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SOMMARIO

La mastocitosi sistemica ¢ una malattia rara caratterizzata dall’accumulo e dalla
anomala proliferazione di mastociti clonali in diversi organi e tessuti, principal-
mente la cute e il midollo osseo.

Diversamente dalle forme pediatriche, a regressione spontanea e limitate alla cute,
nei pazienti adulti la malattia si associa sempre ad un coinvolgimento sistemico
midollare e, in piu del 90% dei casi, alla presenza della mutazione di KI7 D816V.
Clinicamente si distinguono varianti indolenti, a buona prognosi, e rare forme ag-
gressive, a prognosi sfavorevole.

Nell’adulto il coinvolgimento cutaneo puo essere assente, come accade nella mag-
gior parte delle forme aggressive e in una variante sistemica indolente recentemente
descritta e denominata bone marrow mastocytosis (BMM). Quest’ultima ¢ caratte-
rizzata da un basso burden di malattia, 1’assenza delle tipiche lesioni cutanee e un
maggior rischio di anafilassi.

Il coinvolgimento osseo, in forma di osteoporosi severa, osteopenia o osteosclerosi,
si osserva nel 30% circa dei pazienti con mastocitosi sistemica (SM) e puo talora
costituire I’unica manifestazione d’esordio della malattia e di conseguenza 1’unico
elemento clinico di sospetto. La SM, al contrario, ¢ considerata una rara causa di
osteoporosi secondaria, ma si ritiene che 1’incidenza sia sottostimata.

La diagnosi di SM dell’adulto si basa sullo studio midollare, comprensivo di esame
morfologico, immunofenotipico, molecolare e istologico.

L’indicazione alla biopsia osteomidollare sussiste in tutti i pazienti adulti con le-
sioni cutanee compatibili con localizzazione di mastocitosi.

In pazienti con anafilassi e/o sintomi da rilascio di mediatori da parte dei mastociti
clonali, ¢ possibile invece predire la diagnosi e porre quindi indicazione allo studio
midollare, attraverso 1’utilizzo del cosiddetto REMA (Red Espafola de Mastocito-
sis) score. Per i pazienti con osteoporosi severa inspiegata, in assenza di lesioni
cutanee, 1’indicazione allo studio midollare si ¢ basata fino ad oggi sui livelli di

triptasi sierica e sull’eventuale presenza di sintomi da mediatore. Tuttavia, ¢ noto



che circa il 5% dei pazienti con SM puo presentare valori di triptasi entro i limiti.
Inoltre, ¢ stata recentemente descritta una condizione genetica non clonale, a tra-
smissione autosomica dominante, denominata ipertriptasemia familiare (Hereditary
Alpha Tryptasemia, HAT), caratterizzata dalla duplicazione, triplicazione e oltre su
un singolo allele del gene TPSABI, che codifica per le isoforme alpha e beta della
triptasi. L’acquisizione di copie aggiuntive del gene comporta un incremento dei
valori di triptasi sierica basale ed ¢ stata osservata nel 5-8% circa della popolazione
generale. In pazienti affetti da SM ¢ stata descritta una prevalenza di HAT superiore
alla popolazione generale, pari al 17% circa.

Di conseguenza, il solo incremento dei valori di triptasi sierica basale potrebbe non
sottendere ad una patologia clonale bensi ad un trait genetico.

Nella nostra esperienza, piu della meta dei pazienti indirizzati presso il nostro
Gruppo Interdisciplinare per lo Studio della Mastocitosi (GISM) per osteoporosi
severa inspiegata, senza lesioni cutanee e sottoposti ad approfondimento midollare
nel sospetto di SM, sono risultati negativi. Questo studio retrospettivo si pone, per-
tanto, 1’obiettivo di analizzare le caratteristiche cliniche e laboratoristiche dei pa-
zienti con diagnosi confermata di SM e non, al fine di identificare eventuali diffe-
renze in grado di predire la diagnosi e porre un’indicazione piu precisa alla biopsia
osteomidollare.

Mediante analisi uni e multivariata abbiamo identificato tre variabili indipendenti e
predittive della diagnosi (eta, livelli di triptasi basale sierica e fratture vertebrali),
che sono state utilizzate per la costruzione di uno score predittivo della diagnosi
(OSTEO-score).

Applicato alla nostra casistica di 139 pazienti, lo score ha dimostrato una sensibilita
del 71.4% e una specificita del 67.1%. In particolare, i pazienti con un punteggio
minore di 3 avevano una probabilita significativamente minore di risultare positivi
per SM dopo studio midollare (28.5%) rispetto ai paienti con score >3 (71.4%).
Inoltre, applicandolo ad un sottogruppo di 58 pazienti dei quali era disponibile la
genotipizzazione per HAT, lo score ha dimostrato una maggiore specificita (79.1
vs 67.1%) mantenendo la stessa sensibilita.

Sebbene i risultati del nostro studio debbano essere validati su una pit ampia casi-

stica multicentrica di pazienti, riteniamo che I’utilizzo in pratica clinica del nostro



score possa essere particolarmente utile al fine di identificare i pazienti con una
maggior probabilita di essere affetti da SM, evitando accertamenti invasivi non ne-
cessari in pazienti nei quali la diagnosi ha una bassa probabilita di essere confer-

mata.

ABSTRACT

Background. Osteoporosis may represent the only symptom of onset of systemic
mastocytosis (SM). As distinct from patients with other mediator-related symp-
toms, a score to predict the association with an underlying SM in patients with un-
explained osteoporosis is lacking. Furthermore, normal serum basal tryptase (sbT)
levels do not exclude SM diagnosis, and sbT levels higher than 8 ng/mL might be
due to other causes, e.g., hereditary alpha-tryptasemia (HAT), that has been recently
documented in about 5% of the general population.

Aims. This study aimed at analyzing the clinical features of a large series of adult
patients referred to our multidisciplinary team for unexplained osteoporosis and
suspected SM, in the absence of skin lesions. Secondly, we aimed at identifying
criteria able to predict the diagnosis of SM and provide an indication for bone mar-
row (BM) studies and also at estimating the influence of HAT in the diagnostic
decisions.

Methods. One hundred thirty-nine patients with unexplained osteoporosis who un-
derwent BM evaluation from September 2009 to November 2022 were retrospec-
tively studied. In the entire cohort, 28.8% of patients were males, the median age at
diagnosis was 59 years (range 21-86 years) and the median sBT levels of 18.2
ng/mL (range 4-165 ng/mL). Diagnosis of SM was made according to the 2016
World Health Organization (WHO) criteria. Other causes of secondary osteoporosis
had been previously excluded.

Results. After BM study, 63 patients (45.3%) were diagnosed with SM, of whom
54 (85.7%) had bone marrow Mastocytosis, seven (11.1%) had indolent SM, with
previously unrecognized skin lesions and two patients (3.2%) had SM with Asso-
ciated Hematological Neoplasm (SM-AHN). Mediator-related symptoms were re-
ported in 37 SM patients (58.7%). Seventy-six patients (54.7%) did not fulfil the

WHO diagnostic criteria for SM and were used as a control group. SM patients



were younger than controls (median age 57 vs 61 years, respectively; p=0.0096),
had higher median sbT level (25.9 vs 16.1 ng/mL, p<0.001) and presented more
frequently bone fragility fractures (93.6% vs 77.6%, respectively; p=0.0092). No
significant differences according to gender and the presence of mediator-related
symptoms, including anaphylactic events, were found between the two groups
(p=0.3473 and 0.0890, respectively). Fifty-eight patients with sbT > 8 ng/mL un-
derwent genetic evaluation for HAT, of whom 24 patients displayed duplication or
triplication within the TPSAB1 gene encoding alpha-tryptase. Of note, 7 out of 34
patients with SM were found to have HAT (20.5%), whereas HAT was documented
in 17/24 patients negative for SM (70.8%). Multivariate analysis identified three
independent predictive factors, including age (p=0.0096), sbT level >19 ng/mL (p
<0.0001) and the presence of vertebral fractures (p=0.0090), that were used to build
a scoring model able to predict the diagnosis of SM before BM. Patients with a
score <3 had a lower probability of having mastocytosis than patients with a score
>3 (28.5% and 71.4%, respectively, p<0.0001). Of note, when our score was ap-
plied to patients with a known HAT status, after the correction of sbT levels de-
pending on the number of additional copies of the alpha-tryptase gene, we noted an
increased specificity (79.1 vs 67.1%) with similar sensitivity (73.5 vs 71.4%).

