Clinical Commentary Review

Refined Treatment Response Criteria for Indolent e
Systemic Mastocytosis Proposed by the ECNM-AIM
Consortium

Polina Pyatilova, MD®®, Cem Akin, MD, PhD®, Ivan Alvarez-Twose, MD, PhD®, Michel Arock, PharmD, PhD®,

Patrizia Bonadonna, MD', Knut Brockow, MD?, Joseph H. Butterfield, MD", Sigurd Broesby-Olsen, MD'%,

Melody C. Carter, MD*, Mariana Castells, MD, PhD', Tracy |. George, MD™, Jason Gotlib, MD, MS",

Georg Greiner, MD, PhD°"-9, Theo Giilen, MD, PhD"*, Karin Hartmann, MD"", Olivier Hermine, MD, PhD",

Hans-Peter Horny, MDY, Mohamed Jawhar, MD*, Magdalena Lange, MD, PhD", Jonathan J. Lyons, MD?,

Marcus Maurer, MD?®, Dean D. Metcalfe, MD, MS*, Boguslaw Nedoszytko, PhD**"°, Marek Niedoszytko, MD, PhD°°,
Alberto Orfao, MD, PhD®?, Andreas Reiter, MD", Juliana Schwaab, MD", Karl Sotlar, MD®®, Wolfgang R. Sperr, MD°",
Massimo Triggiani, MD, PhD%, Peter Valent, MD°", and Frank Siebenhaar, MD*"  Berlin, Munich, Mannheim, Germany;
Ann Arbor, Mich; Toledo, Salamanca, Spain; Paris, France; Verona, Salerno, Italy; Rochester, Minn; Odense, Denmark; Bethesda, Md;
Boston, Mass; Salt Lake City, Utah; Stanford, Calif; Vienna, Salzburg, Austria; Stockholm, Sweden; Basel, Switzerland; and Gdansk,

Poland

Indolent systemic mastocytosis (ISM) has a favorable prognosis
and normal life expectancy. However, many patients suffer from
mast cell (MC) mediator-related symptoms, which significantly
affect quality of life (QoL). Cutaneous, gastrointestinal, and
neurological complaints, musculoskeletal pain, and the presence
of skin lesions, anaphylaxis, and osteoporosis are the main
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symptoms and signs in ISM and must be assessed in all patients
before and during treatment. Validated mastocytosis-specific
patient-reported outcome measures (PROMs) should be used for
this purpose. Serum tryptase and KI7T D816V allele burden are
recommended as secondary outcome parameters, noting that
they do not reflect the severity of signs, symptoms, and related

"Department of Biomedicine, University Hospital Basel and University of Basel,
Basel, Switzerland

“Imagine Institute Université de Paris, Sorbonne, INSERM U1163, Centre national
de référence des mastocytoses, Hopital Necker, Assistance publique hopitaux de
Paris, Paris, France

“nstitute of Pathology, Ludwig Maximilians University, Munich, Germany

*Department of Hematology and Oncology, University Hospital Mannheim, Man-
nheim, Germany

YDepartment of Dermatology, Venereology and Allergology, Medical University of
Gdansk, Gdansk, Poland

“Translational Allergic Immunopathology Unit, Laboratory of Allergic Diseases,
NIAID, NIH, Bethesda, Md

“Department of Dermatology, Venereology and Allergology, Medical University of
Gdansk, Gdansk, Poland

®®Invicta Fertility and Reproductive Centre, Molecular Laboratory, Gdansk, Poland

““Department of Allergology, Medical University of Gdarnsk, Gdansk, Poland

dd8ervicio General de Citometria, Centro de Investigacion del Cancer (IBMCC CSIC/
USAL) Instituto Biosanitario de Salamanca (IBSAL), CIBERONC and Depart-
ment of Medicine, University of Salamanca, Salamanca, Spain

“Institute of Pathology, University Hospital Salzburg, Paracelsus Medical Univer-
sity, Salzburg, Austria

ffDepartmem of Internal Medicine I, Division of Hematology and Hemostaseology,
Medical University of Vienna, Vienna, Austria

£Division of Allergy and Clinical Immunology, University of Salerno, Salerno, Italy

M. C. Carter, J. J. Lyons, and D. D. Metcalfe were supported by the Division of
Intramural Research, National Institutes of Allergic and Infectious Diseases, and
National Institutes of Health. M. Niedoszytko was supported by the Medical
University of Gdansk grant 02-0141/07/231. P. Valent was supported by the
Austrian Science Fund (FWF) grant # P32470-B.

