.edu
Systemic Mast Cell Disease: An Update - L. Afrin, M.D., Medical University of South Carolina

[Slide 29: Normal mast cell biology.]
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Fig. 2. Kit signaling pathways in mast cells. This figure summarizes signaling proteins activated by Kit. Kawakami T.
Filled boxes of Kit indicate split kinase domains. Abbreviations: APS, adaptor containing PH and SH2 D.e&'elo.plnelt.
domains; Grb, growth factor receptor-bound protein; JAK, Janus kinase; JNK, c-Jun NH2-terminal kinase; migration, and
MEK., mitogen-activated protein Kinase kinase: ERK, extracellular regulated protein kinase: MITF, microph- survival of mast cells.
thalmia transcription factor; PI3K, phosphatidylinositol 3-kinase: PLCy, phospholipase Cy: SCF, stem cell Immnologic
factor; SFK, Src family kinases; She, SH2-containing transforming protein C1; SHP, SH2 domain-contain- Research
ing phosphatase: Stat, signal transducers and activators of transcription. 2006;34(2):97-15.

This is the obligatory molecular pathway diagram in any hematology/oncology
presentation. At the top of the diagram, stem cell factor is binding with a homodimer of
KIT. This is the normal pathway. Once KIT is activated, that in turn activates multiple
downstream pathways, including the JAK-STAT pathway which leads to the production
of various mediators which lead to production of many of the constitutional and other
symptoms and findings in this disease. JAK-STAT also factors into cell survival and
proliferation as well. It also activates the multiple pathways. The point of this slide is that
once KIT is activated, there are multiple downstream pathways that get activated.

David Girvin: Before you switch slides, on the plethora of triggers that you had, if
you’re adding triggers to that slide, would it just be an arrow to KIT?

Dr. Afrin: No, because there are plenty of routes for activating mast cells that don’t
necessarily go through KIT.

David Girvin: Thanks.
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Dr. Afrin: But what'’s significant....well....hang on just another couple of slides and
you’ll see something very interesting, where this biology will really come into play.
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[Slide 31: Classification of mastocytosis.]

Classification of mastocytosis
* WHO 'o1

¢ Cutaneous (usually diagnosed in childhood, 0.01% prevalence)
» Maculopapularor UP
« Typical UP, plaque form, nodular form, TMEP
» Diffuse (occasionally bullous)
+ Solitary mastocytomaof skin
* Systemic (usually diagnosed in middle age, 0.001% prevalence)
+ Indolent (smolderingvs. isolated marrow)
+ withassociated clonal hematologic non-MC lineage disorder (AHNMD)
- Myelodysplastic, myeloproliferative, or lymphoproliferative
o Aggressive
« May feature hepatic fibrosis, portal hypertension, malabsorption, or cytopenias
» Mastcell leukemia
* Solid mast cell tumors
+ Mastcell sarcoma
* Extracutaneous mastocytoma

Valent P, Horny HP, Escribano L et al. Diagnostic criteria and classification of mastocytosis: A consensus proposal. Leuk Res 200125:603-625.

The classification back in 2001 that WHO came up with basically lists 3 forms of
mastocytosis — the cutaneous form, which is a rare disease usually diagnosed in
childhood; the systemic form, which is an even rarer disease usually diagnosed in
middle age, and then the extraordinarily rare solid mast cell tumours (which, curiously,
actually are seen not infrequently in dogs and cats).
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[Slide 32: Criteria for systemic mastocytosis.]

Criteria for systemic mastocytosis

b . .
WHO '08: Indolent SM, SM-AHNMD, aggressive SM, MC leukemia
® 1major + 1 minor, or 3+ minor criteria

 Only major criterion: “Multifocal, dense aggregates of mast cells (15
or more) in sections of bone marrow and confumed by tryptase
immunohistochemistry or other special stains”

® 4 minor criteria:

« Morethan 25% of the marrow biopsy or aspirate mast cells are immature
oratypical

« Mast cells co-express CDu7 with CD25 and/or CD2

« Mutated c-kit (different mutations — different phenotypes)
D816V: MC clusters, spindle forms, expression of CDz2s5, histamine, CPA, etc.
Extracellulardomain: AKT activation

« Serum tryptase (25% of MC protein!) persistently > 20 ng/ml

Homy HP, Metcalfe DD, Bennete [I er ol Mastocytosis. In: Swerdlow SH, Campo E, Hamis L, et al, eds. WHO Classificario mors of Hemaropoietic
[u(emanoual Agency for Research and Ca.ucet: 2008:54-6:

IMeral Uniqueeffaces of KIT D85V in BaF3 cells: induction ofcluster formation, histamine synchesis, and early masecell \hﬁwlﬂn ati
Ifastcells rom different molecular and pro gnostic subtypes of systemic mastocytosis display distincr mm\unophenor"pﬂ'
Pediatric mastocytosis-associated KIT extracellular domain mutations exhibit different functional and signaling properties compared
2010 Auam n6(7)my-n23.
Alvarez-Twosel er ol Clinical, biological, and molecular characteristics of clonal mast cell disorders pxﬂsﬁunnv i

vith systemic mase cell activation symptoms. [Alle
Schwartz Quantitation of histamine, try prase, and chymase in dispersad human T and TCmase cells. 11087:138(8):26n-2605.

id Tissues (4th ed ). Lyon, France:

2008130:5466-5476.

press.
th KIT phosphotransferase domain mutations. 3lood

ol 2010; in press.

This was updated in 2008. I'm just going to focus on systemic mastocytosis on this
slide. First, we have the form of indolent systemic mastocytosis, which is the vast
majority of patients with SM. Second, we have the form in which there is a hematologic
non-mast cell lineage disorder (which basically means a blood cancer of some sort, like
lymphoma or leukemia) associated with the mast cell disease. It is far more often the
case that we recognize the lymphoma or leukemia and don’t see the underlying mast
cell disease unless it happens to be picked up serendipitously in a bone marrow biopsy.
Third, aggressive systemic mastocytosis is the form of the disease in which the cells
have actually infiltrated into a given organ (for example, the liver) and are causing
significant organ dysfunction. And finally, we have the extremely rare — and, for all
intents and purposes, universally rapidly fatal — mast cell leukemia.