Conclusion. Our data remark the importance of considering the diagnosis of SM in
cases of unexplained osteoporosis, but in our series, more than half of patients who
underwent BM study in suspicion of SM were found to be negative. Thus, our pro-
posed score could avoid unuseful BM studies, allowing the identification of patients
with the highest probability of having mastocytosis. Further studies are needed to
validate our results and also to verify if tests for HAT and KIT D816V mutation in
peripheral blood in patients with unexplained osteoporosis and a score <3 can lower

the risk of misdiagnosing patients with mastocytosis.
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1. INTRODUCTION

1.1 Mastocytosis

Mastocytosis is a rare neoplastic disease characterized by the expansion and accu-
mulation of clonal mast cells (MC) in one or more tissues, mainly bone marrow
(BM) and skin, but also the gastrointestinal tract, liver, and spleen. ! Cutaneous
mastocytosis (CM) is a skin-limited form of the disease, typical of childhood, that
usually regresses spontaneously in adolescence. 2

Conversely, the great majority of adult patients can be diagnosed with a systemic
mastocytosis (SM), involving one or more extracutaneous organs [BM, gastrointes-
tinal tract (GI), lymph nodes, and spleen], with or without skin involvement. ! More
than 90% of SM harbour a “self-activating” somatic point mutation at codon 816
of the ¢-Kit receptor gene. **

In indolent forms, clinical manifestations are due to both MC infiltration, particu-
larly the skin, and inappropriate release of MC mediators. In aggressive forms, clin-
ical features mainly depend on massive MC infiltration and subsequent organ dys-
function. !

Bone involvement, mainly characterized by osteoporosis and/or fragility fractures
may interest up to 40% of SM patients and consequent manifestations might repre-
sent the only signs of disease at diagnosis. When unexplained osteoporosis is the
only clinical element of suspicion for mastocytosis, in the absence of a history of
typical skin lesions, the only way to diagnose systemic disease is to perform a com-
plete BM study. Differently from adult patients presenting with anaphylaxis, in
which a score proposed by REMA (Red Espanola de Mastocitosis) ° efficiently



predicts both MC clonality and SM, thus providing an indication for BM assess-
ment, in patients referred for unexplained osteoporosis a predictive score for diag-

nosis is lacking.

1.2 Epidemiology

Mastocytosis is considered a rare disease but epidemiological data in adults are lim-
ited. Besides, an insufficient knowledge and a very heterogeneous clinical presen-
tation contribute to a high rate of misdiagnoses, probably underestimating the real
prevalence of this disease. The Danish group reported an estimated prevalence of
SM in adults of 10 per 100,000 inhabitants. ® In the population aged > 15 years of
the Italian province of Verona, our Study Group for Mastocytosis (GISM) reported
an estimated prevalence of SM of 17.2 per 100,000 inhabitants. ’ No gender pre-
dominance has been documented by far.

Familial cases have been reported in pediatric series, with an estimated prevalence
of 11-13%. 3°0On the contrary, data regarding adult patients are scarce. Recently,

our study group reported an estimated prevalence of familial cases of 1.5%. !°
1.3 Pathogenesis

Several cytokine pathways and receptors have been associated with the pathogen-
esis of this disease. Both normal and neoplastic MC derive from MC-committed
CD34+ /KIT+ stem and progenitor cells. !!

Deregulation of the KIT cytokine receptor, normally involved in the development
of MC, has a key role in the pathogenesis of CM and SM. *!2 In fact, most adult
patients with SM harbour a KIT-activating somatic point mutation responsible for
the ligand-independent growth and expansion of neoplastic MC. 3 The most preva-
lent pathogenetic mutation is the K/7 p.D816V which is detected in more than 90%
of adult patients, independently of the SM variant and its aggressiveness. '* In chil-
dren this mutation is less frequent and could be detected in up to 30% of all cases
with CM. 314 Activating mutations in other codons of KIT have also been identified.
Concerning the pathogenetic pathway induced by KIT p.D816V, STATS and
PI3K/AKT seem to play a central role. 15 Although KIT D816V mutation is



considered the major driver of SM pathogenesis, this is not considered a fully trans-
forming oncoprotein. Moreover, other non-K/7 mutations frequently associated
with myeloid malignancies (i.e., ASXLI, SRF'S2, RUNXI, CBL, EZH?2 mutations)
could be detected mainly in advanced SM (AdvSM) and are associated with poor
prognosis. 18 Nevertheless, the role of these mutations in SM pathogenesis re-
mains to be determined. Finally, some studies highlighted a decreased expression
of pro-apoptotic molecules in neoplastic MC, which may contribute to the typical

tissue accumulation. '°

1.4 Classification and Diagnosis

The term Mastocytosis is collectively used to designate various clinical entities.
According to the recently updated 2022 WHO Classification, the disease can be
essentially divided into cutaneous mastocytosis (CM), SM, and mast cell sarcoma
(MCS); (Table 1). 2° Skin involvement is found in CM and a majority of adult pa-
tients with SM. While in children the disease is usually skin-limited, virtually all
adults with cutaneous lesions have systemic involvement.

Adult SM is often a nonaggressive disease, including the so-called “non-advanced
SM”: indolent SM (ISM), “bone marrow Mastocytosis” (BMM) and smouldering
SM (SSM). Advanced SM is quite rare and includes aggressive SM (ASM), SM
with an associated myeloid neoplasm (SM-AMN), and mast cell leukemia (MCL).
MCS is a rare, localized but aggressive form that can transform into a disseminated

MCL-like disease.

Table I. Mastocytosis variant and subvariants according to the 2022 WHO

Classification. 2°

Cutaneous Mastocytosis

Urticaria pigmentosa/Maculopapular cutaneous mastocytosis

Monomorphic

Polymorphic

10



Diffuse cutaneous mastocytosis

Cutaneous mastocytoma

Isolated mastocytoma

Multilocalized mastocytoma

Systemic mastocytosis

Bone marrow mastocytosis

Indolent systemic mastocytosis

Smouldering systemic mastocytosis

Aggressive systemic mastocytosis

Systemic mastocytosis with an associated haematologic neoplasm

Mast cell leukemia

Mast cell sarcoma

Note: Well-differentiated SM (WDSM) represents a morphologic variant that may

occur in any SM type/subtype, including mast cell leukemia.

i) Cutaneous Mastocytosis (CM)

Diagnosis of cutaneous mastocytosis relies upon the presence of typical skin lesions
associated with Darier’s sign, increased numbers of MC at the histological exam,
and/or the demonstration of an activating KIT mutation in cutaneous tissue biopsy.>
According to the 2022 WHO Classification, CM can be subdivided into maculopap-
ular CM (MPCM; previously known as urticaria pigmentosa), diffuse CM (DCM)
and cutaneous mastocytoma (Table 1). 2°

Based on clinical manifestation, MPCM encompasses a monomorphic variant char-
acterized by small, round, brown maculopapular lesions, and a polymorphic variant
with larger lesions having variable size and shape. Differently from the monomor-
phic one, the polymorphic variant is almost always restricted to children.?

DCM is a rare entity characterized by a generalized MC infiltration of the skin.?!
These forms can be associated with very severe and occasionally life-threatening
MC mediator-related symptoms, such as hypotension, gastrointestinal bleeding, or

anaphylactic shock. 2
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Cutaneous mastocytoma usually arises as a single, prominent, brown or yellow le-
sion. Nevertheless, when more than one but up to 3 lesions, typical for mastocy-
toma, are present the diagnosis of multicentric “mastocytoma” is still allowed.
However, in case of >4 lesions, a diagnosis of MPCM is preferred. 2

The histopathological diagnosis of CM can rarely be challenging, especially in
cases with subtle MC infiltrates. In these unequivocal cases, K/T mutation analysis
is recommended. 2232

In adult patients, skin involvement is almost always associated with SM, most often
ISM, with a median age at onset of around 36 years. 2630

If BM evaluation cannot be performed, but the skin involvement is confirmed, the
diagnosis should be of “mastocytosis in the skin” and not CM, and additional diag-
nostic procedures, including BM assessment, are recommended. Skin involvement
in adult patients has a chronic course and rarely goes through spontaneous remis-
sion. 2 The monomorphic variant of MPCM is the most common form of skin in-
volvement, whose lesions typically spare the face. > Conversely, DCM and masto-

cytoma are exceptionally rare in adults. 2

ii) Systemic Mastocytosis (SM)

Diagnosis of SM relies upon one major criterion and four minor criteria, and re-
quires the presence of the major histological criterion, together with at least one of
the minor criteria.

If the major criterion is not satisfied, at least three of the four minor criteria need to
be fulfilled. Table 2 summarizes the diagnostic criteria for SM. 43!

Disease aggressiveness and MC’s burden can be reliably assessed by the presence
of B or C findings, which together with histological and clinical features allow to
classify patients into indolent and advanced forms '*3! (see Tables 2 and 3).