Conflicts of interest: C. Akin has received grant support from Blueprint and has
served as a consultant for Blueprint and Novartis. I. Alvarez-Twose is or recently
was a speaker and/or advisor for Blueprint Medicines and Novartis. M. Arock has
received research grants from Blueprint and honoraria from AB Science, Blueprint,
and Novartis. P. Bonadonna is or recently was a speaker and/or advisor for

2015


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2022.05.037&domain=pdf

2016 PYATILOVA ET AL

Abbreviations used
AIM- American Initiative in Mast Cell Disease
ASO-qPCR- Allele-specific quantitative polymerase chain reaction
BM- Bone marrow
BMD- Bone mineral density
CR- Complete response
ddPCR- Droplet digital polymerase chain reaction
ECNM- European Competence Network on Mastocytosis
GI- Gastrointestinal
HoT- Hereditary o-tryptasemia
ISM- Indolent systemic mastocytosis
ISM-SAF- Indolent systemic mastocytosis symptom assessment
form
MAS- Mastocytosis activity score
MC- Mast cell
MC-QoL- Mastocytosis Quality-of-Life Questionnaire MC-QoL
MQLQ- Mastocytosis Quality-of-Life Questionnaire MOQLQ
MR- Major response
MSAF- Mastocytosis symptom assessment form
NR- No response
PINP- N-terminal propeptide of type 1 collagen
PB- Peripheral blood
PR- Partial response
PROMs- Patient-reported outcome measures
QoL- Quality of life
SCORMA- Scoring mastocytosis index
sCTX- Cross-linked C-telopeptide of type 1 collagen
SM- Systemic mastocytosis
SSM- Smoldering systemic mastocytosis
WHO- World Health Organization

QoL impairment, but indirectly express MC burden.
Changes from baseline of 90%, 60%, and 30% indicate
complete response >90%, major response 60% to 90%,
partial response 30% to 60%, and no response <30% to
treatment. To conclude, we recommend the use of PROMs as
primary outcome parameters to define treatment response in
patients with ISM in clinical trials and in everyday clinical
practice. © 2022 Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology (J
Allergy Clin Immunol Pract 2022;10:2015-24)
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During the working conference on mast cell (MC) disorders
organized by representatives of the European Competence
Network on Mastocytosis (ECNM) and the American Initiative
in Mast Cell Disease (AIM) in Vienna in 2020, treatment
response criteria in indolent systemic mastocytosis (ISM) were
discussed. Two major aims were identified and addressed: (1) to
provide tools for the use by health care providers in daily practice
for the evaluation of treatment outcomes; (2) to define response
criteria to be used in clinical trials for assessing the efficacy of novel
treatment options in ISM. Experts involved in mastocytosis
management gave their feedback and shared their thoughts.
Finally, relevant tools and response criteria for everyday practice
and clinical trials were discussed and, based on published data,
expert opinion and experience from clinical trials in ISM,
consensus statements, and revised response criteria were prepared.

STATUS QUO
Definition, epidemiology, and prognosis of ISM
Systemic mastocytosis (SM) is a heterogeneous group of dis-
orders characterized by increased numbers and accumulation of
neoplastic MCs in various organs, including bone marrow (BM),
skin, spleen, lymph nodes, and gastrointestinal (GI) tract.'* ISM
is the most common SM subtype and affects around 90% of
adults with mastocytosis. The prognosis and survival in ISM are
favorable, with the risk of progression to advanced forms of SM
being less than 3% and up to 7% including smoldering SM
(SSM).”” Up to 95% of patients suffer from MC mediator-
related symptoms, which can significantly impact quality of life

(QOL).3,§,8»13

Clinical phenotypes, signs, and symptoms of ISM
Clinical manifestations of ISM are highly variable. The signs
of ISM include MC accumulation in the skin (typically associ-
ated with maculopapular cutaneous lesions) as well as other or-
gans and bone involvement (often associated with osteopenia,
osteoporosis, and rarely osteosclerosis). Among symptoms in
patients with ISM, the following are often recorded: skin
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symptoms (itching and flushing), GI symptoms (diarrhea,
abdominal cramping, nausea, and vomiting), musculoskeletal
pain, and neurological symptoms (fatigue/exhaustion, headache,
and cognitive dysfunction).zl*’ 14,15

Secondary osteoporosis and anaphylaxis are common features of
mastocytosis, and the latter comes with the risk of recurrent and
severe or even life-threatening events. Up to one-third of patients
with ISM are diagnosed with osteoporosis/osteopenia.'®** The
risk of anaphylaxis in ISM is much higher than in the general
population and varies from 20% to 56% of all patients, with
Hymenoptera insect venom being the most frequent trigger.””
Anaphylaxis is the most common sign in patients with ISM
without skin lesions, with up to 80% being at risk of severe

. 27,28
reactions.