Now here is where we get into the biggest problem with the WHO criteria. The WHO
critieria say that to get diagnosed with systemic mastocytosis, either you must have one
major criterion and at least one minor criterion or you must have 3 or more minor
criteria. There’s only one maijor criteria: you must have multi-focal aggregates of mast
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cells in the bone marrow. Not in the gut, not in the skin...and you can’t just have diffuse
low level infiltration of mast cells in the marrow. There have to be aggregates of 15
mast cells or more. | don’t envy the pathologist’s having to count these cells in a
microscopic field of view. The minor criteria are also listed here: serum tryptase has to
be roughly double the upper limit of normal on a persistent basis, or more than 25% of
the marrow mast cells have to be atypical, or the pathognomonic flow cytometric
signature has to be present, or a KIT mutation has to be proven present, but we have
very few KlTmutations for which we can commercially test at present.
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[Slide 33: The problem.]

So this is the problem: What do you do when it is clinically behaving like systemic
mastocytosis, but it doesn’t meet the criteria for systemic mastocytosis? For decades
now, patients in such a state were denied a diagnosis of not just systemic mastocytosis
but mast cell disease in general and often were then discharged by the consultants to
whom they were sent for evaluation for mast cell disease. “Sorry, you don’t fit the
criteria, |1 don’t know what to call you, | don’t know what to do with you, and | don’t think |
can treat you since | can’t make a diagnosis since you don't fit the criteria. I'm sorry.”
But now we do have something we can do for these people. We first of all have a label
that we can give them — Mast Cell Activation Syndrome — first suggested back in 1991,
as | previously said.
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[Slide 34: MCAS: Emerging understanding.]

Ay /

MCAS: Emerging Understanding

* First suggested in ‘91 (Roberts & Oates)

* Emerging consensus definition
» History consistent with aberrant mast cell mediator release
 Evidence of aberrant mast cell mediator release
 + Evidence of abnormal mast cells
* Not SM and no better-fitting disease
» At least partial response to mast cell-targeted therapy

* Terms : :

Systemic mastocytosis

» Mast cell activation disorder/dz Mastcell activation syndrome
* Mast cell activation syndrome
e Systemic monoclonal mast cell activation syndrome

Monoclonal MCAS

Roberts IJ, Oates JA. Biochemical Diagnosis of Systemic Mast Cell Disorders. [Invest Derm 1991 Mar; 06:195-25S.

Valent P et al. Standards and standardization in mastocytosis: consensus statements on diagnostics, treatment recommendations and response criteria. Eur ] Clin
Invest 2007,37:435-453
Homann | et al. Systemic mastocytosis: state of an internal disease. Medizinis nik 2010105(8):544-553.

Akin C et al. Mast cell activation syndrome: proposed diagnostic criteria. [ Allergy Clin Immunol 2010; 126:1009-104.€4.

There are multiple competing proposals out there in the literature right now for how to
define this. There is not a global consensus definition (for MCAS) out there like there is
with the WHO definition for systemic mastocytosis. From reading the different papers on
this subject in the literature, though, the emerging consensus for diagnosing MCAS
appears to be that you have to (1) have a history that’s consistent with the disease (i.e.,
consistent with symptoms and findings expected from persistent or repeated elevations
in mast cell mediator levels), (2) have actual laboratory evidence of aberrant mast cell
mediator release, (3) not have systemic mastocytosis, (4) not have evidence of other
disease that better explains the full range of findings in the patient, and (5) have at least
partial response to mast cell target therapy. This last criterion is the controversial one.

Do you have to actually find the abnormal cells? Some earlier proposals said “Yes,” but
more recent proposals (such as the one by Dr. Cem Akin and colleagues published in
the Journal of Allergy and Clinical Immunology in December 2010) say “No” because it's
just plain hard to find abnormal mast cells in MCAS and it's generally not “worth it” to
find the abnormal mast cells. This disease has been ascribed many different terms by
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this point, including mast cell activation disorder or disease, mast cell activation
syndrome, and systemic non-clonal mast cell activation syndrome (most recently).
(“Non-clonal” may be a misnomer, though, as it only implies that the KIT mutations
established in systemic mastocytosis are not present. Whole KIT sequencing, currently
not routinely commercially available, is beginning to find frequent mutations in other
aspects of KIT.) What has come to pass is that “mast cell activation disorder” or “mast
cell activation disease” has come to be the umbrella term encompassing all mast cell
diseases.
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[Slide 35: MCAS: Emerging biology.]

— B

MCAS: Emerging Biology

Tryptase usually normal...

e Correlates more with disease burden than activity
...but intermittent or sustained elevations of other
mediators almost always present

e Histamine

» Prostaglandin D,: one of the most sensitive and specific
markers of mast cell activation

e Might heparin be as good as PGD,?
» Other candidates: chymase, carboxypeptidase A (CPA)

Roberts 1], Oates JA. Biochemical Diagnosis of Systemic Mast Cell Disorders. [Invest Derm 1991 Mar; 96:195-25S.

Brannan |D et al. Inhibition of mast cell PGD. release protects against mannitol-induced airway narrowing, Eur Respir [ 2006, 27:044-950.

Bochenek G et al. Plasma 9aub-PGF., a PGD. metabolite, as a sensitive marker of mast cell activation by allergen in bronchial asthma. Thorax 2004:50:450-464.
Dahleén S-E, Kumlin M. Mast cell activation: Monitoringmast cell activation by prostaglandin D2 in vive. aX 2004/59:453-455

Lewis RA et al. Prostaglandin D2 generation after activation of rat and human mast cells with anti-IgE. | 082; 120(4):1627-1631L

Lixin L et al. RasGRP4 Regulates the Expression of Prostaglandin D. in Human and Rat Mast Cell Lines. ] 2003 Feb 14; 278(7):4725-4720.

