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Mastocytosis

a heterogeneous group of disorders that results from a clonal
proliferation of abnormal mast cells in different tissues or organs
(predominantly skin, bone marrow and visceral organs)
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Stem Cell Factor

Copyright © 2006 Nature Publishing Group
Nature Reviews | Immunology

tyrosine kinase KIT (CD117)

Mast cells abundant in:
- Skin

- @Gl tract,

- Respiratory tract

- Blood vessel wall

Very few in the bone
marrow



Mast Cell Activators Mast Cell Molecules

Receptor-binding agonists Preformed mediators

IgE+ Antigen or IgE alone Histamine
Ig light chain Proteases
Complement Serotonin

Neuropeptides . Heparin
Microbial products IL-4, TNF, GM-CSF
Cytokines

Chemokines

T and B cell ligands
PD-L1, OX40L, CD30L,

Physical activators CD40L, CCL19, 4-1BB

Te;:gse;i::re o Newly synthesized mediators
™, Lipid derived: Prostaglandins
8 = Leukotrienes
Cell-cell contact Y PAF
OX40/0X40L v O Cytokines
CD40/CD40L Growth Factors
TCR/MHCII - Chemokines
Free Radicals

Others: Substance P



Increased secretion
and permeability
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Blood vessel Eosinophils B Lymphocytes Regulator T cells
Decreased coagulation Recrutement and activation

Increased vascular
permeability

Bronchoconstriction
and pain

IgE-mediated inflammatory reactions (including allergy and anaphylaxis)
Acquired and innate immune responses

Wound healing, fibrosis

Angiogenesis

Auto-immune diseases

Arock et al, Eur ] Hematol 2015



KIT mutation
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DE16H Figure 1. The image shows the structure of the KIT receptor with the known function of its domains

IS17V and localization of all reported KIT mutations in adult patients with mastocytosis. On the left the
V819Y structure of the receptor; in the center, the 21 KIT exons and the most frequently reported mutations.
DR2G *: mutation found in >80% of adult patients with systemic mastocytosis. Abbreviations: Del, deletion;
L NE2 /K ECD, extracellular domain; Ins, insertion; ITD, internal tandem duplication; JMD, juxtamembrane
ES39K domain; TKD, tyrosine kinase domain; PTD, phosphotransferase domain; TMD, transmembrane
S84ON domain. Image source Ref. [9].
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Epidemiology

* Rare disease
* In Europe, estimated prevalence: 1 — 1.3 for 10.000 habitants
* Slight predominance of female in adulthood

* In children, 80% before 1 yo, mostly cutaneous forms and
spontaneous regression at puberty

* In adults, mostly systemic mastocytosis (95%), life-long



TABLE 1 | WHO 2016 mastocytosis classification.

1. Cutaneous mastocytosis
a. Urticaria pigmentosa or maculopapular cutaneous mastocytosis
b. Diffuse cutaneous mastocytosis
c. Solitary mastocytoma of skin

2. Systemic mastocytosis
a. Indolent systemic mastocytosis
b. Smoldering systemic mastocytosis
c. Systemic mastocytosis with an associated hematological neoplasm
d. Aggressive systemic mastocytosis
e. Mast cell leukemia

3. Mast cell sarcoma

adapted from Arber et al. Blood 2016



Clinical manifestations

e Cutaneous lesions

- Urticaria pigmentosa +++ (or maculo-papular cutaneous mastocytosis)

- Diffuse Cutaneous Mastocytosis
- Mastocytoma of skin



Urticaria pigmentosa
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Urticaria pigmentosa




Urticaria pigmentosa




UP in children




Darier’s sign




Diffuse CM




Mastocytoma of the skin




Clinical manifestations

e Cutaneous lesions

- Urticaria pigmentosa +++ (or maculo-papular cutaneous mastocytosis)

- Diffuse Cutaneous Mastocytosis
- Mastocytoma of skin

* Symptoms related to mediator release



Table 4. Factors that can lead to mast cells mediators release. 114

1. Physical agents
Heat
Cold
Pressure or rubbing of skin lesions
2. Emotional factors
Fatigue
Anxiety
3. Drugs and medications
Acetylsalicylic acid
Non-Steroidal Anti-Inflammatory Drugs
Cough suppressants
Alcohol
Muscle relaxants used in general anesthesia
Inductors used in general anesthesia
Local anesthetics
Contrasts iodized
alpha-adrenergic
beta-adrenergic blockers
antagonists of cholinergic receptor
Interferon alpha
4. Poisons
Hymenoptera
Snake
5. Others
High molecular weight molecules used in case of hypotension o hypovolemia such as dextran.