Quality-of-life impairment

One-third of patients with ISM exhibit moderately or severely
impaired QoL, and only 30% of patients report no impairment
in their QoL.”””" ISM affects the private and social life of pa-
tients and their performance in school or at work. In many pa-
tients, symptoms do not allow for social activities, and patients
fear the onset of signs and symptoms, which is often unpre-
dictable. In addition, patients are concerned about the lack of
expert knowledge and treatment they may face when consulting
their physicians.” Flushing, diarrhea, fatigue, and fear of
anaphylaxis were reported to be among the most frequent causes
of QoL impairment.'”>"*

Patient-reported outcome measures for ISM

Several patient-reported outcome measures (PROMs) for
assessing the symptom burden and disease-specific QoL in pa-
tients with ISM have been developed. Some of them have been
translated and validated in different languages, making them
available and easy to use all around the globe. Because of the lack
of yet available effective treatment options, clinimetric validation
of the available tools has not been completed. Thus, minimal
clinically important difference, that is, the smallest change that
patients perceive as beneficial, has not yet been defined for most
of these instruments. However, this is expected to change by
upcoming results of clinical trials with novel tyrosine kinase
inhibitors.

Laboratory values

The KIT D816V mutation is the driver of the disorder and
can be identified in both peripheral blood (PB) and BM in more
than 90% of patients with typical ISM.”"* A strong correlation
between mutation burden in PB and BM has been reported,
highlighting the diagnostic value of the former, when highly
sensitive techniques, that is, allele-specific quantitative poly-
merase chain reaction (ASO-qPCR) or droplet digital polymerase
chain reaction (ddPCR), are applied. The median burden of KIT
D816V-mutated cells in ISM has been reported as 0.6% and
0.3% in BM and PB, respectively.34 However, no link between
KIT D816V mutation burden and clinical signs or symptoms of
ISM was identified.”*

The basal serum tryptase level is the most frequently applied
marker for the diagnosis and monitoring of ISM, with a median
value of 35 ng/mL (interquartile range: 8.9-183 ng/mlL) recently
assessed in a large cohort.”” Several studies have reported a strong
correlation between serum tryptase levels and K77" D816V allele
burden, but not with sign and symptom severity.”**>*” Both
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tests are commonly used in the diagnosis of ISM, assessment of
MC burden, and long-term monitoring of patients.38

Complete blood counts are usually within the normal range in
patients with ISM. In the rare case of eosinophilia, clonal
eosinophilia in terms of an associated hematologic neoplasm
should be excluded. However, in less than 5%, eosinophilia
might also be reactive and usually eosinophil counts do not
correlate with the severity of mediator-related symptoms or the
risk for anaphylaxis in these cases.””

Histological findings in ISM

BM biopsy with aspiration is an obligatory diagnostic pro-
cedure in ISM in accordance with the current World Health
Organization (WHO) criteria.” **” MC clusters (more than 15
M(Cs), atypical (spindle-shaped and/or immature) morphology of
MGCs, and/or aberrant expression of certain cell surface markers,
such as CD25 4 CD2 in MCs, are established diagnostic criteria
of SM in BM.”* The MC burden in BM of patients with typical
ISM is low, usually less than 5% to 10% in tryptase-stained BM
biopsy sections (and less than 1% in BM aspirate smears). BM
investigation is the key procedure to exclude advanced forms of
SM, including aggressive SM, SM with an associated hemato-
logical neoplasm, and MC leukemia.”"*’ Repeated BM in-
vestigations are not reasonable for monitoring or assessing
symptom burden in patients with ISM.

Histological evaluation of skin lesions, when present, can
support the diagnosis of mastocytosis.”*”*" In a subset of pa-
tients, MC numbers in lesional skin are increased up to 8-fold
compared with healthy skin. However, MC numbers vary sub-
stantially from patient to patient and are comparable to healthy
controls in some patients with ISM.*" The site of skin biopsy
plays an important role as peripheral skin sites exhibit higher MC
numbers.”” Specific tissue staining procedures are needed to
visualize MCs including metachromatic staining by Giemsa or
toluidine blue as nonspecific techniques to detect MCs.">*" In
recent years, specific immunohistochemical staining by anti-
tryptase antibody became the most commonly used technique
for the evaluation of tissue MCs.*”*" Tryptase is the preferable
marker to be used to assess dermal MC numbers, whereas CD25
expression, a marker of atypical neoplastic MCs, is inconsistently
expressed in lesional skin MCs of patients with ISM.

When GI symptoms are present, a biopsy of the GI tract can
be helpful. CD117 is the preferred marker as tryptase is typically
dim to negative in GI biopsies. Colon, ileum, and duodenum are
the most frequently affected gut sites in patients with mastocy-
tosis.”> As in the skin, the number of tissue MCs is highly var-
iable and does not correlate with the organ-specific symptom
burden. It is also worth noting that accumulations of tissue MCs
can also be detected in various inflammatory disorders or genetic
conditions.