ZhouX et al. Mast cell carboxypeptidase as a new clinical marker for anaphylaxis. [Allergy Clin Immunol 2006; n7:S85.

Pejler G et al. Mast cell proteases: multifaceted regulators of inflammatory disease. Blood 2010 Jun 17; 15(24):4081-4990.

The serum tryptase level is usually normal in MCAS. The level of serum tryptase is now
thought by most workers in this field to reflect the total body load of mast cells in most
cases of mast cell disease, not the activation state of the mast cell. Thus, since in
systemic mastocytosis there is a frank proliferation of mast cells, this is why the serum
tryptase level is elevated in more than 80% of cases of systemic mastocytosis. But in
MCAS we usually don’t see great proliferation, and so the tryptase is typically normal or,
in a minority of cases, quite mildly elevated, nowhere close to the cutoff required by the
WHO. So tryptase is usually normal in MCAS, but intermittent or sustained elevations in
other mediators are almost always present — histamines, PGD», even heparin. Dr.
Gerhard Molderings at the University of Bonn in Germany, together with his team, has
found that plasma heparin levels are abnormal in more than 90% of patients with mast
cell disease, and, for the hematologists in the audience, this is even in spite of the
patient’s partial thromboplastin time almost always being normal. There are reasons for
that, but I'll need to have that discussion later with interested parties. There are other
potential candidate mediators for indicating that a state of mast cell activation exists —
chymase, carboxypeptidase A (CPA), etc. CPA may be even more sensitive and
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specific than PGD,, but there is not presently a commercially available test for CPA. One
may become available in about a year or two.

Dr. Sibbald: Does MCAS respond to treatments for systemic mastocytosis?

Dr. Afrin: Yes. I'll get into more of that later on.
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[Slide 36: MCAS: Emerging biology.]

The 3™ Most Important Slide In This Presentation

MCAS: Emerging Biology
Clonal, but many mutations are being identified

* More than 50 likely functionally significant mutations
scattered across all domains of KIT

* Most patients have multiple KIT (and other?) mutations

» No commercial assays yet for most of these mutations

 Ligand-binding domain: WS8R, (12§, del(nt a153), E53K, insertion 71
?seq(400bp), E73R, T74R, exon 3 & 5del and ins/del, ins nt 248a, ins
252, K259E, H265Q), E270K, L276S

« Dimerization domain: E338K, Q346L, M3s1E, F355L, E359V, exon 7
ins/del, del (aa 378-390)

« Proteolyticcleavage site: L416Q, D419H, ins(nt 1282g), exon 8 del

« Membrane-spanning region: del 510-513, exon 10 ins, M541L

« Kinase insert sequence Ki: S709A, del(S715), A736V, D751Y

» Kinase domain Kz: F782S, N787D, H790R, D816V, S821F, A829T,
A837V, L862V

« C-terminus: complex insertions

Molderings GJ et al. Multiple novel alterationsin Kit tyrosine kinase in patients with gastrointestinally pronounced systemic mast cell activation disorder.
Scand ] G | 2007, 42(0)11045-1053.

omparative analysis of mutation of tyrosine kinase Kitin mast cells from patients with systemic mast cell activation syndrome and
wnogenetics 2010,62:721-727.

What Dr. Molderings discovered back in 2007, and there was a follow-up paper just last
summer (2010) confirming and further extending these findings, is that just as systemic
mastocytosis is a clonal disease largely of the D816V mutation in KIT, mast cell
activation syndrome is a clonal disease, too, but it is a pool of many different clones.
There are many different mutations. Dozens of mutations have been found, and they
are scattered across all pieces of KIT [slide 37]. Each mutation leads KIT to behave in a
different way, driving the cells to produce different aberrant mediator expression
patterns leading to different clinical presentations. And it gets worse (with respect to
trying to understand MCAS as a single entity): most patients have multiple KIT
mutations, and so far there has been little apparent linkage amongst the different
mutations. And then there’s another twist that makes the situation worse yet: we've also
learned that most of these patients also have mutations in other genes and proteins that
are integral to mast cell function.
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[Slide 38: MCAS: Do the biology math.]

MCAS: Do théEibIogy Math

* MCsproduce/express Potential for
>200 mediators Multisystem
Polymorbidity

* 1 mutation = N aberrant
mediators

* Multiple KIT mutations
in most MCAS patients

* Multiple genes mutated KE

in most MPD patients

* Each mediator has its <*’° |
own unique array of §
direct and indirect, local <K )
and remote effects s

So, do the biology math. These cells produce and express dozens of mediators. One
mutation leads to aberrant expression of maybe not all mediators in the mast cell but
probably a sizable subset. But there are multiple mutations in most patients with mast
cell disease including mast cell activation syndrome. How any one mutation might
interact with any other one or multiple mutations remains to be determined. And there
are multiple genes beyond just KIT that are mutated in most myeloproliferative disease
patients. And when you go to that “COPE with Cytokines” website, it will really hit this
home for you. Each mediator doesn’t cause just one problem. Each mediator has an
entire array, a unique array, of effects — direct effects, indirect effects, local effects, and
remote effects — so when you do all the multiplying implicit in all of this biology math, you
begin to understand why this disease could present with such extreme heterogeneity.
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[Slide 39: MCAS: Presentation]

MCAS: Presentation

Typical presentation
» Age of onset: Any, but often unrecognized for 10+ years
if not discovered via childhood urticaria pigmentosa

e Can affect every system; usually multisystem

e Symptoms often subtle, chronic-persistent or chronic-
intermittent or chronic-waxing/waning

» Oftendifferent symptoms at different times
« Often no apparent triggers
e Many physicians
* Many diagnoses (definitive and/or descriptive)

» Patients commonly cease reporting symptoms

I’m going to go through a number of slides here running down a sort of a review of
systems in patients sprinkled with different case presentations.