Zanotti R et al. Mediterr ] Hematol Infect Dis 2021



Symptoms related to mediators release

Allergens, bacteria, cytokines, drugs,
fungi, peptides, toxins, and viruses

|

Cardiovascular CRH, chymase,

Hypotension
Syncope or near syncope

histamine, interleukin-6,
* PAF, renin, TNF, tryptase , |

. CRH, histamine,
interleukin-6, TNF ,

Systemic

Fatigue
Generalized malaise

CysLTs, PAF, PGD,

Light-headedness = % T R
Tachycardia : X R
A
Cutaneous CRH, histamine, interleukin-6, » ¢
y interleukin-8, interleukin-33, .
Flushing PAF, PGD,, TNF, tryptase
Pruritus < .
Urticaria T DIPAR 26, ° IS Ui e S
Angioedema : CRH, histamine,

interleukin-6, neurotensin, =«
PAF, PGD,, serotonin, TNF,

tryptase, VIP

Digestive
Abdominal cramps
Diarrhea

Esophageal reflux
Nausea and vomiting

Histamine, interleukin-6,

>

Weight loss

Respiratory
Nasal congestion
Nasal pruritus

>

CRH, histamine,

Shortness of breath
Throat swelling

Wheezing

« ' interleukin-6, neurotensin,

b Interleukin-6,
PGD,, RANKL, |*
TNF, tryptase

A -

Musculoskeletal

Aches
Bone pain

Neurologic

Anxiety

Depression

Decreased concentration
and memory

Insomnia

Migraines

Theoharides et al. N Eng J Med 2015



Symptoms related to mediators release

* Anaphylaxis:

Incidence in mastocytosis patient is higher than in general population
20 - 49% among studies
Especially if NO skin lesions and if Indolent SM
triggers : hymenoptera stings, food, medications (39% idiopathic)

More likely with hypotension or circulatory collapse than asthma or laryngeal
edema

* Bone disease:
Osteoporosis: the most prevalent manifestation of bone disease

Fractures, sometimes lytic lesions

Bonadonna et al, J Investig Allergol Clin Immunol 2014



Clinical manifestations

e Cutaneous lesions

- Urticaria pigmentosa +++
- Diffuse Cutaneous Mastocytosis
- Mastocytoma of skin

* Symptoms related to mediator release

* Symptoms related to extra-cutaneous organ infiltration
(only in Systemic Mastocytosis)



Symptoms related to organ
infiltration

* Cytopenias

* Lymphadenopathy

* Splenomegaly, hypersplenism

* Hepatomegaly, altered hepatic function, ascitis, portal hypertension
* Malabsorption, weight loss

* Pleural effusion

» Osteolysis, pathologic fractures



- Mast cell mediator / skin symptoms prominent

Gastrointestinal:
nausea, vomiting,
diarrhea, abdominal
cramps, heartburn

Skin: pruritus, flushing, hives

Cardiovascular: syncope,
dizziness, palpitations

eurologic:
memory/cognitive
difficulties,
depression,
headache, sleep
disturbance

Anaphylaxis:
(hypotension >>

angioedema)
Hymenoptera
stings, drugs, food

/

Ei e

Bone: osteopenia,
osteoporosis, back pain,
bone pain

Constitutional:
generalized weakness,
fatigue, arthralgias,
myalgias, sweats, chills

-

mast cell infiltration!

= Osteolysis w/ pathologic

fractures

Lymphadenopathy
Splenomegaly/hypersplenism,
Hepatomegaly/ascites
Cytopenias

Malabsorption or protein-losing

enteropathy w/ weightloss

\

that organopathy is due to

4

—_——

Organopathy prominent ‘

Pre-diagnostic
SM

1

Indolent
SM

Smoldering
SM?

Disease bur

Aggressive SM / SM
+ associated hematological
malignancy

Mast cell
leukemia

den / aggressiveness mm)

Pardanani et al, Am J Hematol 2021



Diagnosis: WHO criteria for CM

CUTANEOUS MASTOCYTOSIS

Typical clinical findings of urticaria pigmentosa/maculopapular
cutaneous mastocytosis (UP/MPCM), diffuse cutaneous mastocyto-
sis (DCM), or solitary mastocytoma, with typical infiltrates of mast
cells in a multifocal or diffuse pattern on skin biopsy.

- Giemsa staining
- IHC: tryptase and KIT (CD 117)
Normal and abnormal mast cells

Mast cells may form small or large clusters
or appear in sheets

No specific cut-off value for number of MC
I Clinical correlation is important




When to evaluate for SM?

e Adults with typical skin lesions
* If no skin lesions, think about it if:
- Adults with hypotensive anaphylaxis (sting of a Hymenoptera insect!)

- Osteoporosis and pathologic bone fractures, particularly if risk factors
for osteoporosis are lacking

mmmm)  Biology (tryptase)

BM biopsy



REMA Score

Table 2. REMA Scoring Model?