WHAT TO ASSESS IN PATIENTS WITH ISM
Assessment of disease symptoms in ISM

The symptoms to be assessed in patients with ISM are as
follows (Table I): (a) skin (itching and flushing); (b) GI
(diarrhea, abdominal pain/cramping, and nausea/vomiting);
(c) musculoskeletal pain; and (d) neurological (fatigue/exhaus-
tion, headache, brain fog/difficulty concentrating, and dizziness);
(e—optional) others (eg, palpitations).””'” Three PROMs were
developed for the evaluation of symptoms in patients with ISM,
the mastocytosis symptom assessment form (MSAF), the
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TABLE |. Parameters to be assessed in indolent systemic mastocytosis and available tools for treatment response monitoring

Method to use/available

Parameter PROM Result
Symptoms Skin symptoms MAS, ISM-SAF Domain score
Itching MAS, MSAF, ISM-SAF Intensity of each symptom
Flushing MAS, MSAF, ISM-SAF Intensity of each symptom

Gastrointestinal symptoms
Diarrhea
Abdominal cramping
Muscle/joint pain
Neurological symptoms
Fatigue/exhaustion
Headache
Difficulty concentrating
Other palpitations
Disease activity/burden
Quality of life

Signs Skin lesions

Anaphylaxis

Osteoporosis/osteopenia/fractures

Laboratory values Tryptase in serum

KIT D816V mutation

Optional: TPSABI gene
Hepato- and/or splenomegaly and/or
lymphadenopathy

Organomegaly

Histological findings in bone marrow (skin, gastrointestinal tract—if applicable)

MAS, ISM-SAF
MAS, MSAF, ISM-SAF
MAS, MSAF, ISM-SAF
MAS, MSAF, ISM-SAF

Domain score
Intensity of each symptom
Intensity of each symptom
Intensity of the symptom

MAS, MSAF, ISM-SAF
MAS, MSAF, ISM-SAF
MAS, MSAF, ISM-SAF

Intensity of each symptom
Intensity of each symptom
Intensity of each symptom

MSAF Intensity of each symptom

MAS, MSAF, ISM-SAF Total score
MC-QoL None/mild/moderate/severe
MQLQ None/mild/moderate/severe

Are lesions present? Yes/no

Area affected % of lesional skin surface
Assess the number and color

intensity of lesions

Standardized photographs
(computed image

analyses)
History of anaphylaxis Yes/no
DXA or magnetic resonance Yes/no
imaging
BMD of at least lumbar spine T- and Z-scores
and femur
Alternative: sCTX, PINP ng/mL
ImmunoCAP ng/mL
ASO-qPCR or ddPCR in PB %
ASO-gPCR or ddPCR in BM %

(when BM biopsy or
aspiration is performed)

ddPCR in PB Copy number
Sonography Organ size
Biopsy % MC infiltration; compact

MC infiltrates; atypical
MC morphology;
aberrant expression of
CD25 (and/or CD2 and/
or CD30);
dysmyelopoiesis

ASO-qPCR, Allele-specific quantitative polymerase chain reaction; BM, bone marrow; BMD, bone mineral density; ddPCR, droplet digital polymerase chain reaction; DXA,

dual-energy x-ray absorptiometry; ISM-SAF, indolent systemic mastocytosis symptom assessment form

4990 MAS, mastocytosis activity score;'” MC, mast cell; MC-QoL,

Mastocytosis Quality-of-Life Questionnaire MC-QoL;*° MOLQ, Mastocytosis Quality-of-Life Questionnaire MOQLQ;'* MSAF, mastocytosis symptom assessment form;'*
PINP, aminoterminal propeptide of type 1 collagen; PB, peripheral blood; PROM, patient-reported outcome measure; sCTX, cross-linked C-telopeptide of type 1 collagen.

mastocytosis activity score (MAS), and the ISM symptom
assessment form (ISM-SAF). All 3 underwent psychometric
evaluation, show high reliability and validity, and are of great
value in clinical trials.

The MSAF consists of 14 items, that is, pruritus, dizziness,
headache, fatigue, flushing, mediator-release attacks, dyspnea,
thinorrhea, palpitations, nausea and vomiting, abdominal pain,
bone pain, concentration problems, and depression. A separate
part of the questionnaire identifies the impact of fatigue on
everyday life. The tool was developed and validated in the Dutch
language.14

The MAS is a 9-item tool with a 3-domain structure (skin,
GI tract, and other symptoms).ls It is available in German as
well as the American English language and is currently being
translated and adopted to several other languages. The MAS is
recommended to be completed by patients for at least 7
consecutive days, preferably 14 days, to obtain robust data on
disease activity and symptom severity. Mean total scores of 2.9,
11.0, 28.1, and 42.4 were seen in patients who self-reported no,
mild, moderate, and severe disease activity, respectively; these
values can be used and being helpful to interpret the results of

the MAS.
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The recently published ISM-SAF is a 12-item tool, which was
successfully used in patients with ISM undergoing treatment
with a selective KIT inhibitor. The ISM-SAF was developed by
Adelphi Values and Blueprint Medicines and has been translated
and linguistically validated in English and other languages to be
used in multicenter clinical trials.”””" Total score or separate
scores for skin and GI domains are assessed over a minimum
period of 7 days to reflect total disease and domain symptom
burden, respectively.