In the typical presentation, MCAS could be recognized at any age but often goes
unrecognized for more than a decade if not discovered in childhood. It's usually multi-
system. The symptoms are often subtle, chronic-persistent or chronic-intermittent, or
chronic waxing-and-waning. There are different symptoms at different times. Often
there are no apparent triggers, but there also are plenty of patients who very clearly
know what their triggers are. Be careful, though, to not think that just because the
patient says “I get spells for no reason” that it can’t be mast cells. Many of them have no
apparent triggers. These patients go through doctors by the trainload. They accumulate
large problem lists, and after they figure out, after about 2-3 years of symptoms, that
their symptoms aren’t going to kill them, and they’ve learned that no doctor is going to
be able to figure out a diagnosis, they stop reporting their symptoms. They may well
continue to regularly suffer a wide range of symptoms, but they simply stop volunteering
such information to the clinicians they see because such abnormality has become their
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new normality. So it really is critical, in trying to clinically detect whether mast cell
disease might be present, for the clinician to take the time to take a complete review of
systems. | have had patients come to me for various hematologic issues, and | start to
pick up a flavour that this could be mast cell disease, leading me to run through a long
review of symptoms with them (well beyond the symptoms the referral hematologic
issue would be expected to produce). Sometimes when | ask, “Do you ever just pass
out?,” I've had patients tell me, “Oh, yeah, every other day or so for the last 20 years.” —
and they learned 18 years earlier to stop telling their doctors about it because there was
no point to telling their doctors about it. They’d already been through a complete workup
and had gotten nowhere and their doctors were getting to the point of just thinking they
were crazy.
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[Slide 40: MCAS: Presentation.]

MCAS: Presentation

Constitutional
* Fever and/or chills (or sense of being cold all the time)
e Fatigue/malaise (can be disabling)
» Unprovoked sweats, often nocturnal
* +/-anorexia and/or early satiety
* Weight gain (sometimes huge) more common than loss

« Typically begins subacutely, not associated with identifiable
change in diet or exercise

* Pruritus, often diffusely migratory, sometimes aquagenic

* Odd and prolific sensitivities (drugs, foods, environs)

The constitutional issues are all over the map, including fevers and/or chills or, most
commonly, neither frank fever nor frank chills but rather just a sense of feeling cold all
the time. You have to ask about that specifically because if you just ask about fever and
chills, they’ll often deny both. The fatigue and malaise can be just terrible, to the point of
truly utterly disabling the patient. Unprovoked sweats (often, but not always, isolated to
the evening and night hours) are another frequent symptom. Some of these patients
have anorexia, weight loss, and sometimes early satiety, usually as a result of an
enlarging spleen. Much more commonly, though, we see issues not with weight loss but
rather with weight gain, sometimes hugely so. I've had a number of these patients come
to me after a gastric bypass which did help them lose weight but didn’t address any of
the myriad of symptoms they had before the gastric bypass which the surgeon never
realized or chose not to address prior to surgery in spite of the much greater likelihood
of there being a common problem underlying both the obesity and the plethora of other
symptoms.
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The pruritis can be anywhere on the scale from non-existent to atrocious. Also, these
patients not uncommonly have odd allergies such as things you wouldn’t think it's
possible to be allergic to such as acetaminophen, levothyroxine, aspirin, loratadine, and
so forth. The clinician working in this area also has to keep in mind the possibility that
what the patient is reacting to is not the active ingredient but rather a filler, and
sometimes simply switching to an alternative formulation of the “same” medication can
eliminate or reduce many symptoms.
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[Slides 41-42: Case: It's a miserable life (#1).]
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Case: It’s A Miserable Life (#1)

* A 69 year old woman was referred for chronic mild
leukocytosis. PMH/ROS found problems dating to
childhood including constipation, refractory
onychomycosis, frequent other skin lesions and
infections, fatigue, fibromyalgia, emotional lability, G5
with two miscarriages and three low-birthweight
deliveries, refractory pruritus and GERD since her 4os,
fevers, chills, sweats, presyncope, hunger, headaches,
insomnia, cognitive dysfunction, sensory neuropathy,
eye/nose/mouth/lip/throatirritation, dyspnea,
palpitations, edema, dysuria, cervical adenopathy.
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Case: It’s A Miserable Life (#1)

Tryptase, histamine, uPGD,/NMH, and random
marrow and Gl tract biopsiesall normal.

Serum chromogranin A: 3500 ng/ml (normal o-50).

High-dose histamine blockade worsened many
problems; low-dose blockade immediately resolved
throat soreness and cervical adenopathy.

Intolerant of aspirin, montelukast, nebulized and oral
cromolyn.

Lorazepam 0.25-0.5 mg t.i.d. and zolpidem 10 mg ghs
immediately resolved virtually all symptoms.

A 69 year old woman was referred for chronic mild elevated white count. I'm not going to
go through all the details; suffice to say there was a boatload of problems she had had
for decades, going all the way back to childhood. Initial screens for mast cell disease
were all negative except her serum chromogranin A level was stratospheric. Most
physicians, by their classic training, will tell you a situation like this has to be a
neuroendocrine cancer, except cancer patients look and behave in a certain way, and
though she was chronically sick to be sure, she didn’t look anything like “cancer sick.”
So there had to be another source for the chromogranin A. Heart and renal failure and
proton pump inhibitor use can elevate chromogranin A levels modestly, but nowhere
near the levels seen in this patient. Interestingly, when you go digging into the list of
mediators the mast cell can elaborate, you quickly come across chromogranin A. So,
besides a neuroendocrine cancer that she didn’t have and a mast cell disease that fit
her chronic multisystem polymorbidity perfectly, there was no other possible source for
the chromogranin A. This had to be mast cell disease. High dose histamine blockade
curiously worsened many of her problems (perhaps a filler issue?), but the low dose
blockade (possibly with a different formulation?) immediately helped in a number of
areas. She was intolerant of a number of other cheap treatments, so then we decided to
try simple old lorazepam in combination with zolpidem, which is not a benzodiazepine
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like lorazepam but nevertheless targets the benzodiazepine receptor. And those two
simple little drugs turned off about 95% of her symptoms. At age 69 she was a new

woman.
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[Slides 43-44: Case: It's a miserable life (#2)]
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Case: It’s A Miserable Life (#2)