Variable Score
Gender Male +1 Score > or = 2:
Female = BM biopsy recommended
Clinical Absence of urticaria and angioedema | +1 Se 62%
symptoms Urticaria and/or angioedema -2 Sp 72%.
Presyncope and/or syncope +3
Serum tryptase | <15 ng/mL |
>25 ng/mL +2

Abbreviation: REMA, Red Espafiola de Mastocitosis (Spanish Network on
Mastocytosis).

3Proposed as a screening method for the presence of clonal mast cells

in patients presenting with anaphylaxis in the absence of cutaneous
mastocytosis before a bone marrow study.

Carter et al, J Investig Allergol Clin Immunol 2018



NICAS Score

TABLE IV. Clonal mast cell predictability tables: Mast cell
activation symptom scores (NICAS)

Variable Score
Sex
Male +1
ok = Score > or = 2
Clinical symptoms .
Absence of angioedema +1 BM biopsy
Flushing -1
Urticaria +1 Se 75%
Syocope +3 Sp 100%
Tryptase
<11.4 ng/mL -1
>11.4 ng/mL +1
Allele-specific PCR
Negative -1
Positive +3

A total score of 2 or greater is predictive of clonal disease.
NICAS, NIH Idiopathic Clonal Anaphylaxis Score.

Carter MC et al. J Allergy Clin Immunol 2018



Biology

* Complete biology (CBC, liver function, ALP)
* Tryptase baseline level

N:1-11.4 ng/ml

If > 20 ng/ml: suspicion of SM

DD: MDS, LAM, CEL (FIP1L1 PDGFRA)
End stage kidney disease
Atopy, chronic urticaria
Chronic worm infection
Hyper alpha tryptasemia (5-6% population)



Bone marrow biopsy

* Normal: rare mast cells (< 0.1% nucleated cells)
» SM: multifocal aggregates of > 15 spindle-shaped or atypical mast cells

- CD117+ (KIT)

- tryptase +

- CD25+ and/or CD2+
- CD30+




KIT mutation: PCR assay

Table 3 KIT mutants detectable in patients with mastocytosis

KIT Mastocytosis variant Other non mast
mutant (estimated frequency) cell-lineage disorders dd PCR or ASOq_PCR
D816V SM (70%—90%), GIST (< 1%), AML Highly sensitive
CM (10%—-30%) (< 5%), germ cell
tumours (10%—20%)
Dalgx  SMA=o4b) Bone marrow > peripheral blood

CM (< 5%)
D816F* SM (< 5%),
CM (< 5%)
D816H SM (< 5%) germ cell tumours
(500_1000)
R815K* CM (< 1%)
1817V SM (< 1%)
D820G SM (< 1%)
E830K* CM (<1%)
V533D* CM (< 1%)

V560G SM (< 1%) GIST (< 5%)
V550A*  CM (< 1%) + FIP1L1-PDGFRa if eosinophilia
FSZZCT SM (< 1%) . .
del410t  SM-familial type (< 1%) GISTfamilial type + JAK2 and BCR-ABL if leucocytosis

K500I1 CM/SM-familial type (< 1%)
A533D*t CM-familial type (< 1%)

*So far only reported in children; Tdescribed as germ line
mutations; GIST, gastrointestinal stromal cell tumour.

Valent et al, Eur J Clin Invest 2007



WHO diagnostic criteria for SM

Major criterion

1. Presence of multifocal, dense mast cell infiltrates (>15 in aggregates)
in bone marrow or other extracutaneous organs

Minor criteria

1. >25% mast cells spindle-shaped or with abnormal morphology in
bone marrow or other extracutaneous organs.

2. Detection of c-kit point mutation at codon 816 in bone marrow,
blood or extracutaneous organs

3. Mast cells that coexpress CD117 with CD2 and/or CD25, in bone
Marrow or extracutaneous organs

4. Persistent increased serum total tryptase level (>20 ng/ml)

Major + 1 minor OR 3 minor criteria




TABLE 1 | WHO 2016 mastocytosis classification.

1. Cutaneous mastocytosis
a. Urticaria pigmentosa or maculopapular cutaneous mastocytosis
b. Diffuse cutaneous mastocytosis
c. Solitary mastocytoma of skin

2. Systemic mastocytosis
a. Indolent systemic mastocytosis
b. Smoldering systemic mastocytosis
c. Systemic mastocytosis with an associated hematological neoplasm *
d. Aggressive systemic mastocytosis
e. Mast cell leukemia

3. Mast cell sarcoma

*SM-AHN:
CMML, MDS, MPN, MDS/MPN, AML, rarely CLL or MM



Diagnostic algorithm for systemic mastocytosis

Serum tryptase level
Bone marrow biopsy:
-Tryptase and CD25 immunohistochemistry
-Flow cytometry for MC CD25 expression if IHC
indeterminate
Molecular testing for KITD816V mutation (bone marrow, blood
or other lesional specimen)
FIP1L1-PDGFRA screening if eosinophilia present— bone
marrow or blood