Apart from these PROMs, there are other simpler criteria for
assessing symptom burden that could be applied in daily practice.
One is a grading system provided by the EU/US consensus group. "’
In their proposal, skin symptoms and (other) mediator-related
symptoms are classified as grades 0, 1, 2, 3, and 4 based on the
need to introduce treatment, efficacy of therapy, and (the need to
recommend) hospitalization. This grading system has been validated
and is independent of patient reporting, but not widely used.

Assessment of quality of life in ISM

Two disease-specific QoL tools, the Mastocytosis Quality-of-
Life Questionnaire MC-QoL (MC-QoL) and the Mastocytosis
Quality-of-Life Questionnaire MQLQ (MQLQ), were devel-
oped according to the current recommendations for assessing
patient-reported outcomes and health-related QoL in clinical
trials, that is, these tools have undergone item generation, item
selection, and final validation (Table I),'*3*>1:>2

The MC-QoL is a 27-item questionnaire with a recall period
of 2 weeks that covers 4 domains: symptoms, emotions, social
life/functioning, and skin. Overall mastocytosis-related QoL
impairment is assessed by the total score and reflects none, mild,
moderate, and severe QoL impairment with cutoffs for the latter
three being 29, 50, and 71 points, respectively. Separate scores
for each domain can also be calculated. Originally developed and
validated in the German and American English languages, it is
now available in 34 culturally adapted versions free of charge for
academic noncommercial use (MOXIE, Berlin, Germany). The
MC-QoL is applicable for international clinical trials and
everyday clinical practice worldwide.”’

The MQLQ is a 49-item questionnaire, developed and vali-
dated in a Dutch population. It includes the role of mastocytosis
in 8 domains: fatigue and mental health, anaphylaxis, bone
symptoms, unfamiliarity (low awareness), flushing, general
symptoms, skin symptoms, and triggers."*

Assessment of signs of disease in ISM

Skin lesions. In ISM, skin lesions are maculopapular, reddish-
brown, of variable number, and usually symmetrically distributed
on the trunk and thighs.”’ Diagnostic criteria of cutancous
involvement in mastocytosis include typical lesions associated
with Darier’s sign (wheal-and-flare response of cutaneous mas-
tocytosis lesions due to mechanical irritation) as the major cri-
terion. Additional criteria are increased numbers of MCs in
lesional skin and the presence of an activating K/7" mutation in
lesional skin tissue.*' Of note, histological and immunohisto-
chemical findings in the affected skin areas of patients with ISM
can be difficult to interpret as MC numbers may only be slightly
increased or normal and as neoplastic MCs can hardly be iden-
tified. Both confluence and spontaneous disappearance of lesions
can indicate disease progression and should be assessed in com-
bination with other parameters of the disease.”””*
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Several scoring approaches were used in the past to assess skin
involvement in mastocytosis. For example, the SCORMA
(SCORing MAstocytosis) index was developed to assess the extent
of skin involvement and changes in lesions in combination with
subjective (patient-reported) symptoms.”” Brockow et al’® pro-
posed to evaluate the affected skin area with a technique that is
also used to assess burns. The percentage of lesional skin surface in
the most involved hand-sized area can also be assessed.”® These
scores are subjective and do not include the color intensity of the
lesions, but can be easily used in everyday practice. However, a
standardized and robust approach is needed to be applied in
clinical trials, such as computed image analysis (Table I).

Bone involvement. Osteoporosis, defined by the bone
mineral density (BMD) T-score of the lumbar spine and/or
femur —2.5 or less, is a common finding and seen in approxi-
mately 30% of patients with ISM (Table 1).”' No correlation
between serum tryptase levels and bone involvement was
observed in ISM.'® Thus, all patients with ISM should be
screened and monitored for osteoporosis. As a second step, other
reasons for bone impairment, including thyroid dysfunction and
osteomalacia, should be excluded. A 5-year follow-up showed
improvement in BMD and serum collagen C-telopeptide
(sCTX) Z-scores in patients with ISM under first-line treatment
with bisphosphonates.”” Several additional serum markers of
bone turnover, such as bone-specific alkaline phosphatase,
osteocalcin, C-terminal propeptide of type 1 collagen, N-termi-
nal propeptide of type 1 collagen (P1NP), cross-linked N-telo-
peptide of type 1 collagen, and tartrate-resistant acid phosphatase
5b, may be used to assess early response to treatment in ISM
patients with osteoporosis. Two of these markers, PINP and
sCTX, were recommended to be included in interventional
studies for disease monitoring and treatment response by the
International Osteoporosis Foundation.”® However, further
research is needed to better understand the etiology of skeletal
disease in mastocytosis and the role of serum markers of bone
formation and resorption.”