* Anadolescent girl had menarche at16. Subsequent
problems through adulthood included diffuse/migra-
tory/waxing/waning arthritis, HTN, hyperlipidemia,
GERD, premature menopause at 38, resected lung cancer
and CABG at 59, ischemic colitis at 63 associated with
onset of sweats and panic attacks, presyncope since 65,
intense pruritus since 71.

* ROS also positive for chronic/episodic/waxing/waning
eye irritation, dyspnea, non-anginal chest pain,
palpitations, breast soreness and fibrocystic disease,
dysphagia, constipation, dysuria, edema, hearing deficits.
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Case: It’s A Miserable Life (#2)

Local investigation found mild anemia and leukopenia
and elevated tryptase (34 ng/mL).

Marrow examination negative.
Refractory to all anti-pruritics, referred at age 73.

Gastric biopsy taken at 71 re-examined; increased mast
cells found on immunohistochemistry.

Histamine blockers resolved sweats and eye irritation.
Intolerant of aspirin, montelukast, oral cromolyn.

All remaining symptoms resolved with dasatinib 20 mg/d.

An adolescent girl had delayed menarche at age 16 and many subsequent problems
throughout adulthood included not only a first boatload of issues she spontaneously
reported when initially seeing me in referral at age 71 but also a second boatload of
issues that emerged on a full review of systems. Investigation by her local physicians
had found mild anemia, a low white count, and tryptase that was elevated into the range
that satisfies the minor diagnostic criterion for systemic mastocytosis, but the marrow
was completely negative including the special flow cytometric testing. What do you do?
She clearly does not meet the criteria for systemic mastocytosis. She was actually
referred to me for refractory severe pruritis. She had been tried on everything. Nothing
was helping her with the itching that was destroying her life. | went back to a gastric
biopsy she had had done for one of her Gl complaints two years earlier, restained it with
the right immunohistochemistry — and there was the mast cell disease. Histamine
blockers helped only a little bit. She was intolerant of several other drugs. | finally got
around to trying her on very-low-dose dasatinib, and it just turned everything off. For her
disease it was the right switch, a molecular switch.
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[Slide 45: MCAS: Presentation]

MCAS: Presentation

Ophthalmologic

e Irritated (dry, sandy) eyes
e Lacrimation

e Pruritus

» Suffusion

* Conjunctivitis

* Inability to focus

e Lid tremor/tic

e [Intermittent infection or sterile inflammation

The ophthalmologic issues are all over the map. Irritated eyes, gritty, sandy, dry...you
have to use all these words in going through a review of symptoms because they will
deny many adjectives but finally acknowledge the one that you hit on. It all boils down to
various flavours of inflammation which is usually sterile, but because of the impact the
disease has on the immune system, infectious problems can easily arise, so you do
have to remain alert to the occasional true infections these patients can have.
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[Slide 46: MCAS: Presentation]

MCAS: Presentation

Otologic
e Intermittent infections or sterile inflammation
» Hearing deficit or tinnitus

e Otosclerosis

The same sterile or infectious inflammatory issues that arise with the eyes in MCAS can
arise in every other system in the body, too, including the ears, where they can present
with present waxing and waning tinnitus (a ringing in the ears), hearing deficits, and
otosclerosis. I've seen MCAS in several patients now, too, who became idiopathically
deaf during childhood or adolescence, and | think | can be forgiven for wondering
whether MCAS was the cause of that problem, too.
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[Slide 47: MCAS: Presentation]

MCAS: Presentation

Oral/oropharyngeal

* Pain (often “burning”)
» Leukoplakia

* Fibrosis

 Lichen planus

* Throat discomfort/irritation/tickle leading to
intermittent dry cough and/or proximal dysphagia

Afrin IB. Burning Mouth Syndrome and Mast Cell Activation Disorder. Oral Surg Oral Med Oral Path Endodontol 2ommi 4):465-472..

Oral issues in MCAS are frequent, especially diffuse pain in the mouth that’s often
described as a burning. They’ll deny quite often a soreness or irritation in the throat, but
if you ask them, “Do you have this ongoing sense of a need to clear your throat, a tickle
in your throat that leads to a chronic cough or a chronic throat clearing?,” that’s a
symptom they will often acknowledge, and it'’s a low grade inflammation of the pharynx.
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[Slides 48-50: Case: Burning mouth syndrome.]
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Case: Burning Mouth Syndrome

* In 2004 a previously fairly healthy 54 year old woman
acutely developed a persistent sensation of burning
throughout the mucosa of the entire GI tract, worse by
far (pain 10/10) in the mouth.

* Extensive evaluation by specialists in internal
medicine, oral surgery, ENT, GI, infectious disease,
and rheumatology were unrevealing except for biopsy
showing mild chronic gastritis and, eventually,
discovery of a 100-fold elevated serum chromogranin A

* Hematology/oncology was consulted

AfiinIB. Buning Mouth Syndrome and Mast Cell Activation Disorder. Oral Surg Oral Med Oral Path Endodontol 2o0mmi 4):465-472..
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Case: Burning Mouth Syndrome

* Extensive searching for neuroendocrine cancer
(although she didn’t look like she had such) was
fruitlessly pursued.

* The top five U.S. neuroendocrine cancer experts were
consulted by phone; all were absolutely confident she
must have a neuroendocrine cancer and recommended
periodic repeat testing, especiallyadvanced imaging.