\’

WHO criteria for SM met

\’

WHO criteria for associated hematological neoplasm satisfied?
/ NO

YES \
>20% MC on BM l,

l, aspirate smear No C-findings
SM-AHN ‘L C-nnilngs \l,
MCL ISM

(SSM: =2 B-findings)
ASM

Pardanani et al, Am J Hematol 2021



“B” findings (« Borderline Benign »)

“C” findings (« Consider Cytoreduction »)

1. BM biopsy showing >30%
infiltration by MC (focal, dense
aggregates) and/or serum total
tryptase level >200 ng/mL

2. Signs of dysplasia or
myeloproliferation, in non-MC
lineage(s), but insufficient criteria
for definitive diagnosis of a
hematopoietic neoplasm (AHN),
with normal or slightly abnormal
blood counts.

3. Hepatomegaly without
impairment of liver function,
and/or palpable splenomegaly
without hypersplenism, and/or
lymphadenopathy on palpation or
imaging

1.

Bone marrow dysfunction manifested
by one or more cytopenia(s)

(ANC < 1.0 x 10%L, Hb < 10 g/dL,
or platelets < 100 x 10%/1), but no
obvious non-mast cell hematopoietic
malignancy.

. Palpable hepatomegaly with

impairment of liver function, ascites,
and/or portal hypertension.

Skeletal involvement with large
osteolytic lesions and/or pathological
fractures.

. Palpable splenomegaly with

hypersplenism.
Malabsorption with weight loss due to
gastrointestinal mast cell infiltrates.

BM, bone marrow; MC, mast cell; ANC, absolute neutrophil count; Hb, hemoglobin.



Survival in SM

o
=
— |SM, (n=159)
— ASM, (n=41)
=~ AHD, {(n=138)
=) — MCL, (n=4)
o] —  Expected US Survival

60

Survival

40

T T T
0 10 20 30

Years from Dx 010ct08

Lim KH et al, Blood 2009



Treatment of SM

* Indolent SM (and SSM)

- Improve quality of life

- Symptom-directed treatment

- Multidisciplinary approach (dermatologist, allergologist, rhumatologist)

* Advanced SM (ASM; SM-AHN; MCL)
- Improve survival

- Cytoreductive therapies

- Hematologist



ISM (and SSM) Management

» Avoidance of known triggers

» Treating mediator-related symptoms

Pardanani A. Blood 2013



Pruritus, flushing

Abdominal cramps,
diarrhea, vomiting,
nausea

Headache, cognitive
impairment, depression

Recurrent hypotension

1st line
2 line
3rd line
4th line

1st line

2nd [ine

3rd line

1st line

2nd |ine

1st line

2nd |ine

3rd/4th line

Anti H1

Anti leukotrienes
AINS / PUVA
Omalizumab

Anti H2

PPI

Sodium cromolyn
/corticosteroids

Anti H1,
Anti H2,
Antileukotrienes

SSRI

Anti H1,
Anti H2,
Antileukotrienes

Corticosteroids

Omalizumab /
Cytoreduction

Levocetirizine 5 mg 1-4x
Montelukast 10 mg 1x
Aspirin

Cimetidine 400 mg 2x
Famotidine 10 mg 2x

Pantoprazole 40 mg 1x

100 — 200 mg 30 min bef meals
Prednisone 0.5-1 mg/kg

Escitalopram 10 mg

adapted from Pardanani A. Blood 2013



ISM (and SSM) Management

» Avoidance of known triggers
» Treating mediator-related symptoms

» Evaluation and treatment of allergy and anaphylaxis

Epipen® for all patients (2 if previous anaphylaxy)

Omalizumab (anti-IgE; Xolair®) if recurrent anaphylaxy
Life-long venom immunotherapy

> Evaluation and treatment of bone disease

1st line: Biphosphonates
2"d [ine: Denosumab
3rd line: Cytoreduction (IFN-a)

» Perioperative management

Pardanani A. Blood 2013



Table 4. Perioperative management of patients with indolent systemic mastocytosis (adapted from published reviews®*°%)

Principle

Timing

Specific measure

Multidisciplinary (anesthesia’hematology/allergy)

preoperative evaluation

Maintaining baseline symptom control

Premedications

Anaphylaxis treatment

Monitoring for breakthrough mast cell
degranulation symptoms (including
hypotension, bleeding)

2 wk prior to surgery

Morning of surgery and postoperatively

8 to 12 h and 1 h prior to surgery

Intra- and postoperatively

24-72 h postoperatively

Review strategies for avoidance of potential/
known provocative factors (eg, extremes of
temperature, pressure, friction) during surgery