Anaphylaxis. The risk of anaphylaxis in ISM, predominantly in
patients with lower tryptase levels, is higher as compared with the
general population.”™ >****°* ISM patients with a history of
anaphylaxis are more likely to develop recurrent episodes and should
be monitored. The underlying mechanisms of anaphylaxis in mas-
tocytosis are not fully understood.'>°" Several triggers such as insect
venom, food, stress, exercise, temperature changes, infections, and
drugs were identified, with insect venom being the most common
one. In some patients with SM, an underlying IgE-dependent al-
lergy is detected.®”®* However, in many cases, the trigger remains
unknown. In asubset of patients with ISM, the presenting symptom
of disease is unprovoked anaphylaxis. These patients frequently do
not exhibit typical skin lesions of mastocytosis, and serum tryptase
values are often <20 ng/mL.°” Many factors may influence the risk
of anaphylaxis and its severity, including the exposure to specific
triggers or combinations of triggers, IgE-dependent and IgE-
independent (eg, MRXPRX2-dependent) pathways of MC activa-
tion, 7PSABI gene copy number encoding O-tryptase, and
gender.” Elevated venom-specific IgE levels can be detected, but
levels are often lower compared with sensitized non-mastocytosis
patients, which makes this parameter difficult to use for diagnosis
and monitoring.”” " The rate of a false-negative skin prick test also
may be high in certain patients with SM.”" Standardized uniformly
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TABLE Il. Recommended “to do” list for primary and follow-up ISM assessment in everyday practice and clinical trials for treatment

response monitoring

Primary investigation 1. Sign and symptom evaluation:

a. Anaphylaxis (yes/no, history of anaphylaxis, history of Hymenoptera stings)

b. Skin lesions (yes/no, standardized photographs™*)

c. Osteoporosis (yes/no, BMD of at least the lumbar spine and femur) Spontaneous fractures (yes/no, anamnesis)
d. Specific PROMs for symptom assessment at least 7 days, preferably 14 days, before intervention is applied*

e. Optional: TPSABI gene copy number

2. Specific PROMs for mastocytosis-associated quality-of-life impairment (quality of life for the last 2 weeks is being

assessed)

3. Laboratory values to assess baseline MC burden:

a. Serum tryptase level

b. KIT D816V mutation burden in blood and bone marrow (when BM biopsy or aspiration is performed)
4. Hepato- and/or splenomegaly, lymphadenopathy
5. Bone marrow evaluation, including KIT D816V mutation burden, for diagnostic purposes and MC burden assessment
6. Skin, gastrointestinal tract biopsies or other affected organ may be considered

Follow-up Primary outcome

1. Sign and symptom evaluation:

a. Anaphylaxis (when present before, yes/no)t
b. Skin lesions (standardized photographs*, percentage of affected area)
c. Osteoporosis (BMD at least 6 months after treatment initialization)
d. Use specific PROMs for continues symptom assessment under treatment (eg, MAS, MSAF, ISM-SAF)
2. Specific PROMs for mastocytosis-related quality-of-life assessment at predefined endpoints (eg, MC-QoL, MQLQ)

Secondary outcome

1. Laboratory values to assess MC burden response to treatment:

a. Serum tryptase level
b. KIT D816V mutation burden in blood

2. Hepato- and/or splenomegaly, lymphadenopathy
3. Follow-up bone marrow biopsies (skin, gastrointestinal tract—if applicable) could be considered (ie, presence of any B-

finding in BM at baseline)

BMD, Bone mineral density; ISM-SAF, indolent systemic mastocytosis symptom assessment form; MAS, mastocytosis activity score; MC, mast cell; MC-QoL, Mastocytosis
Quality-of-Life Questionnaire MC-QoL; MQLQ, Mastocytosis Quality-of-Life Questionnaire MQLQ; MSAF, mastocytosis symptom assessment form; PROMs, patient-reported

outcome measures.
*Applies for clinical trials only.

fInterpreted with caution due to the multifactorial pathogenesis of anaphylaxis; total and specific IgE may be considered to be measured, and specific novel biomarkers are

needed.

accepted grading systems and biomarkers for anaphylaxis severity are

missing, and tools for monitoring anaphylaxis are currently
; 72

unavailable.

Assessment of mast cell burden in ISM

Laboratory parameters. Serum tryptase level and a sensitive
and quantitative assessment of the K77 D816V mutation (pref-
erably by quantification of the allele burden by sensitive tech-
niques, such ASO-gPCR or ddPCR) are recommended to be
included in the diagnostic workup of all patients with ISM
(Table I). Tryptase levels of more than 20 ng/mL and the
presence of the activating K/7 D816V mutation are criteria of
SM and detectable in the majority of patients with ISM, whereas
lower tryptase levels do not exclude the disease.”””* The presence
of the KI7' D816V mutation results in uncontrolled MC growth
and accumulation in various organs. Both markers, serum tryp-
tase and K77 D816V mutation allele burden, show strong cor-
relation and reflect the overall MC burden in ISM.”>”* Of note,
KIT D816V allele burden is typically (very) low in ISM; thus,
high KI7 D816V allele burden in PB serves as an indication for
multilineage involvement and therefore also has important
prognostic value.”