* Evaluation for mast cell disease found negative
tryptaseand plasmaand urinary histamine and PGD.,,.

* Two marrow biopsies, two oral mucosa biopsiesall nl.

AfiinIB. Buning Mouth Syndrome and Mast Cell Activation Disorder. Oral Surg Oral Med Oral Path Endodontol 2ommi 4):465-472..
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Case: Burning Mouth Syndrome

Fouryears after symptoms began,
immunohistochemical staining of the gastric biopsy
showing gastritis revealed substantially increased mast
cells.

Antihistamines and NSAIDs reduced her pain to 1/10
overnight. Response has been sustained two years.

Five other patients with BMS now evaluated:
» Different aberrant mediator expression patterns
e All with increased mast cells in Gl tract biopsies

» All responding to various mast-cell-targeted therapies

Afrin IB. Burning Mouth Syndrome and Mast Cell Activation Disorder. Oral Surg Oral Med Oral Path Endodontol 2ommi 4):465-472..

There actually is a syndrome in the medical literature, primarily in the oral literature,
which | certainly never heard about until the middle of the last decade, called burning
mouth syndrome. In 1990 a U.S. National Institutes of Health survey found 1% of
everybody in the U.S. complains of a chronically burning mouth. Who knew? | didn’t.
Nevertheless, it’s there, and in some people it can be severe enough to require medical
attention (though often to little avail).

In 2004 a previously fairly healthy 54 year old woman acutely developed persistent
burning throughout the mucosa of the entire Gl tract, worse by far in the mouth. She
consistently described the pain as 11 out of 10. From the moment she woke up in the
morning to the moment she finally exhaustedly fell asleep each night, she was in severe
oral pain. Extensive evaluations (including multiple oral mucosa biopsies) were all
negative except biopsy of the stomach showed mild chronic gastritis. Multiple types of
pain relievers were unhelpful. Nine months after initial onset of her burning mouth pain,
she was found by an enterprising gastroenterologist to have a 100-fold elevation in her
serum chromogranin A. This is actually the second patient in whom | diagnosed MCAS,
just a couple months after my index case of MCAS-induced polycythemia we discussed
earlier. The gastroenterologist referred this patient to oncology, saying she had to have

Page 68 of 153



Mastocytosis Society Canada Medical Lecture - June 6, 2011
Contact: info@mastocytosis.ca or afrinl@musc.edu
Systemic Mast Cell Disease: An Update - L. Afrin, M.D., Medical University of South Carolina

a neuroendocrine cancer. When [ initially saw her, she certainly looked chronically ill,
but, again, she didn’t look “cancer sick.” There was just no way she had cancer, yet at
that time | didn’t know any other disease that could produce a serum chromogranin A
level that starkly elevated. So | did my duty as an oncologist and went looking for a
neuroendocrine cancer. Starting in 2005 (three years before my index case of MCAS-
induced polycythemia), | looked — repeatedly — really hard for her neuroendocrine
cancer and just could not find any trace of such a thing beyond the chromogranin level.

| called the top 5 neuroendocrine cancer experts in the country, and they all praised how
thorough | had been in looking for the neuroendocrine cancer, and they unanimously
concluded, “You just have to keep looking because it has to be a neuroendocrine
cancer.” Around the time | made my index diagnosis of MCAS-induced polycythemia, |
began to wonder whether mast cell disease could be causing the burning mouth
syndrome here, so | evaluated her for this. It was all negative. Two marrow biopsies and
two oral mucosa biopsies, all negative. And then | went back to the old Gl biopsies, had
the pathologist do the appropriate immunohistochemistry for mast cell disease, and
there it was. Antihistamines and non-steroidal anti-inflammatories together reduced her
pain overnight from 11/10 to 1/10. She has done well for the last two years. | have now
found MCAS underlying burning mouth syndrome in several other patients, and in April
2011 | published in one of the oral medicine journals my first 3 cases of this. Since that
was written, though, I've now found another 3 patients with this. I’'m not trying to say that
all cases of burning mouth syndrome are actually MCAS. There are cases of burning
mouth syndrome that are caused by Sjogren’s disease, candidiasis, or other causes, but
there’s an awfully large fraction where the cause is utterly unknown and every study
imaginable of the mouth finds nothing. All the routine biochemical labs — the blood
counts, the chemistries — are all normal, and it is very frustrating for the oral
pathologists, the oral surgeons, and the dentists who manage these patients, because
they don’t know what to tell the patients. They can’t find anything wrong, and yet these
patients keep coming in over and over again reporting constant severe mouth pain.
Well, now we know one additional (and treatable) entity — MCAS — that can cause this.

Dr. Monthropey: Just a question...we’re taught that NSAIDs degranulate mast cells,
making things worse. How can they be effective therapy?

Dr. Afrin: They certainly can make things worse for some patients, and then clearly for
other patients they can be inhibitory, though the doses required typically are beyond
what most physicians are used to using.

Dr. Sibbald: NSAIDs can be dangerous in mast cell disease. Before we had some of
the better long-acting non-sedating H¢ antihistamines, we used to exercise people to
deplete their histamine, and often they would clinically improve just through exercising 2-
4 times a day.

Dr. Afrin: Of note, the other burning mouth syndrome patients I've found had elevations
in mast cell mediators other than chromogranin A and have responded to different
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therapies than what worked in my first such patient. I'm not saying that chromogranin A
causes the burning sensation or that antihistamines and NSAIDs are the answer to
burning mouth syndrome. Different patients have different mutations leading to different
mediator expression patterns leading to different assortments of symptoms, and
therefore they’re going to require different therapies. Clearly, different mediators can
lead ultimately to different symptoms, so just because two MCAS patients share a
symptom, that doesn’t begin to tell you which mediator or combination of mediators is
causing it in either patient. My first burning mouth syndrome patient had sky-high
chromogranin A levels, but the next five had normal such levels, so it’s clearly not the
chromogranin A that’s causing the symptom. Chromogranin A was just a marker for
what was going on in my first burning mouth syndrome patient. 1 still don’t know what
the mediators are which were causing her pain.
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[Slide 51: MCAS: Presentation.]