Decide on anesthetic/analgesic medications:

1. Review prior drug exposure history and
anesthesia records for information on drug
tolerability

2. Lower-risk agents (preferred): inhalant
anesthetic agents (fluranes), fentanyl,
propofol, etomidate, ketamine, midazolam,
cis-atracurium, pancuronium, vecuronium

3. Higher-risk agents (avoid): morphine, codeine,
thiopental, succinyicholine, mivacurium,
rocuronium, atracurium, NSAIDS

Consider usefulness of skin/other allergy testing
for selecting anesthetic and analgesic agents

Continue daily antimediator treatment regimen if
feasible

Diphenhydramine, 25-50 mg PO/IV Ranitidine,
150 mg PO or 50 mg IV Montelukast, 10 mg PO
(optional) Prednisone, 60 mg (for higher-risk
cases)

Ensure preparedness to treat anaphylaxis at any
time (eg, epinephrine, IV corticosteroids)

Administer additional antihistamine agents and/or
corticosteroids as needed

NSAIDS, nonsteroidal anti-inflammatory drug; PO, by mouth; and 1V intravenously.

Pardanani A. Blood 2013



Treatment of Advanced SM
ASM / SM-AHN / MCL

* Clinical challenge: complex pathology, variable presentations
* AHN? Which component is responsable for the disease?

* Additional somatic mutations beyond KIT D816V?

* Slowly or rapidly progressing disease?

* High risk category?

* Transplant candidate?



Prognostic impact of mutations

70 patients SM D816V+

Gene Frequency (%)

TET2 47
SRSF2 43

ASXL1 29

. RUNX1 23
s JAK2 16
T N/KRAS 14
» coL 13
EZH2 10

IDH2 4

ETV6 4

U2AF1 4

SF381 3

Jawhar et al, Leukemia 2016



Prognostic impact of SRSF2/ASXL1/RUNX1

‘—L._I

= 0 mutated gene
1 mutated gene

= > 2 mutated genes

P =.001
HR 8.3 [1.8-38.2]
— P=.04
 HR 2.6 [1.1-6.2] |

—=—P < .0001
HR 16.5 [3.6-76.9]

da

1.0 4

bioA

0.8 7 =~ () mutated gene 0.8 =
-~ = > 1 mutated genes
[
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Figure 3. Kaplan-Meier estimates of OS of patients depending on

the number of mutated genes in the SRSF2/ASXL1/RUNX1 (S/A/R)
panel. Pairwise significantly different OS probabilities were observed
for the comparison (a) 0 (blue line, n=25) vs > 1 (red line, n=45)
mutated genes in the S/A/R panel and (b) 0 mutated gene (blue line,
n=25) vs 1 mutated gene (yellow line, n=27) vs > 2 mutated genes
(red line, n=18) in the S/A/R panel. The HR is presented together
with the 95% Cl.

4 6 8 10 12 14

Time (years after diagnosis)

Jawhar et al, Leukemia 2016



Additional somatic mutations

Appearance
before the KIT
p.D816V
mutation in

Affected hematopoietic

gene lines Frequency” Prognostic impact

TET2 Yes AdvSM+: +++  Controversial'*

SRSF2 Yes AdvSM: +++ S/A/R panel =>

ASXLI Yes AdvSM: ++ pooOr prognosis
ISM/SSM: + and decreased OS™

RUNX1 Unknown AdvSM: +

SF3BI Unknown AdvSM: *= Decreased survival,

U2AF1 Unknown AdvSM: = especially in

CBL Unknown AdvSM: + patients with
ISM/SSM: = multiple mutations

N/KRAS Yes AdvSM: ++ (reviewed in

DNMT3A Unknown AdvSM: *+ Bibi et al'® and
ISM: + Nedoszytko et al™)

ETV6 Unknown AdvSM: *+

EZH?2 Unknown AdvSM: =

SETBPI Unknown ISM/SSM: +

JAK2 Unknown AdvSM: *+

BCR-ABL!I  Unknown AdvSM: *+

IDH?2 Unknown AdvSM: *=

SSM, Smoldering SM.

*+: <5% of patients studied; +: 5%-10% of patients studied; ++: 10%-20% of
patients studied; +++:> 20% of patients studied.

TAdditional mutations are more often found in SM-AHN than in ASM and MCL.

Arock et al. J Allergy Clin Immunol 2022



Prognostic scoring systems in SM

REMA (for ISM) IPSM
oS PFS Nonadvanced Advanced
WHO (advSM) +
Age =60y + + + =
Anemia, g/dL
=10 +
=11 + +

Thrombocytopenia, x 10°/L

<100 B + =
<150 +

Leukocytosis, x 10°/L
=16 +

Increased serum markers

Baseline serum tryptase + +
B2-microglobulin - +
Alkaline phosphatase - S +

Genetics
BM KIT D816V VAF =1% +
Additional somatic mutations | + (A/R'D) | + (A/R'D) | + (AR/NRAS) + (S/A/R | + (S/A/RID)

Adapted from Muiaz-Gonzalez and Orfac® with permission.
A, ASXL1; D, DNMT3A; GPS, global prognostic scoring system; R, RUNX1; S, SRSF2.