ISM and BMM are the most common subtype in adults, and only a small percentage
of patients progress to SMM or AdvSM, thus having a favorable prognosis. 3233
Data from the European Competence Network on Mastocytosis (ECNM) suggested
that diagnostic criteria of BMM should be based on BM involvement, absence of
typical skin lesions and low disease burden [defined as the absence of any B-Find-

ing and a serum basal tryptase level (sbT) <125 ng/ml]. BMM, so defined, had a

12



better prognosis than patients with ISM. Moreover, it appears to be characterized
by male sex prevalence and higher frequency of anaphylaxis. 20323 Consequently,
the most recent WHO Classification has recognized BMM as a distinct SM variant.
BMM will be discussed in detail in a separate paragraph.

SSM differs from ISM because of a higher disease burden, although data regarding
prognostic differences between the two entities are controversial. 33

Advanced SM comprises SM with an associated hematologic neoplasm (SM-
AHN), aggressive SM (ASM), and MC leukemia (MCL).

SM-AHN is associated with a hematologic neoplasm, usually of myeloid lineage
(80-90% of cases), and more often chronic myelomonocytic leukemia (CMML).
Rarely, an associated lymphoid disease could be diagnosed. The prognosis of this
variant depends on both the SM variant and the associated myeloid neoplasm. Its
incidence is probably underestimated, especially in cases with low MC burden. ¥
ASM accounts for approximately 5% of all SM and is clinically characterized by
signs and symptoms of organ damage, due to massive MC infiltration (i.e., hepato-
splenomegaly associated with signs of organ failure, malabsorption with weight
loss, blood count cytopenia or osteolysis). Skin involvement is frequently absent
and the prognosis is dismal, with a survival rate of 2—4 years. !?8

MCL is the rare leukemic counterpart of SM, frequently lacking skin involvement,
and characterized by diffuse medullary infiltration of immature MCs (>20% of BM
cellularity in BM smears). 3¢ The clinical course of this variant is very aggressive,
with an estimated survival of less than six months. Recently, a “chronic” form of
MCL, lacking “C” findings and with a less aggressive clinical course, has been de-

scribed.

Table II. Criteria for diagnosis and definition of major clinical variants of Sys-

temic Mastocytosis (SM) (WHO, 2016; updated in 2022). '42°

Major criterion

Multifocal dense infiltrates of mast cells (>15 mast cells in aggregates) detected

in sections of the bone marrow and/or other extra-cutaneous organ(s). *

Minor criteria

13



>25% of all mast cells are atypical cells on bone marrow smears or are spindle-
shaped in dense and diffuse mast cell infiltrates in BM or other extra-cutaneous
organ(s). T2

Activating KIT point mutation(s) at codon 816 or in other critical regions of KIT

in the bone marrow or other extra-cutaneous organ(s).

Mast cells in bone marrow, blood, or other extra-cutaneous organ(s) aberrantly

express one or more of the following antigens: CD2, CD25, CD30. ®

Baseline serum tryptase concentration >20 ng/ml in the absence of a myeloid
AHN. In the case of a known Hereditary a-Tryptasemia, the tryptase level should
be adjusted.°

B findings

1. MC infiltration > 30% of BM cellularity and/or serum basal tryptase level
> 200 ng/ml and/or KIT D816V VAF >10%;

2. Myeloproliferation or signs of dysplasia not meeting criteria for defini-
tive diagnosis of an associated haematological neoplasms, no prominent
cytopenias;

3. Organomegaly (hepatomegaly or splenomegaly) without function im-
pairment and/or lymphadenopathy on palpation/imaging (> 2 cm).

C findings
1. One or more cytopenia due to BM dysfunctions caused by neoplastic
MC infiltration (ANC < 1 x 109/L, Hb < 10 g/dL, or platelets < 100 x
109/L), without other haematological neoplasms

2. Hepatomegaly with liver dysfunction (ascites, and/or portal hyperten-
sion)

3. Splenomegaly with hypersplenism

4. Skeletal lesions (osteolysis and/or pathologic fractures)

5. Malabsorption with weight loss due to GI MC infiltrates

*In the absence of a KIT mutation particularly in cases with eosinophilia, the presence of tyrosine
kinase gene fusions associated with M/LN-Eo must be excluded.Round-cell well-differentiated

morphology can occur in a small subset of cases. In these cases, the mast cells are often negative

14



for CD25 and CD2 but positive for CD30.}To avoid “false-negative” results, the use of a high

sensitivity PCR assay for detection of KIT D816V mutation is recommended. If negative, exclusion

of KIT mutation variants is strongly recommended in suspected SM.

2 In the BM smear, an atypical morphology of mast cells counts as an SM criterion

when mast cells are located outside BM particles. Morphologic criteria of atypical

mast cells were referenced in the consensus proposal. 3!

® Expression has to be confirmed by either flow cytometry or immunohistochemis-

try or by both techniques.

¢ The sBT is divided by 1 plus the extra copy numbers of the alpha tryptase gene.

31

Table III. Classification of Systemic Mastocytosis (WHO rev 2022). 2°

Diagnosis

Diagnostic criteria

Systemic Mastocytosis (SM):

Major criterion satisfied + one
minor criterion or at least 3 minor
criteria

Indolent SM (ISM)

SM criteria, less than 2 B find-
ings, no C findings, BM smears <
20% MC

Bone marrow mastocytosis

SM criteria, no B findings, no C
findings, absence of skin lesions,
serum basal tryptase <125 ng/Ml,
BM smears < 20% MC

Smoldering SM (SSM) SM criteria, >1 B findings, no C
finding, BM smears < 20% MC
Aggressive SM (ASM) SM criteria, at least one C finding,

BM smears < 20% MC

SM with associated hematological
neoplasm (SM-AHN)

SM criteria and WHO criteria for
a clonal hematological neoplasm

Mast cell leukemia (MCL)

BM smear: >20% MC; BM bi-
opsy: diffuse infiltration of imma-
ture MC

iii) Bone marrow Mastocytosis (BMM)

15



The first description of an indolent variant of SM without skin involvement dates
back to the early 90s %7, followed by several case series aimed at investigating the
prevalence and clinical characteristics of this new variant. Subsequently, the 2008
WHO Classification added a provisional entity called “bone marrow mastocytosis
(BMM) or isolated BM mastocytosis. *®* BMM is thought to be an underestimated
entity, with a reported prevalence ranging from 10 to 49% in different studies.
However, the differential diagnosis between BMM and aggressive SM variants
without skin involvement is crucial, both for prognostic and therapeutic purposes.
In fact, BMM has a very indolent clinical course, also if recent studies have shown
that the risk of IgE-mediated allergic manifestations, particularly Hymenoptera
anaphylaxis, is significantly higher than in patients with ISM and skin lesions
(77.4% vs 34.1%, p < 0.001). 33

Despite the importance of early diagnosis, especially to prevent life-threatening al-
lergic manifestations, the diagnosis of BMM is often challenging.

According to the criteria of the latest WHO classification, the diagnosis of BMM is
based on evident BM involvement with a clonal mast cell infiltrate of less than 20%
of cellularity in the BM smear, sbT <125 ng/mL, the absence of any B or C-findings
as well as the absence of skin involvement. 20-33

However, a high percentage of patients with BMM do not have the classic clonal
mast cell aggregates necessary to meet the histological major criterion for
diagnosis, but rather isolated atypical mast cell or grouped in small sub-diagnostic
aggregates. In addition, sbT at diagnosis may be normal or only slightly increased
in the majority of cases, consistently with the low burden of disease. ** For these
reasons, in the presence of a highly suspected clinical picture for SM, it is strongly
recommended to refer the patient to a specialized centre that has adequately
sensitive diagnostic tools, to allow diagnosis even on the basis of only three minor
criteria.

According to the recent revision of the WHO classification, in the case of docu-
mented hereditary alpha-tryptasemia, the level of sbT should be divided by the

number of extra copies of the alpha tryptase gene(see above). 3!