MCAS: Presentation

Nodal

* Occasional adenopathy (sometimes tender)

* Left upper quadrant (splenic?) discomfort not
uncommon

 Pathologically, usually just a reactive lymphocytosis,

sometimes an atypical non-specific lymphoproliferative
disorder

The nodal issues tend not to be bad. There’s occasional adenopathy. Sometimes it’s
tender, and sometimes there is modest waxing and waning discomfort, particularly in the
left upper abdominal quadrant. If you go to the trouble of obtaining biopsies from
enlarged and/or tender nodes in MCAS patients, it usually will show only a reactive
lymphocytosis. Sometimes the pathologist will go as far as calling it an atypical
lymphoproliferative disorder, but he won’t commit to calling it a lymphoma, and even
though cytogenetic studies may sometimes identify clear clonal abnormalities consistent
with lymphoma, it usually won’t behave as a lymphoma would be expected behave
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[Slide 52-53: Idiopathic splenomegaly.]
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Case: Idiopathic Splenomegaly

* In 2008 an airline pilot developed acute “food
poisoning”

* Symptoms, including prominent left upper quadrant
discomfort, had only partially abated after a month

* Disqualified from piloting

* Local evaluations by internal medicine, infectious
disease, hematology/oncology, gastroenterology, and

rheumatology were all unrevealing except for
idiopathic mild splenomegaly (on imaging only)

* Referred for second hem/onc opinion
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Case: Idiopathic Splenomegaly

Physical and marrow exams unrevealing.

Mast cell mediator screening positive only for mild
elevationof uPGD,

Moderately improved with antihistamines, NSAIDs,
cromolyn, and dasatinib; no improvement with
montelukast or imatinib.

Still too symptomatic to pilot; working part-time
customer service at a retail store.

In 2005, an airline pilot in his early 50’s developed “acute food poisoning.” A lot of MCAS
patients will present with that. Not that they haven’t had symptoms attributable to MCAS
going on for decades, but “food poisoning” sometimes will be their acute presentation.
And as will happen with this disease, the food poisoning, if that's what it was, doesn’t go
away. True food poisoning virtually always goes away, and pretty quickly at that. After a
month, his symptoms only partially abated and he was disqualified from piloting, with
multiple evaluations all unrevealing except for a tiny bit of enlargement of the spleen for
which he got referred to me. Physical and marrow exams were unrevealing, he had a
mild elevation of urinary PGD,, and he has moderately improved with several drugs as
you see (in the slides). He’s doing a good bit better now, but he’s clearly still too
symptomatic to be put back in charge of a commercial airliner. | don’t want to give
anyone the impression that all of my patients are unqualified treatment successes,
because they’re not. This patient is now working part-time in customer service at a retail
store. That’s unfortunate, but it’s the reality.
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[Slide 54: MCAS: Presentation]

MCAS: Presentation

* Pulmonary
» Nasal congestion
e Rhinorrhea
e Laryngeal edema/inflammation
e Hoarseness
* Cough (usually dry)
* Dyspnea
e Cyanosis
* Wheezing/asthma
« PGD, triggers asthmaticspells
* COPD? IPF?
« Mast cells may be effector cells

Matsuoka T et al. Prostaglandin D, as a Mediator of Allergic Asthma. Science 2000 Mar 17; 287(5460):2013-2017.
Bochenek G et al. Plasma gaub-PGF., a PGD. metabolite, as a sensitive marker of mast cell activation by allergen in bronchial asthma. Thorax 2004,59:459-464.
Edwards ST et al. ¢-Kit immumophenotyping and metalloproteinase expression profiles of mast cellsin interstitial lung diseases. [ Pathol 2005; 206(3):279-200.

There’s a broad range of pulmonary issues that can be seen in MCAS, but what these
patients will most commonly complain about in the pulmonary area is something they
struggle to find the words to describe. You have to give them the time to figure out how
to tell you this, but what they will say in the end is “l just can’t get a really deep breath
any longer”. Extensive pulmonary function testing will be normal, and they’ll still tell you,
“There is something wrong with my breathing”.
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[Slide 55: MCAS: Presentation]

MCAS: Presentation

Cardiovascular
* Presyncopal or syncopal spells
« “Lightheadedness,” “Dizziness,” “Weakness,” “Vertigo,” “POTS”
« Often no identifiable trigger

* Hypertension and/or hypotension, sometimes quite labile

« PGD,-induced vasoconstriction is 5- to 10-fold more potent
than norepinephrine

e Palpitations/arrhythmias

» Typical and atypical “angina,” often without identifiable
significant coronary atherosclerosis

;“" d 'OS ¥ :‘:,( "YSIMS, T i S
» Aggressiveatherosclerosis, aneurysms, hemorrhoids

» Episodic migratory edema, often labeled CHF in spite of
objectively normal heart function

MagoshiH erel Prostaglandin D> Inhibits Inducible Nitric Ozxide Synthase Expression in Rar Vascular Smooth hMuscle Cells. Cire Res1008;82:204-200.
Ackinson[B er 2. Theassociation of mastcells and atherosclerosis: A morpholo gic study of early atherosclerotic lesions in young people. Human Parholwo4 Feb;25(21154150.
Forman B er ol Increased adventitial mastcells in a patient with coronary vasospasm. N Engl[ Med108533m38-41.