Reiter A. et al, Blood 2020



Treatment options in Advanced SM

> Interferon-a

» Cladribin or 2-CdA (2-chlorodésoxyadénosine)



Interferon alpha

e 20 - 30% of major response

* Indications:
Slow progressive forms of advSM
ISM with osteoporosis refractory to biphosphonates

* Optimal dose and duration of IFN-a therapy still unknown
(typically 1 to 5 MU SC 3x/week) +/- prednisone

* Toxicities:

qu like sy OIptoms bone pain, fever, cytopenias, depression, and
hypothyroidism

Pegylated form better tolerated

* Not reimbursed in Belgium; access difficulties



Cladribin or 2-CdA

* ORR: 50 -72%
* For rapidly progressive disease if rapid debulking is needed
* 0,14 mg/kg/d for five days (SC or 1V), 1 to 9 cycles

* Toxicities:
immunosuppression and lymphopenia, opportunistic infections



Treatment options in Advanced SM

» Interferon-a
» Cladribin or 2-CdA (2-chlorodésoxyadénosine)

» Tyrosine kinase inhibitors
Imatinib



Imatinib (Glivec®)

* Only for KIT wild-type SM variants or harboring rare KIT mutations
sensitive to imatinib

* No inhibition of KIT D816V mutation

 PDGFR mutations (FIP1L1-PDGFRA rearrangement)

* 100 — 400 mg/d



Treatment options in Advanced SM

» Interferon-a
» Cladribin or 2-CdA (2-chlorodésoxyadénosine)

» Tyrosine kinase inhibitors
Imatinib
Midostaurin

Midostaurin




Phase Il Trial of Midostaurin in AdvSM

N=116 patients
Midostaurin 200 mg /d

Adv SM ASM SM-AHN MCL
N=289 N=16 N=57 N=16

ORR (MR+PR) 60% 75% 58% 50%
DOR (months) 24.1 NR 12.7 NR
Fup26m

OS (months) 28.7 NR 20.7 9.4

Gotlib J, N Engl ] Med, 2016



Midostaurin Phase Il trial: Safety

Any Grade Grade 3 or 4
Event (N=116) (N=116)
Nonhematologic adverse events
— no. (%)*

Nausea 92 (79) 7(6)

T i i 22% discontinued for adverse events

Diarrhea 63 (54) 9 (8)

Peripheral edema 40 (34) 5 (4)

Abdominal pain 33 (28) 4(3)

Fatigue 32 (28) 11 (9)

Pyrexia 31 (27) 7 (6)

Constipation 28 (24) 1(1)

Headache 27 (23) 2(2)

New or worsening hematologic abnor-

malities — no./total no. (%)
Neutropenia

Anemia

Thrombocytopenia

56/116 (48)
73/116 (63)
60/115 (52)

28/116 (24)
48/116 (41)
33/115 (29)

Gotlib J, N Engl ] Med, 2016



Efficacy and safety of midostaurin in patients with advanced
systemic mastocytosis: 10-year median follow-up of a phase 1l
trial

SM-AHN MCL
N=17 N=6

ORR (MR+PR) 69% 33% 76% 67%
OS (months) 40 NR 40 18.5
Median PFS

41
(months)

De Angelo DJ, Leukemia 2018



Midostaurin (Rydapt®)

* FDA approved for Adv SM in adults
* Not yet reimbursed in Belgium

* No clear consensus on treatment sequence
- First line

- Salvage therapy

- Maintenance after ASCT

- ISM/SSM with severe refractory symptoms



Treatment options in Advanced SM

» Interferon-a
» Cladribin 2-CdA (2-chlorodésoxyadénosine)

» Tyrosine kinase inhibitors
Imatinib
Midostaurin
Avapritinib (BLU-285) BLU-285 Midostaurin




EXPLORER Study (Phase I)
Avapritinib in AdvSM - Efficacy

Table 3 | Overall response rates by centrally adjudicated mIWG-MRT-ECNM response criteria

Best confirmed response By AdvSM subtype All AdvSM, by All AdvSM, by prior

by mIWG-MRT-ECNM midostaurin history therapy history

criteria, 1 (%) Al ASM(n=3) SM-AHN  MCL Prior Midostsurin  Anyprior  Noprior
AdvSM (n=37) (n=13) midostaurin naive (n=36) therapy therapy
(n=53) exposure (n=32) (n=21)