1.5 Clinical manifestations
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In non-advanced forms, clinical manifestations in SM may vary from skin-limited
(i.e., pruritus, flushing) to other mediators-related symptoms (i.e., anaphylaxis,
bone pain, gastrointestinal symptoms), whereas advanced variants are characterized
by signs and symptoms of organ damage. Adult patients with SM, particularly those
with BMM, have a higher risk of anaphylaxis than the general population, with an
estimated prevalence ranging from 20 to 49% (vs 0.05%-2% in the healthy
population). 273943

Anaphylactic events may be triggered by various stimuli, among which
Hymenoptera stings are the most frequent (19-60% of cases), followed by food (3-
16%), drugs (5-9%) 27°#! and rarely exercise, stress or temperature changes. 4
Idiopathic anaphylaxis has been reported in up to 30-40% of patients with SM. 27:4!
Early diagnosis of SM in patients with severe anaphylaxis is important to prevent
fatal events, for instance, through lifelong venom immunotherapy, avoid triggers
and be instructed about the prompt use of self-injectable adrenaline, which must be
always provided to patients. ** Gastrointestinal (GI) symptoms, such as abdominal
and epigastric pain, diarrhea and gastritis, are frequently referred and can occur
spontaneously or be triggered by food, stress and other stimuli. '

In aggressive variants of SM, massive MC infiltration in the GI tract leads to
malabsorption and weight loss. ! Osteoporosis and other bone involvement

manifestations will be discussed in detail in the following paragraph.

2. Bone Involvement in Mastocytosis
2.1 Epidemiology

About one-third of adult SM patients suffer from osteopathy, in the form of
osteoporosis, osteopenia, or mixed pattern osteoporotic/osteosclerotic, resulting in
an increased risk of fractures. Given this, SM diagnosis should be ruled out in pa-
tients with unexplained osteoporosis with or without fragility fractures, or inappro-
priate low bone mineral density (BMD), if other common causes have been ex-
cluded. 46

The prevalence of osteoporosis in SM patients is probably underestimated, ranging
from 8 to 40% in indolent forms. 47-3° Conversely, SM is considered a rare cause of

secondary osteoporosis and the incidence of SM among patients with unexplained
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osteoporosis is not fully understood. A recent Italian study >4, reported a prevalence
of mast cell disorders in patients with severe unexplained osteoporosis equal to
1.3% and up to 3% including MCAS (Monoclonal Mast cell Activation
Syndromes). However, since only half of patients with documented
hypertryptasemia had undergone BM evaluation, this data is probably
underestimated. In fact, in the group of patients in which BM study was performed,
the prevalence raised to 3.1% in the entire cohort and 5% in the subgroup of male
patients. >4

Diffuse osteosclerosis, sometimes associated with small osteolytic lesions, has an
estimated prevalence ranging from 2.5 to 8%, is not usually associated with
fractures and can only be detected with the skeleton X-ray. The mixed osteolytic
and osteosclerotic forms represent about 4% of cases. Osteosclerosis is documented
mainly in SSM or other advanced SM. A very limited percentage of cases present
with large osteolytic lesions and massive MC infiltration (C finding).

Finally, some studies have suggested an inverse relationship between bone mani-
festations and the absence of skin lesions in SM #’, possibly due to a diagnostic

delay in otherwise asymptomatic patients.

2.2.Pathophysiology

The mechanism of bone loss is the result of the activation of several signaling
pathways, not yet fully identified. In particular, mediators released from clonal MC,
such as histamine, heparin, tryptase, and cytokines like tumor necrosis factor-a,
interleukin-1 (IL-1), IL-17, and IL-6, may influence both osteoblasts and
osteoclasts activity. >->°Several pathways, such as the RANK/RANKL/OPG and
the canonical Wnt-3 catenin system, seem to be involved in the pathogenesis of
SM-associated osteopathy. 6062

Bone loss in SM is usually more evident in trabecular than in cortical bone. This
could be due to a higher sensitivity of trabecular bone to MC mediators released
locally, as well as to a greater degree of MC infiltration. ¢

The propensity towards bone resorption or apposition depends perhaps on mast cell

burden and the subsequent activation of one pattern rather than another. %4
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2.3 Clinical features

The principal clinical bone manifestations are poorly localized bone pain, referred
by more than half of patients, and fragility fractures. ®> Due to its rarity, SM is
frequently misdiagnosed, and at the time of SM diagnosis around 20% of young
males already have multiple vertebral deformities.

SM-related fragility involves more frequently the spine, thus vertebral fractures are
common. % In fact, in SM osteoporotic patients BMD is usually lower at the lumbar
spine than at the hip, as a result of a greater loss of trabecular than cortical bone.
However, in a Verona cohort of ISM, 36% of patients with fractures suffered from
nonvertebral ones, 4’ meaning that cortical bone is also involved.

Regarding the risk of fractures, Rossini et al. reported a prevalence of at least one
vertebral fracture in 14% and 20% of women and men, respectively. ®* The risk of
fractures is greater in males, possibly due to a different activity of key mediators
according to gender.

In 2012, a study of the Dutch group identified advanced age, male sex, and high
urinary levels of methylhistamine to be associated with a higher prevalence of os-
teoporotic fractures and osteoporosis in ISM. *® The same group later reported that,
besides male sex, higher levels of bone resorption markers than age/sex-matched
healthy population (i.e., CTX, type I collagen C-telopeptide, Z-score >1), low fem-
oral BMD (T-score < -1), absence of urticaria pigmentosa and alcohol intake, were
independently associated with the risk of future fractures in patients with ISM and
included these parameters in the MastFx score. %

A very recent paper proposed a predictive model including age, DXA spine T-
scores, and alkaline phosphatase as predictors of fracture incidence. ¢
Osteosclerotic pictures are infrequent and generally associated with elevated levels
of bone turnover markers (BTM), higher sbT and advanced forms of SM. 6867
Finally, mixed forms of osteopathy in which osteosclerosis and small osteolytic

lesions coexist have been reported. 46-6¢
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2.4 Diagnosis of Secondary Osteoporosis

Dual-energy X-ray absorptiometry (DXA) represents the gold standard for bone
involvement evaluation in SM patients.

This technique provides the absolute values of bone mineral density (g/cm2), T-
score and Z-score. The T-score represents the difference in terms of standard
deviations from the bone mass reference value, whereas the Z-score is the
comparison with individuals of the same sex and age. According to WHO, T-score
values <-1 are consistent with osteopenia whereas a value <-2.5 is indicative of
osteoporosis. A Z-score <-2 identifies a low BMD, inappropriate for age and sex.
70-72 The Z-score is the most reliable parameter for the evaluation of secondary os-
teoporosis in premenopausal women and young men. ’! An Italian study by Rossini
et al., demonstrated that by applying the Z-score in male patients with ISM the
prevalence of osteoporosis raised from 20% to 28%. 8

BTM could be used to quantify bone remodelling [i.e., bone alkaline phosphatase
(bALP), osteocalcin and terminal N portion of type I procollagen for bone
apposition and CTX for bone resorption]. Nevertheless, several studies failed to
demonstrate the predictive role of BTM, which were unable to identify ISM patients
with a higher risk of fracturative events. Moreover, normal markers did not exclude
the risk of future fractures. 7 In fact, it has been suggested that normal BTM in
patients with bone involvement depend on a generalized increase of bone turnover,
but without an imbalance between osteoblastic and osteoclastic activity. However,
a longitudinal study from Van der Veer #°, evidenced that elevated serum CTX
levels were independently associated with the risk of fractures in patients with ISM.
Moreover, CTX levels were higher in aggressive forms and correlated with sbT. A
recent study also showed that basal CTX levels were predictive of BTM changes
over 30 months. ™

In the experience of our Interdisciplinary Group for Mastocytosis of Verona, sbT
showed a correlation with bALP, and markedly elevated values are associated with

diffuse osteosclerosis. In these cases, bone scintigraphy is recommended.
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2.5 Treatment of Secondary Osteoporosis

The mainstay of treatment consists of antiresorptive therapy. In indolent forms,
Zoledronate 5 mg IV infused yearly can reduce BTM and prevent bone loss’,
whereas in aggressive forms with lytic lesions and recurrent fractures, a monthly
protocol for myeloma could be necessary. Unfortunately, due to the rarity of the
disease, evidence on fracture risk is very scarce and the efficacy of bisphosphonates
is mainly proved by surrogate markers such as BTM. However, in addition to the
improvement in the osteometabolic profile, bisphosphonate treatment may also
induce a symptoms reduction in some patients (i.e. bone pain relief). 7>7¢ Consid-
ering the pivotal role of the RANK-RANKL pathway in the pathogenesis of SM-
related osteoporosis, denosumab is also a putative therapeutic option. "7 In se-
lected cases, or patients refractory to bisphosphonates, alpha-interferon therapy
demonstrated good efficacy. 7® Finally, ancillary therapy includes vitamin D and

calcium supplementation.