Histological findings. Evaluation of MC numbers in
affected organs such as the skin, BM, and GI tract is of limited
value in ISM as compared with advanced forms of mastocytosis,

because they do not reflect or correlate with symptom burden
and severity.”® In everyday practice, BM evaluation should be
included in the diagnostic workup of all patients suspected to
have ISM (Table 1).>*7° In clinical trials, skin and/or GI tract
biopsies, if cutaneous lesions or GI symptoms are present, can be
additionally included in the diagnostic workup of patients with
ISM, especially when organ-specific treatment effects are ex-
pected or special research questions are addressed. Repeated bi-
opsies can serve to assess secondary treatment outcome
parameters. Whenever organ biopsies are performed, appropriate
immunohistochemical staining procedures with antibodies
against tryptase, KIT/CD117, and CD25 should be performed.
Tryptase and KIT/CD117 serve to assess the amount, distribu-
tion (compact MC infiltrates in extracutaneous tissues = major
diagnostic criterion for SM), and morphology (atypical MC
morphology >25% = minor diagnostic criterion for SM) of
MCs. An aberrant expression of CD25 also serves as a minor
diagnostic criterion for SM. In immunohistochemistry, CD25
has a higher sensitivity as compared with CD2 and CD30.”%""

RECOMMENDATIONS FOR ISM MONITORING IN
EVERYDAY PRACTICE AND CLINICAL TRIALS
Primary investigations

A BM investigation is part of the diagnostic workup in all
patients with suspected ISM according to the current WHO
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TABLE lll. Proposed grading and definition of treatment response
criteria

Grade
Complete response (CR)*

Definition

Improvement by >90%
Major response (MR)*
Partial response (PR)*
No response (NR)

Improvement by >60%
Improvement to 30%-60%
<30% improvement

*Continuous response when no relapse occurs after cessation of treatment. However,
the treatment-free period of response needs to be defined.

criteria.”*’® A baseline serum tryptase level >20 ng/mL and an
activating K77' D816V mutation are minor diagnostic criteria for
SM and helpful in preliminary screening for ISM.>*’° In
addition, up to one of the following B-findings can be present in
ISM: more than 30% MC infiltration in the BM biopsy and
serum tryptase level >200 ng/mL; signs of dysmyelopoiesis or
myeloproliferation without evidence of an additional hemato-
logical neoplasm and/or organomegaly (hepatomegaly and/or
splenomegaly and/or lymphadenopathy) without organ impair-
ment.”*’® Two or more B-findings are required to diagnose
SSM and to distinguish this variant from ISM.”*’® Taken
together, BM findings, serum tryptase levels, and K77 D816V
allele burden reflect MC numbers, but are not helpful in iden-
tifying disease-related signs and symptoms of ISM (skin lesions,
osteoporosis, anaphylaxis, and symptom burden).

Monitoring of patients with ISM should primarily focus on
the assessment of signs and symptoms as well as on
mastocytosis-related QoL impairment (Table II). Validated
prospective mastocytosis-specific PROMs to assess symptom
burden in clinical trials are available and should be used for at
least 7 days, preferably 14 days, before treatment initiation.
Patients should be provided with native language versions of the
PROMs used (Table I). QoL is one of the most important
patient-reported impacts and should be included as part of the
clinical assessment in all ongoing studies. Moreover, improve-
ment in QoL is the main goal of currently developed treat-
ments. Therefore, specific PROMs for mastocytosis-related
QoL impairment, reflecting the QoL status for the last 2 weeks,
should be always considered in both everyday practice and
clinical erials.

Skin and bone involvement should be graded.”” In everyday
practice, the affected skin area and the percentage of lesional skin
surface in the most involved hand-sized area are valuable pa-
rameters to assess disease progression and response to treat-
ments.”””® For example, the SCORMA index is an easy-to-use
tool for scoring the extent of skin involvement in routine clin-
ical pralctice.ss Clinical trials, however, require a more systematic
and standardized approach, for example, standardized photo-
documentation with further machine-learning—based and/or
expert consensus evaluation.

When osteoporosis is diagnosed, BMD T-score of at least 2
regions, the lumbar spine and femur, should be documented and
monitored.’*”° Several blood markers, such as sCTX and PINP,
are considered to be an alternative tool for bone involvement
prediction and rating, but are not yet defined as robust markers
for osteoporosis grading.

Anaphylaxis is an important clinical sign of ISM. Identifying
the severity of anaphylaxis remains challenging. Nevertheless,
anaphylaxis in mastocytosis is often severe and includes signs and
symptoms of the cardiovascular system, such as hypotensive
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syncope. There are several anaphylaxis grading systems in use;
however, none has proven superiority over the other. Thus,
further studies in mastocytosis patients with anaphylaxis would
be desirable. Moreover, based on recent reports that individual
patients experience reproducibly stereotypic anaphylactic events
irrespective of the cause, monitoring the number of anaphylactic
episodes could provide a better standardization of response
assessment in clinical practice and clinical trials than grading
their severity.””