—~ (n o= 17)

ORR @ 3(100) 28 (76) 9(69) 10 (59) 30 (83) 22 (69) 18 (86)

(CR+CRh+PR+CD),

n (%)

95% CI 62-86 29-100 59-88 39-9 33-82 67-94 50-84 64-97

Median DOR 38 months
Better response if midostaurin naive
No significant difference between S/A/R positive (ORR 77%) and S/A/R negative (74%)
OS at 24 months: 76% for all Adv SM
100% for ASM
67% for SM-AHN
92% for MCL

De Angelo DJ et al. Nat Med 2021



EXPLORER Study (Phase I)
Avapritinib in AdvSM - Safety

Table 2 | Adverse events
All patients (n=86) AdvSM safety
population (n=69)
Any Grade>3 Any Grade>3
grade grade

Non-hematologic AEs in >15% patients, n (%)
Perforbital ederma 59(69) 2¢2) 45(65) 1Q)
Diarrhea 39@s) 1) 30(43) O
Nausea 38(44) 3(3) 29(42) 3@
Fatigue 351 B 24(35) 700)
Peripheral edermna 3440) O 3@s) 0
Vomiting 31(36) 4(5) 22(32) 3@
Arthralgla 24(28) 303 18(26) 2Q3)
Halr color changes 22(26) 1QD 1309 1)
Decraasad appetite 20(23) 1) 15(22) 1)
Meamory Impalrment 20 (23) 0 14¢20) 0
Dizziness 19(22) 2 420 1)
Constipation 19¢22) 1) 4@ 1
Abdominal pain 19(22) 1) 1309 0
Headache 182 1) 1 Q&) 1)
Hypokalemia 1B () 3(3) 140) 23
Upper respiratory tract 16 09) 1) 1207) 101

infection

Dysgeusia 16(9) 0
Pruritus 16(19) 0
Dyspnaa 15(17) 0
Epistaxis 14 (6) 0
Pain In extremity 14 (6) 0
Cough 14 (16) 0
Cognitive disorder 13(15) 1)
Hypoesthesia 13(15) 0
Insomnia 13(15) 1)
Urinary tract Infection 13015) 1Q)
Hematologic AEs > 15% patients, n (%)

Anemia 47 (55) 26 (30)
Thrombocytopenia 33(44) 29(34)
Neutropenia 17(20) 13Q15)

10 Q4)
nQ6)
12Q07)
1309
12Q07)
10 (4)
8Q2)
8Q2)
10Q4)
9Q3)

40 (58)
35(51)
15(22)

- O 0O 0O OO0 O

a

2(3)
1)

25 (36)
28 (4a1)
13(9)

Generally well tolerated

| 6/80 patient (8%) non traumatic intracranial

bleeding

Protocol modified: strict platelet control
Not recommended if plat < 50.000/ul

De Angelo DJ et al. Nat Med 2021



PATHFINDER Study (Phase I1)
Avapritinib in AdvSM - Interim analysis

Table 2 | Response rates by adjudicated mIWG-MRT-ECNM response criteria

Best confirmed response, All AdvSM AdvSM subtype Previous therapy Previous midostaurin
m %) (n=32)  “asm SM-AHN MCL Yes No Yes No
(n=2) (n=26) (n=4) (n=23) (n=9) (n=17) (n=15)
ORR (CR+CRh + PR+CI) Q_::y 2 (100) 21(81) 1(25) 17 (74) 7 (78) 14 (82) 10 (67)
95% Confidence interval 57- 16-100 61-93 1-81 52-90 40-97 57-96 38-88

e Study is ongoing
* Optimal starting dose: 200 mg/d

e Supported the results from the previous study

* Most frequent grade 3-4 AE: neutropenia (24%), thrombocytopenia (16%) and anemia (16%°
* Only one intracranial bleeding in one patient with grade 3 thrombocytopenia

Gotlib et al. Nature Medicine 2021



PIONEER Study (phase Il)

Avapritinib in moderate to severe ISM - Ongoing study

* Randomised Double-blind, placebo-controlled phase 2 study
 Safety comparable with placebo, no grade 3 AE
* Reduction in total symptom score at 24 w: 60% (vs 0% placebo)

* Dosage for part 20of the study = 25 mg/d



Treatment options in Advanced SM

» Interferon-a
» Cladribin 2-CdA (2-chlorodésoxyadénosine)

» Tyrosine kinase inhibitors
Imatinib
Midostaurin
Avapritinib (BLU-285) BLU-285 Midostaurin

» Investigational treatments




Investigational treatments

* Ripretinib (DCC-2618)
* BLU-263

HARBOR Study: for ISM/SSM with severe symptoms
open at UZ Antwerpen (Pr V. Sabato)

e Bezuclastinib (CGT9486)



Treatment options in Advanced SM

» Interferon-a
» Cladribin 2-CdA (2-chlorodésoxyadénosine)

» Tyrosine kinase inhibitors
Imatinib
Midostaurin
Avapritinib (BLU-285) BLU-285 Midostaurin

» Investigational treatments

» AlloHSCT




Allogeneic HSCT?