3. Hereditary alpha-tryptasemia (HAT)

Genes encoding for o (TPSABI1) and B (TPSAB1 and TPSAB2) tryptase are
located on the short arm of chromosome 16. The canonical copy number is 0-2 for
a-tryptase and 2-4 for B-tryptase and the normal total copy number is four. 7

Hereditary alpha-tryptasemia (HAT) has been first described by Lyons in 2016 8!
as an autosomal dominant genetic condition, involving approximately 5% of the
general population and resulting from the germinal acquisition of a variable number
of additional copies (duplication, triplication or more) on a single allele of the
TPSABI1 gene, encoding o and B isoforms of tryptase. 8 Clinically, HAT
determines a gene dosage-dependent increase in sbT levels (almost universally >8
ng/mL), often associated with the presence of mast cell activation symptoms
overlapping with SM symptoms, including an increased risk of anaphylaxis. 7-80-82
Recent studies have shown that up to 17% of SM patients carry this familial genetic

trait 80-82-3% and patients affected by HAT and SM are more likely to experience

severe hypersensitivity reactions to Hymenoptera stings. Furthermore, these
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patients display lower KIT D816V allele burden and more severe mediator-related
symptoms, than SM patients without HAT.

The method of choice for the determination of the TPSAB1 genotype is currently
the droplet digital PCR (ddPCR), which allows to detect the copy number variations
of a and B-tryptase genes. Currently, this analysis is available only in a few
specialized Centers. Genotyping of the TPSAB1 gene has been recently suggested
in the diagnostic work-up of SM. Additionally, because patients with both HAT and
SM tend to have higher sbT levels, a recent consensus proposed to adjust the sbT
value based on the number of additional gene copy numbers in patients with known
HAT status. 3! On the other hand, recent studies demonstrated a lower disease bur-
den in HAT" SM patients, that could account for a greater number of misdiagnosis
in patients with only moderately abnormal sbT levels. 8 In fact, adjusted sbT levels
according to the number of exceeding copies of TPSAB1 might not reach the
threshold required for diagnosis. To overcome this problem, an Italian study sug-
gested the possibility of lowering the threshold of sbT needed to obtain the diagno-
sis of SM in HAT-positive patients. 3

Whether HAT has a potential pathogenetic role in the onset of clonal mast cell dis-
ease needs to be further elucidated. Furthermore, the role of tryptase in bone min-
eralization is still unclear. Data on osteoporosis prevalence and bone involvement
in SM HAT+ patients are limited. In particular, an Italian study conducted on a
large cohort of patients with CMD recently reported a prevalence of 28% in HAT"
patients, which tended to be lower than that observed in patients with HAT-. % In
addition, another study sought to assess the possible association between HAT and
fracture risk, but due to the small number of HAT+ patients evaluated, no signifi-

cant differences were found with patients without HAT. ¢
4. Hematological diagnostic pathway

BM and peripheral blood (PB) diagnostic work-up should include:

a) Morphological examination of BM smear, using the classic staining with
May Grunwald-Giemsa, % to evaluate the percentage of MC and their mor-

phology (spindly shaped with hypo-granulated cytoplasm, well-

22



differentiated, and metachromatic blasts). 3° The BM smear should also ex-
clude associated myelodysplastic/myeloproliferative features. Toluidine
Blue stain allows us to easily identify atypical MC for the presence of the
typical metachromatic granules. %

b) Morphological examination of PB smear, to recognize circulating MC and
to exclude signs of an associated hematological neoplasm (i.e., dysplasia,
monocytosis, eosinophilia, blasts). !

c) Histological and immunohistochemical exam of BM biopsy must include, in
addition to the normal Giemsa and Hematoxylin-eosin stains, immunohisto-
chemical investigations for tryptase, CD117, CD25, CD2 and CD 30 (Fig-
ure 1). %7 Differently from normal MC, clonal MC aberrantly express anti-
gens related to the lymphoid lineage, such as CD2 and CD25, which are
absent in the normal counterpart. 3°In particular, CD25 displays high sen-
sitivity and specificity for the diagnosis of SM *°, thus representing the best
immunohistochemical marker for diagnosis. 8’ Recently, the abnormal MC
expression of CD30 has been added to the immunophenotypical/histochem-
ical panel required for diagnosis, and count as a minor criterion. In particu-
lar, CD30 is useful in advanced forms of SM and CD25 negative well-dif-
ferentiated SM. 12 CD30 Ultimately, the BM evaluation is aimed at defin-
ing the extent of infiltration, the atypia of MCs, the presence of fibrosis, and

signs of other associated hematological neoplasms. !

Figure 1. Bone marrow histology of a case of D816V KIT-mutated ISM: ag-
gregate of more than 15 mast cells. (A: H&E; B: CD117 staining, C: CD25

staining).
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d) Multi-parameter flow cytometry on BM samples, using a panel including at
least CD45, CD34, CD117, CD25, CD2 and CD30. 879293

e) Detection of KIT D16V mutation in BM requires highly sensitive techniques,
considering that in ISM the allelic burden can be very low and often less
than 0.01%. °*% Currently, the allele-specific oligonucleotide quantitative
polymerase chain reaction (ASO-qPCR) is considered the most sensitive
technique (0.01%), but also digital droplet PCR (ddPCR) has shown similar
sensitivity. *® Since Next Generation Sequencing (NGS) is less sensitive
than RT-qPCR, it is not routinely recommended for the search of the
D816V KIT mutation. *’ Approximately 5-10% of SM do not display the
typical D816V KIT mutation. # False negative results could be due to low
MC burden or the use of a less sensitive technique. Except for a few KIT
wild-type cases, some cases may harbor K/7 mutations other than the
D816V at codon 816 (F/H/I/Y) or mutations in other codons. As a conse-
quence, in the rare D816V negative cases with strong clinical suspicion of
SM, other KIT mutations at position 816 (i.e., D816Y, D816H, etc.) should
be ruled out with PNA-mediated PCR technique, on BM samples or sorted
MC (sensitivity of 0.1%) or with NGS. #13-98-100 Moreover, in selected cases,
molecular analysis could be carried out on PB by using an ASO-qPCR-
based method or ddPCR. ?%1%! However, it should be noted that 30% of
BMM, and around 10% of ISM patients, may result negative for K/7 muta-
tion in PB samples, also with highly sensitive techniques. %

f) Conventional cytogenetics analysis in BM blood should be added to the di-
agnostic work-up in patients with suspected or confirmed advanced SM,
particularly in SM-AMN cases. ¥’

g) NGS study for other myeloid gene mutations is recommended in advanced

forms, for additional prognostic information. 387192

Depending on the clinical presentation at the time of diagnosis and the reason
for referral, in a non-negligible percentage of patients, the indication for BM
assessment could be less evident. Therefore, the decision to perform a BM study

is initially guided by a clinical and laboratoristic evaluation.
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4.1 Patients with typical skin lesions

The diagnostic pathway usually begins with the physical examination aimed at
identifying typical skin lesions, that if present constitute in adult patients an indica-

103

tion to perform a complete BM evaluation. '*° If skin lesions have a typical appear-

ance cutaneous biopsy could be omitted.

4.2 Patients without typical skin lesions

In the absence of skin lesions suggestive of SM, the diagnostic suspicion is based
on the sBT value and the presence of other clinical elements of suspicion. Patients
with a history of severe allergic manifestations, in particular anaphylaxis after Hy-
menoptera bites or from drugs and/or foods, or who present with symptoms of me-
diator release (e.g. flushing, urticaria, diarrhea, epigastric pain, headache, episodes
of hypotension, etc.) or severe osteoporosis not attributable to other possible causes,
should undergo more detailed investigations to exclude SM without skin involve-
ment.

In patients with a baseline sbT value > 25 ng/ml and a suggestive clinical picture,
the diagnosis of mastocytosis should always be excluded performing a complete
BM study, including smear for cytomorphological examination, flow cytometric
analysis, detection of the K/7 D816V mutation and biopsy for histological exami-
nation. In addition, in cases with suspected myeloid-associated disease, the BM
study should also include cytogenetic analysis.

It is worth noting, however, that an elevated sbT value could also be secondary to
other conditions (e.g. chronic urticaria, helminthic infections, renal failure, other
myeloid hematological disorders, etc.) or suggest a HAT. 8 Therefore, in the
presence of elevated sbT levels in patients who do not refer suggestive symptoms
of SM, clinical and laboratory tests to exclude secondary causes for increased levels
of sbT, as well as genotypization for HAT are recommended. Also, sbT dosing in
family members should be performed. Genetics study for HAT is also
recommended in patients with sbT > 8 ng/mL in whom the previous BM study has

excluded SM.
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In patients with a sBT higher than normal (> 11.4 ng/ml) but less than 25 ng/ml,
BM evaluation is appropriate in case of suggestive symptoms or detection of the
KIT D816V mutation on peripheral blood. However, in patients with BMM, the
molecular analysis through ASO-qPCR assay on peripheral blood, recently in-
cluded in the diagnostic algorithm proposed by the European Competence Network
on mastocytosis (ECNM), demonstrated a lower sensitivity than that reported in
patients with ISM and skin lesions; therefore, in these cases, the diagnosis of SM
could not be excluded.