Follow-up

The primary aim of ISM treatment is disease control by
symptom reduction and improvement of mastocytosis-related
QoL. To do so, signs and symptoms of the disease as well as
QoL should be monitored continuously during the course of
treatment (Table II). In this regard, response of anaphylaxis
should be interpreted with caution as the occurrence of
anaphylactic episodes may depend on the presence of known
triggers, avoidance behavior of the patient, immunotherapy for
Hymenoptera venoms, and/or prophylactic treatment with
omalizumab. Monitoring of osteopenia/osteoporosis in ISM
should not differ from general recommendations and requires
long, that is, at least 6-month, follow-up periods after treatment
initialization.*’

The mechanisms of symptom improvement are not
completely defined, and may depend on the drug being applied
and rely on MC depletion and/or inhibition. Although tryptase
levels and K77° D816V allele burden do not correlate with
symptom severity at baseline, their value as surrogate parame-
ters for symptom reduction remains to be investigated. Taking
together, serum tryptase levels and K77" D816V allele burden
should be considered as secondary outcome parameters to
indirectly monitor MC burden and, possibly, symptom
reduction.’” BM investigations, contrary to laboratory values,
are less useful in symptom response assessment due to low MC
numbers in BM of most patients with ISM. In fact, repeated
BM biopsies do not answer the main research question in ISM
and restrict the access of patients to participate in clinical trials.
Thus, follow-up BM investigations should be considered only
when any B-finding in BM is present, that is, >30% MC in
BM histopathology, myeloproliferation, or signs of dysmyelo-
poiesis, as these patients are at higher risk of progression to SSM
and/or advanced SM.

DEFINITION OF COMPLETE, MAJOR, PARTIAL,
AND NO RESPONSE TO TREATMENT

Clinically significant response of symptoms has been defined
as a 30% reduction from baseline when using disease-specific
PROMs. For now, according to the ECNM consensus,
changes from baseline of 90%, 60%, and 30% are recom-
mended to be used as outcome parameters for assessing treat-
ment efficacy, indicating complete response (CR) >90%, major
response (MR) 60% to 90%, partial response (PR) 30% to
60%, and no response (NR) <30% (Table I1I). When achieved
response persists after treatment cessation, the term continuous
response can be applied, whereas the treatment-free period
of response remains to be defined and will depend on the
pharmacodynamics and the disease-modifying capacities of
investigated drugs.
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CURRENT LIMITATIONS AND UNMET NEEDS FOR
REFINING RESPONSE CRITERIA FOR ISM

Several unmet needs have to be addressed to improve the use
of response criteria in ISM.

First, skin evaluation would highly profit from the use of
specific equipment with further computed image analysis.”" Easy
and cost-effective approaches are required. Several approaches,
including SCORMA index and identifying the percentage of
lesional skin surface in the most involved hand-sized area, have
been proposed.”””® However, these tools do not include evalu-
ation of color intensity of the lesions.

Secondly, serum bone turnover markers for predicting osteo-
porosis and defining treatment response are needed. Two of
them, PINP and sCTX, were suggested to be included in
intervention studies by the International Osteoporosis Founda-
tion.”® However, the role of serum bone formation and resorp-
tion markers is not completely defined, and their value for use in
secondary osteoporosis associated with mastocytosis remains to
be elucidated.

Thirdly, despite plenty of available mastocytosis-specific
PROMs, only a few are available in multiple culturally adopted
and linguistically validated versions, which limits their use
around the globe. The variety of different PROMs restricts
study-to-study comparison. Moreover, a one-time and quick-to-
complete PROM to assess symptom severity and/or disease
burden remains an unmet need.

Fourthly, tools for monitoring anaphylaxis severity and
response to treatment are needed. The role and relevance of
increased 7PSABI gene copy number encoding 0-tryptase, he-
reditary oi-tryptasemia (Ha'T), need to be further evaluated as a
potential factor influencing symptom severity in mastocytosis.
Thus, screening for the prevalence of HoT in future clinical trials
in mastocytosis should be considered because concomitant Ho'T
could affect the response to treatment.

Finally, clinimetric evaluation of PROMs and cutoffs for
symptom response should be achieved and updated after first
studies with targeted treatments are completed.

CONCLUSIONS

The primary goal of ISM treatment is symptom reduction and
improvement of mastocytosis-related QoL impairment. Cuta-
neous, GI, and neurological symptoms, musculoskeletal pain,
and the presence of skin lesions, anaphylaxis, and osteoporosis
are the main drivers of disease burden in ISM and should be
assessed in all patients, before initiation and over the course of
treatment. Validated mastocytosis-specific PROMs are recom-
mended to assess symptom burden and QoL impairment.
Treatment responses assessed by changes from baseline of 90%,
60%, and 30% indicate CR >90%, MR 60% to 90%, PR 30%
to 60%, and NR <30%. Laboratory values (serum tryptase and
KIT D816V allele burden) and histological findings (MC
numbers in BM, skin, GI tract, or other affected organs) can be
investigated, but are limited outcome parameters because they
neither reflect symptom/sign severity nor QoL impairment.
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