* Low numbers of patients who underwent transplantation
and lacking prospective trials

* The largest retrospective study involves 57 patients with SM
3-year OS : 57% for all patients

74% for SM-AHN
43% for ASM
17% for MCL

* Changing in the TKI era...

Ustun et al, J Clin Oncol 2014



Indolent/smouldering SM

Avoid triggers of MC degranulation

(e.q., aspirin, narcotics, alcohol, contrast dye, anesthetics)

Symptoms of MC degranulation

(symptom burden assessmert, treatment options include
epinephrine, corticosteroids, histamine H1/H2-blockers,
sodium cromolyn, leukotriene inhibitors, topical agents,
aspirin, ketotifen, omalizumab, MC cytoreductive

therapy considered in severe/refractory cases)

Osteoporosis/osteopenia
(Bone mineral density assessment, calcium &
vitamin D supplementation, bisphosphonates,

denosumab, interferon-a, vertebroplasty/Kyphoplasty)

Treatmentalgorithm for systemic mastocytosis

Aggressive SM

Clinical trial
(potent, selective mutantKIT inhibitor—
e.g., avapritinib)

Midostaurin or Cladribine
(Cladribine preferred ifrapid MC
debulking is indicated, midostaurin role
as maintenance post-transplant?)

Imatinib
(eosinophilia with FIP1L1-PDGFRA or
KITD816V-negalive)

Interferon-a
(pegylated forms likely befter tolerated,
withAvithout prednisone)

SM-AHN

Integrate clinical, histologic, and
molecular data to assess which
disease component (i.e., SM or AHN)
warrants immediate treatment

For aggressive AHN (with low-burden
or incidentally discovered SM)

(e.q., AML or poor-risk CMML — treat the AHN
as per standard of care, e.q., allogeneic

stemn cell transplantfor AML, with symptom
management of SM as indicated)

For SM causing organopathy (with
indolent AHN)

(treat as aggressive SM, indolent AHN

such as PV or ET - observation ortreatment

Perioperative management as per standard of care)

(refer to specializedtexts, consult with anesthesia
and surgical teams, review prior anesthetic records,
use ‘safer’ agents)

Allogeneic stem cell tr ansplant
(refractory/relapsed disease) Disease progression

(re-stage to assess dominant component

of progression—SM vs. AHN, appropriate

Salvage therapy including allogeneic stem

celltransplant as indicated, molecular

assessment may guide targeted therapy)

Clinical trial
(potent, selective mutant KIT inhibitor—
e.g., avapritinib)

FIGURE 6 Algorithm for the treatment of systemic mastocytosis

Pardanani et al, Am J Hematol 2021



For SM-AHN?

Morphology
Evaluation &

NGS Screen

SM-AHN —>»

KIT
Inhibitor

Arm 1:
MDS

Arm 3:
MDS/MPN

a) del(5q)

b) MDS-RS (SF3B1%)
c) MDS-EB1 or EB-2
d) Other

a) CMML
b) Atypical CML
c) MDS/MPN-U

a) FLT3*
b) IDH1*
c) IDH2*
d) CD33*
e) Other

R’

Lenalidomide

Luspatercept

HMA (azacitidine, decitabine)
ESA

HMA (azacitidine, decitabine)
HMA (azacitidine, decitabine)
HMA (azacitidine, decitabine)

Midostaurin, gilteritinib
Ivosidenib
Enasidenib

Gemtuzumab ozogamicin
Venetoclax + HMA or LDAC
standard (7+3); CPX-351

Reiter A. et al, Blood 2020




Conclusions - 1

* Mastocytosis is a rare and heterogenous disease requiring precise
diagnosis and classification, a multi-disciplinary approach and
personalized treatment.

* In ISM, diagnosis can be challenging, especially if no skin lesions.
Think about it in case of unexplained anaphylaxis or osteoporosis,
even if tryptase levels < 20 ng/ml.

* Treatment of ISM aims to improve quality of life by controlling MC
mediators symptoms.

e Studies ongoing for TKl in indolent forms.
| HARBOR Study (BLU-263): UZ Antwerpen



Conclusions - 2

* The development of KIT-blocking tyrosine kinase inhibitors has
increased overall survival rates among patients with advanced SM
and has become a treatment paradigm

 SM-AHN remains a challenge for precise diagnosis and management

* A better understanding of the role of additional somatic mutations
should provide better prognoses, open up new treatment options,
and optimize the use of ASCT
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Thank you for your attention!