In patients with a history of Hymenoptera venom anaphylaxis, drugs or foods or
recurrent idiopathic anaphylaxis, the score proposed by the Spanish Network on
Mastocytosis (REMA) > enables the identification of patients deserving further BM
evaluation (Figure 2). Patients whose REMA score is >2, based on the presence or
absence of four parameters (male sex, sbT > 25 ng/ml, syncope or presyncope and
absence of urticaria and angioedema during allergic reaction), have a high
probability of being affected by a clonal mast cell disorder, with a sensitivity of
92% and a specificity of 81%. >

Finally, since approximately 5% of patients with BMM present with sbT levels
within normal limits (< 11.4 ng/ml) '% in the presence of strong clinical elements
of suspicion the diagnosis of SM should always be excluded, but only if very sen-
sitive diagnostic techniques are available.

Figure 3 summarizes the diagnostic algorithm to be applied to patients with sus-

pected mastocytosis in the absence of skin lesions.

Figure 2. REMA score (Red Espanola de Mastocitosis).

Variable Score
Gender Male +1
Female -1
Clinical Symptoms Absence of urticaria and an- | +1
gioedema
Urticaria  and/or  angi- | -2
oedema
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Presyncope and/or syncope | +3

Basal Tryptase <15 ng/ml -1

> 25 ng/ml +2

4.3 Patients with unexplained osteoporosis

Unexplained osteoporosis with or without fragility fractures might represent the
sole manifestation of BMM.

For this reason, diagnosis of BMM should always be excluded in patients with re-
duced BMD not attributable to other causes, especially in young males with Z-score
< -2 or in the presence of pathological fractures in patients with osteopenia or nor-
mal bone mineral density. *¢ Therefore, dosage of sbT levels should be performed
together with other laboratory exams necessary to exclude other secondary causes
of osteoporosis.

Increased sbT levels may provide a strong suspicion for SM. A sbT value > 25
ng/ml should be considered an indication of BM assessment. Increased sbT levels
could be due to the presence of HAT, although it is known to have a higher preva-
lence in SM patients than in the general healthy population. Thus, the diagnosis of
HAT in patients with unexplained osteoporosis and elevated sbT does not rule out
the indication for BM evaluation. However, a recent study on a large cohort of pa-
tients found that approximately 40% of patients with severe osteoporosis and clonal
mast cell disorders had sbT values < 20 ng/ml. >* As a consequence, even in the
presence of slightly elevated sbT levels in the presence of unexplained osteoporosis,
BM study is recommended.

However, genotypization for HAT is currently only available in a few specialized
centres. Moreover, due to the increased prevalence of HAT in SM patients com-
pared to the general healthy population, diagnosis of HAT in patients with unex-
plained osteoporosis and raised sbT do not exclude SM.

Unlike patients with anaphylaxis, for whom the REMA score may provide indica-
tion for BM study, for the evaluation of patients with unexplained osteoporosis,

lacking typical skin lesions, a diagnostic predictive score is not yet available.
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Figure 3. Suggested diagnostic algorithm for patients with suspected SM
without skin lesions. Modified from Rossini et al. *

Hymenopthera venom * .
anaphylaxis | Other clinical elements of
- suspicion (unexplained severe
\

osteoporosis, fragility fractures,
MC mediator release symptoms)

/ \\ 3
N\ |
i N |

REMA SCORE >2 REMASCORE<2 | |
A i
i v
i Basal serum tryptase | _
value A
o - \ 4 77»"""»‘
>11.4 ng/ml but <25
> 25 ng/ml ng/ml <11.4 ng/ml
Bone marrow study
iﬁﬁx;ﬁ:siﬁg Presence of at least one of the
> molecular analysis: following clinical c.elements:
histology and . -Male sex; .
immunohistochemistry) -History of anaphylaxis;
- Other mediator release symptoms;
- Unexplained osteoporosis or
sclerotic bone lesions;
- Detection of KIT D816V mutation
on peripheral blood
Not diagnostic for SM

Insufficient clinical elements
If serum tryptase > 11.4 ng/ml suggestive of SM and serum
exclude HAT tryptase < 11.4 ng/ml
(TPSABI genotype if available
or serum tryptase dosing in
relatives)

Follow up

* Dosing serum basal tryptase is necessary for determining the REMA score.

2. AIMS AND RATIONALE

Osteoporosis may represent the only symptom of onset of SM. As distinct from

patients with severe anaphylaxis or other mediator-related symptoms, a score to
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predict the association with an underlying SM in patients with unexplained osteo-
porosis is lacking. Furthermore, normal serum sbT levels do not exclude SM diag-
nosis, and sbT levels higher than 8 ng/mL might be due to other causes, e.g., hered-
itary alpha-tryptasemia (HAT), that has been recently documented in about 5% of
the general population. In our experience, more than half of patients with unex-
plained osteoporosis who had undergone BM evaluation in suspicion of SM were
found to be negative for CMD. Thus, a predictive score would be useful to identify
patients with a low probability of having SM and in which BM study could be

avoided.

This retrospective, monocentric study aimed at:

1. analyzing the clinical features of a large series of adult patients referred to
our Interdisciplinary Group for unexplained osteoporosis and suspected
SM, without previously recognized skin lesions.

2. 1identifying clinical or laboratoristic parameters able to predict the diagnosis
of SM and design a predictive scoring model to provide a more precise in-
dication for BM assessment.

3. Evaluate the prevalence and impact of hereditary alpha tryptasemia (HAT)
among patients with SM and related low BMD.

3. METHODS
3.1 Subjects

This study included 139 patients referred to our Interdisciplinary Group for the
Study of Mastocytosis (GISM) from September 2009 to November 2022 because
of unexplained osteoporosis or inappropriate low BMD and/or fragility fractures,
without previously recognized skin lesions. In all patients, other causes of second-
ary osteoporosis had been previously excluded.

All patients in this study had undergone BM evaluation in suspicion of SM, whose
diagnosis was based on the 2016 WHO criteria. '* BMM was defined in accordance

with the latest proposed criteria. 3!
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This study was approved by the local institutional review board and carried out in
accordance with the Declaration of Helsinki. After approval, we queried our data-
base to identify eligible patients.

Demographic, clinical and laboratoristic information and fracture history at the time

of referral were retrospectively collected.

3.2 Clinical and laboratory parameters assessed at diagnosis

Clinical features captured at the time of referral and BM evaluation included age,
sex, date of diagnosis, date of last follow-up, presence of major and minor diagnos-
tic SM criteria according to the WHO classification, the WHO-based final diagno-
sis, presence or absence of skin involvement, menopausal age for women, presence
or absence of mediator-related symptoms and anaphylaxis, history of fractures and
prior therapies for osteoporosis.

Laboratory parameters, when available, were retrospectively collected, including
sbT and BTM (bALP and s-CTX). Other laboratoristic parameters included total
ALP, vitamin D (25-OH Vitamin D), serum parathyroid hormone (PTH), serum
calcium and phosphate, 24-hour urine calcium levels, serum albumin, and C-reac-
tive protein (CRP).

Of note, BTM, vitamin D, PTH, serum calcium and phosphate values used for anal-
ysis referred to pretreatment in patients who had received anti-osteoporotic thera-
pies. If pretreatment values were lacking, patients were excluded from subsequent
analysis.

In patients with a known HAT status, sbT value correction followed the recent con-
sensus proposal by Valent et al. Accordingly, the sbT level was divided by 1 plus
the extra copy numbers of the alpha tryptase gene. !

3.3 Bone marrow assessment

BM evaluation has been performed in all patients studied.