There’s a broad range of cardiovascular issues, too. Pre-syncopal and syncopal spells
are common, but few patients will use that terminology. They’ll use lots of different
words — “lightheadedness,” “dizziness,” “weakness,” or “vertigo,” and POTS (postural
orthostatic tacychardia syndrome) is a very common item on their long problem lists —
but if you take a careful history, you will find that some of the POTS spells are
orthostatic but many are very clearly not orthostatic. There’s often no identifiable trigger.
MCAS patients often have both hypertension and hypotension, sometimes quite labile.
Palpitations are common. They can have typical and atypical bouts of chest pain that
can send them to the emergency room quite frequently, but if they get to the point of
being catheterized, you typically find nothing. On the other hand, some of these folks
can manifest extremely aggressive atherosclerosis as well as other vascular anomalies
that have clearly been linked to mast cell disease, and they will often tell you about this
strange pattern of edema — swelling — that’s a migratory pattern. It doesn’t behave the
way heart failure edema behaves and yet these patients, because they complained of
swelling, they often get labeled as having heart failure even though they have objectively
normal heart function. But heart failure edema doesn’t show up as migratory edema.
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[Slides 56-58: Case: First, Do No Harm.]

Case: First, Do No Harm

* In1976 a 13 year old boy acutely developed marked
fevers, sweats, palpitations, adenopathy, splenomegaly,
fatigue/malaise, and diffuse migratory aching and rash

* Extensive evaluation by multiple academic specialists,
including careful pathology evaluation of the
splenectomy specimen, was unrevealing.

* He improved somewhat, but waxing/waning
symptoms persisted.

* Atage 30 he suffered his first “heart attack.”
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Case: First, Do No Harm

* Byage 48 he had suffered >20 “heart attacks” and
“strokes,” though no evidence of coronary or carotid
occlusion was ever found except within the stents that
were eventually placed by frustrated cardiologists

* In 2008 he was referred for hem/onc opinion for
possible hypercoagulability.

* Extensive evaluation for a defined hypercoaguable
syndrome was negative.

* Screening for mast cell disease was negative except for
significantly increased mast cells on duodenal biopsy.
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Case: First, Do No Harm

His symptoms proved refractory to antihistamines,
NSAIDs, montelukast, benzodiazepines, inhaled and
oral cromolyn, imatinib, and dasatinib.

Rash biopsy appeared consistent with
angioimmunoblastic T-cell ymphoma (rash had
waxed/waned since initial onset of disease)

CHOP + denileukin difitox x 1 cycle at age 48 yielded
minimal improvement and was then stopped due to
concerns regarding accuracy of diagnosis

Patient died at age 50 of sudden cardiac death

In 1976 a 13 year old boy acutely developed marked fever, sweats, palpitations,
adenopathy, an enlarged spleen, disabling malaise, diffuse migratory aching, and rash.
Extensive evaluation couldn’t find any cause. No diagnosis emerged from pathologic
analysis of the spleen when it was removed. He continued to have waxing and waning
symptoms. At age 30 he suffered his first heart attack, even though catheterization was
clean. By 18 years later he had suffered more than 20 “heart attacks” and “strokes,”
though no evidence of coronary or carotid artery occlusions was ever found except
within the coronary stents that his cardiologist had eventually placed out of frustration.
Only After stent placement began did he start having definite obstructions, and all of
them were in the stents. He was referred to me in 2008. | looked hard for any known
hypercoagulable syndrome and could not find one. Screening for mast cell disease was
negative except on duodenal biopsy — clearly substantially increased mast cells.
Unfortunately he proved refractory to treatment. I'll skip over the details of this. | really
was never able to help this patient, and last year at age 50 he died of sudden heart
death, probably as a result of occlusion in one of the stents that had been placed by his
well-meaning and understandably frustrated cardiologist.

Page 78 of 153



Mastocytosis Society Canada Medical Lecture - June 6, 2011
Contact: info@mastocytosis.ca or afrinl@musc.edu
Systemic Mast Cell Disease: An Update - L. Afrin, M.D., Medical University of South Carolina

[Slide 59: MCAS: Presentation]

MCAS: Presentation

GI

e Pain/discomfort/inflammation of any or all segments
including luminal tract and solid organs

» “Refractory GERD” and “IBS” very common

« Non-ulcerative dyspepsia often responds well to H, antagonists
* Queasiness, nausea, vomiting
e Diarrhea and/or constipation

* Malabsorption common (up to a third of cases), either:
« General protein/calorie, or
 Any selected micronutrient(s) (e.g., iron, copper, Bg, etc.)

HeS-H. Key role of mast cells and their major secretory products in inflammatory bowel disease. World | Gastroenterol 200410(3):300-318.

The Gl issues again follow on the inflammatory theme in MCAS — pain, discomfort, and
inflammation of any or all segments including the luminal tract and solid organs.
Refractory GERD and irritable bowel syndrome or inflammatory bowel syndrome are
very common. Let me ask you something about refractory GERD patients. These
patients are on maximal acid suppression, and yet they continue to complain of a
gastritic type of discomfort and reflux. Where is the discomfort coming from if they have
no significant acid any longer? My thought is that it never was acid that was causing
their problems. They’re feeling inflammation. Inflammation hurts regardless of its cause,
and though excess acid can be such a cause, in the case of these patients, the
inflammation is coming from the release of inflammatory mediators by the mast cell
disease. These patients have always had biopsies done, and if you go back to those
biopsies and stain them appropriately, you’ll likely find histologic evidence of the
disease.

Chronic diarrhea (often alternating with constipation) is a common complaint in MCAS
and often frustrates their primary doctors, leading them to not uncommonly label the
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patients as crazy since, on the surface of it, it would seem there’s no way a disease
could cause both diarrhea and constipation. Malabsorption, too, is not uncommon, either
a general protein-calorie malabsorption that’s fairly rare or, much more commonly, there
is selective micronutrient absorption deficiency (where the particular micronutrient that’s
malabsorbed just depends on which mediators are being aberrantly expressed), and if it
gets severe enough, the patient then goes on to have the clinical consequences of that
micronutrient deficiency which just further complicates the clinical presentation.
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