This included the morphologic exam of BM smears (May-Grunwald Giemsa and
Toluidine Blue stain) to identify and quantify spindle-shaped MC on total BM cel-
lularity; multiparameter flow cytometry (using a multiparameter 8-color immuno-

fluorescence technique) on BM samples to assess the aberrant expression of CD25
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and/or CD2 (and CD30 in more recently evaluated patients). on MC surface; histo-
logical exam of BM biopsy (including BM sections stained for hematoxylin-eosin,
Giemsa, reticulin, tryptase and c-kit) to ascertain the MC infiltration and the pres-
ence of fibrosis, lymphoid aggregates or dysplasia; molecular search through ASO-
qPCR of the KIT D816V mutation on DNA or RNA extracted from mononuclear
BM cells and/or peripheral blood (PB) cells. +!%

3.4 Tryptase copy number genotyping and determination of HAT status

58 patients with a sbT level > 8 ng/mL were tested for TPSAB1 copy number var-
iation (CNV) at the National Institutes of Health (NIH). Genotyping was performed
by using droplet digital polymerase chain reaction (dd-PCR), as previously pub-
lished. !% Patients carriers of additional gene copies were classified as HAT+, while
patients with normal copy number were classified as HAT-. CNV was expressed as
follows: 20 (present on the same allele, e.g. B; Paa); 3a, distinguished in 3a (copies
are on the same allele, e.g. BB; Paaa) and 2a +1a (copies are distributed on both
alleles, e.g. Pa; Paca); 4a: in this case, it was not possible to differentiate how the
extra copies were localized, therefore distinguishing between 2a +2a (e.g. Poa;

Baa) or 3o+ la (e.g. Pa; Paoa).

3.5 Evaluation of bone mineral density

The presence of osteoporosis was determined according to the results of a DXA
scan of the femoral neck, total femur and lumbar spine. The Z-score was calculated
by comparing the BMD of individuals of the same age, gender and ethnicity. The
T-score was calculated by comparing the BMD with the peak of bone mass of white
individuals of the same gender.

In post-menopausal women and men aged 50 years or older, osteoporosis was de-
fined as a lumbar spine or hip BMD T-score of — 2.5 SD or less, according to World
Health Organization guidelines. The occurrence of fragility fractures (low-trauma
fractures) led to the diagnosis of osteoporosis irrespective of DXA scan results.

A Z-score threshold of <— 2.0 was used as a diagnostic criterion for the diagnosis
of Mastocytosis-related low BMD in premenopausal women and men younger than

50 years.
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T-score and Z-score values used for subsequent analysis were collected before

eventual bisphosphonates treatment.

3.6 Statistics

The values measured in the population with or without SM were presented using
appropriate descriptive statistics.

For continuous variables with asymmetric distribution, median and range were cal-
culated, whereas qualitative variables were reported using absolute and percentage
frequency tables.

The association between patients with or without SM and potential determinants
was studied by non-parametric Mann-Whitney test for quantitative variables and
Pearson's chi-squared and Fisher exact test (when more than 20% of cells have ex-
pected frequencies < 5) for categorical variables.

Correlation analyses between continuous data were performed using Spearman’s
correlation.

Analysis of receiver operator characteristics (ROC) was performed to assess the
sbT threshold that detects patients with BM alterations and to identify the best cut-
off for our scoring model.

To identify independent variables associated with the diagnosis of SM, a logistic
regression analysis was performed. For this purpose, only variables that were sig-
nificantly different in the univariate study were used for logistic regression model.
Analysis was performed using STATA statistical software, release 17 (StataCorp,
College Station, TX, USA), and GraphPad Prism v8.2.1. Statistical significance
was set at p<0.05.

Our predictive scoring model was based on a point system as described by Sullivan

et al. for coronary heart disease. '
4. RESULTS

4.1 Patients’ baseline clinical characteristics

The entire cohort included 139 patients, 99 females (71.2%) and 40 males (28.8%)

with a median age of 59 years (range 21-86). Patients have been referred to our
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centre for unexplained osteoporosis or inappropriate low BMD and/or fragility frac-
tures, in suspicion of a clonal mast cell disorder.

After BM evaluation 63 patients (45.3%) were diagnosed with SM, whereas the
remaining 76 negative patients (54.7%) constituted our control cohort.

The SM cohort included 42 females and 21 males (sex ratio 0.5) and the median
age at diagnosis was 57 years (range 21-86). Fifty-four SM patients (85.7%) were
diagnosed with BMM, 7 (11.1%) had also previously unknown skin involvement
and were classified as ISM and 2 patients (3.2%) as SM-AHN [BMM associated to
Essential Thrombocytopenia (n=1) and BMM associated to Diffuse Large B Cell
Lymphoma (n=1)]. Nineteen out of 63 (30.1%) patients did not fulfil the major
histological criterion for diagnosis; thus, the diagnosis of SM was based on the
presence of only 3 minor criteria. The D816V KIT mutation was documented in all
SM patients. Unfortunately, the same mutation was searched in PB only in 26 pts
and was positive in seven (26.9%).

Overall, 58.7% (37/63) of SM patients complained of mediator-release symptoms.
Sixteen patients (43.2%) had a history of anaphylaxis [drugs, n=10 (62.5%); Hy-
menoptera venom, n=4 (25%); food, n=2 (12.5%)]. Other less frequently referred
mediator-release symptoms were pruritus (n=12/37, 32.4%), gastritis (n=12/37,
32.4%), flushing (n=5/37, 13.5%), diarrhea (n=4/37, 10.8%). Median sbT was 25.9
ng/mL (range 4.5-165).

The control group comprised 57 females (75%) and 19 males (25%, sex ratio 0.3),
with a median age at referral of 61 years (range 33-83). All patients had undergone
BM study which excluded an underlying clonal mast cell disease (CMD) and none
of them had skin lesions suspected of SM.

Thirty-three patients (47.3%) presented with mediator-release-like symptoms and
15 patients had a history of anaphylaxis [with drugs, n=7/15 (46.6%); food, n=5/15
(33.3%); Hymenoptera venom, n=3/15 (20%)]. Other reported symptoms included
GI disturbs [gastritis, n=10/33 (30.3%); diarrhea, n=6/33(18.2%)], pruritus (9/33,
27.2%) and flushing (8/33, 24.2%). Median sbT at referral was 16.1 ng/mL (range
4-37.3). Clinical baseline characteristics of the entire study cohort are reported in

Table IV.
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Compared to the control group, patients with SM were significantly younger (me-
dian age 57 vs. 61 years, respectively; p=0.0096) and had higher sbT (25.9 vs. 16.1
ng/mL, respectively; p=<0.0001).

ROC curve analysis showed that in our cohort an sbT of 19 ng/mL was the optimal
cut-off value to predict SM. At this cut-off value, an area under the curve of 0.7883
(p=<0.0001) was observed, with a sensitivity and specificity of 71.43% (95% CI,
59.30% to 81.10%) and 76.32% (95% CI, 65.64% to 84.46%), respectively (Figure
4). As shown in Figure 5 only three SM patients in our series had a normal sbT and
increasing levels were associated with higher specificity.

No significant differences in gender prevalence were found between the two groups
(p=0.3473).

Although not significant, more than half of patients (55.6%) with SM referred me-
diator-related symptoms vs. 43.4% of patients in the control group (p=0.0890).
Also, there was no significant difference when considering symptoms’ burden (=2
mediator-release symptoms) among patients with confirmed SM and the control
group (p=0.6320). Differences concerning fracture history will be discussed below.
Predictive variables that were significant in univariate analysis were further in-

cluded in our multivariate analysis, as discussed below.

Table IV. Baseline clinical features of patients with unexplained osteoporosis

who undergone bone marrow evaluation in suspicion of SM.

Characteristics Total Co- Systemic Ma- Control P Va-

hort stocytosis Group lue

Group
Patients No, (%) 139 63 (45.3) 76 (54.7)
Male sex, No (%) 40 (28.8) 21 (33.4) 19 (25.0) 0.3473
Sex Ratio 0.40 0.5 0.33
0.3473

Median Age, yrs 59 (21-86) 57 (21-86) 61 (33-83) 0.0096
(Range)
Median Serum Tryp- | 18.20 (4- 2590 (4.5-165)  16.10(4-37.3)  <0.0001
tase Level, ng/mL 165)
(Range)
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Presence Of Media-
tor-Release Symp-
toms, No (%)

Anaphylaxis, No (%)
Flushing, No (%)
Gastritis, No (%)
Diarrhea, No (%)
Pruritus, No (%)

WHO 2016 DIAG-
NOSIS

Bone Marrow Masto-
cytosis (BMM)

Indolent Systemic
Mastocytosis (ISM)

Systemic Mastocytosis
with Associated He-
matological Neoplasm
(SM-AHN)

Presence of Fragility
Fractures, No (%)

Vertebral Fractures,
No (%)

T Score <-2.5, No
(%)

Low BMD (Z-Score <
—2) *,No (%)

Figure 4. ROC curve analysis of serum basal Tryptase (sbT) levels.

68 (48.9)

31 (22.3)
13 (9.3)
22 (15.8)
10 (7.2)

21 (15.1)

54 (38.8)
7 (5.0)

2(1.4)

118 (84.9)

107 (76.9)

81/83
(97.6)

12/19
(63.1)

37 (58.7)

16 (43.2)
5(13.5)
12 (32.4)
4 (10.8%)

12 (32.4%)

54 (85.7)

7(11.1)

2(3.2)

59 (93.6)

55 (87.3)

32/41 (78.0)

9/14 (64.2)

33 (47.3)

15 (45.4)
8 (24.2)
10 (30.3)
6 (18.2)

9(27.2)

59 (77.6)

52 (68.4)

32/42 (76.2)

3/5 (60.0)

0.0890

>0.9999
0.7718
0.3611

>0.9999

0.2469

0.0092

0.0090

>0.9999

>0.9999

35



100-

80

60

40-

Sensitivity

04— I I I |
0 20 40 60 80 100

100% - Specificity

Figure 5. Distribution of SM patients and controls according to normal (<11.4
ng/mL; n=3 and 14, for SM patients and controls, respectively), moderately
elevated (=11.4 but < 25 ng/mL; n=26 and 53 for SM patients and controls,
respectively) and markedly elevated (= 25 ng/mL; n=33 and 9 for SM patients

and controls, respectively).
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4.2 Fracture history

Overall, 118 patients (84.9%) had a fracture history and the vertebral spine was
most frequently involved (n=107/118, 90.7%) (Table IV). Among 21 patients
(15.1%) without fractures, 17 (81.0%) were among the controls and 4 (6.4%) were
in the SM group. (p=0.0092)

Fifty-nine patients (93.6%) in the SM group presented with fragility fractures. Ver-
tebral fractures were present in 55 patients (87.3%). Three patients (4.7%) had frac-
tures of a long bone and one patient (1.5%) had a minor trauma-induced costal frac-
ture. Fifty-one out of 59 patients (86.4%) had multiple vertebral fractures (defined
as >2).

In the control group, 59/76 patients (77.6%) had a history of fragility fractures, of
whom 52 (68.4%) were vertebral. The remaining patients had long bone (n=3,
3.9%), irregular bone (n=2, 2.7%), flat bone (n=1, 1.3%) and costal fractures (n=1,
1.3%). Forty-eight out of 59 patients (81.3%) had multiple fractures.

Univariate analysis demonstrated that fracture history at the time of referral was
significantly associated with SM (p=0.0092). Furthermore, a significantly higher

proportion of patients with SM presented with vertebral fractures compared to
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controls (87.3% vs. 68.4%, respectively; p=0.0090). Therefore, the presence of ver-
tebral fractures was included in our multivariate analysis.

Also, median age was significantly lower in SM patients with fractures than in con-
trols (57 vs. 64 years, respectively; p=0.0015), confirming that young patients with
fractures should be carefully evaluated to exclude SM-related bone involvement.
Data concerning the predictive value of sbT in patients with fractures are contro-
versial with some authors suggesting higher sbT levels in patients with fractures. >
We then sought to assess differences between SM patients with and without frac-
tures in our cohort. With the limitation of a small sample number, we did not find
any significant difference among patients diagnosed with SM and fracture history
and those without in terms of median sbT (p=0.8005).

We further assessed the possible association between CTX and fractures in the SM
cohort. As reported in other studies ®, in bisphosphonates naive patients elevated
serum CTX levels were not significantly associated with fracture history
(p=0.1887).

Similarly, median ALP levels were not different among patients with and without
fractures in our cohort (p=0.167). Finally, we did not observe any significant cor-
relation between male sex and fractures in both the SM group (p=0.2917) and con-
trols (p=0.0549), but this was probably due to the inferior number of males in both

cohorts.

4.3 Bone turnover markers and other laboratory parameters

Median levels of PTH (available in 47 SM patients and 23 controls, respectively),
ALP (n=52 and 47) serum calcium (n=44 and 37), serum phosphate (n=38 and 33),
serum albumin (n=40 and 24), 24-H urine calcium (n=21 and 18), CRP (n=23 and
17) did not differ significantly among patients with SM and controls (Figure 6).
Vitamin D levels were significantly lower in the SM group than in controls (62.5
vs 77.25 nmol/L, respectively; p=0.0325. Figure 6) but insufficiency was not asso-

ciated with diagnosis in univariate analysis (p=0.1738).
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Overall, median s-CTX (n=38 in the SM group and 33 in the control group) and
bALP levels (n=19 and 15, respectively) were not significantly different among the
two groups (p=0.5492 and 0.3492, respectively).

We investigated the putative relationship between sbT and ALP in both groups and
observed a statistically significant correlation only in SM patients (p=0.0087) but
not in controls (p=0.6202).

Median levels and normal ranges of BTM and other laboratory parameters in both

groups are summarized in Table V. Baseline levels of all parameters were also com-

pared in Figures 6 and 7.

Table V. Median BMT and normal value range in SM patients and controls.

Laboratory Param- Normal Total Co-  Systemic Control PVa-
eter, Range hort, me- Mastocyto- Group, me- lue
Unit dian sis Group, dian (Range)
(Range) median
(Range)
PTH, pmol/L 1.6-6.9 3.85(1.4- 3.7 3.9(1.8-93) 0.7439
11) (1.4-
11)
ALP, U/L 50-130 69 (28- 68 (28-155) 72 (31-191)  0.4994
191)
Serum Calcium, 8.41- 9.5 (8.4- 9.49 (8.5- 9.56 (8.4-10) 0.9492
mg/dL 10.42 10.7) 10.7)
Serum Phosphate, 2.63-4.49 3.4 (1.0- 335(1.2-  3.50(1.0-4.3) 0.9475
mg/dL 5.5) 5.5)
bALP, meg/L 2-20 12.5(2.2- 12.70 (2.2- 11.70 (4.8-  0.3492
37.2) 37.2) 29)
Serum Albumin, 35-55 46.9 (36.0- 52.60 44.80 (36.0-  0.0900
g/LL 67.6) (39.0-67.6) 64.7)
24-H urine calcium, | 100-300 224 (90- 224.0 (90-  200.5(90.0- 0.6306
mg/24h 805) 805.0) 435.0)
CRP, mg/L <5 2.4(0.3-58) 1.2(0.3-58) 3(0.4-37.0)  0.2500
Vitamin D, nmol/L >50 70.5 (15- 62.50 (15-  77.25(35.9- 0.0325
160) 105) 160)
s-CTX, ng/mL 0.200- 0.40 (0.07-  0.41 (0.07- 0.35(0.12-  0.5492
0.700 1.05) 1.05) 1.05)
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Figure 6. Baseline laboratory parameters of SM patients and controls.
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4.4 Bone mineral density evaluation

In the entire cohort, data concerning BMD were available, at least partially, for 122
patients. Of them, 30 patients were excluded from further analysis on BMD because
of previous treatment with bisphosphonates and 9 patients because of insufficient
available data.

Overall, 81 out of 83 evaluable patients (96.4%) were diagnosed with osteoporosis
because of a T-score of -2.5 or less or the presence of fragility fractures and two
patients with osteopenia (T-score between -2.5 and -1.0). Both the patients with
osteopenia underwent BM study because of elevated sbT respectively of 25.9 and
16.9 ng/mL, with associated mediator-related symptoms in the latter case.

The median lowest T-score value was similar in both groups (-2.9 vs. -2.8 in the
SM group and controls, respectively; p=0.5089. Figure 8).

We then compared Z-score values in premenopausal women or men aged less than
50 years in both groups (14 untreated SM patients and 5 controls) but we did not
find any significant difference (median lowest Z-score -2.7 vs -2.5 respectively;

p=0.2896. Figure 8).

Figure 8. Lowest T-score (n=83) and Z-score (n=19) of previously untreated

evaluable patients in both groups.
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4.5 Medications

In the entire cohort, 53 patients were given vitamin D if deficient and/or calcium in
case of reduced diet introit. A total of 106 patients had received anti-resorptive ther-
apy, including 95 patients treated with bisphosphonates. Of them, 74 patients had
received zoledronic acid. The remaining patients had received the monoclonal an-
tibody denosumab (n=10) and alpha-interferon (n=1). Forty-six out of 106 patients

have received antiresorptive therapy before being included in our study.

4.6 Hereditary Alpha-Tryptasemia (HAT)

To estimate the prevalence and influence of HAT among patients with SM and re-
lated low BMD, 58 patients (35 females and 23 males) with sbT > 8 ng/mL were
also genotyped for HAT, as discussed above. Of them, 34 patients (58.6%) had
received a diagnosis of SM and 24 (41.4%) were controls.

The SM group included 30 patients (88.2%) diagnosed with BMM, 3 patients
(8.9%) with ISM and skin involvement and one patient (2.9%) with SM-AHN.
The D816V KIT mutation has been detected in BM in all 34 SM patients; on the
contrary, the same was found in PB in only 5 out of 19 (26.3%) SM patients tested.
Both groups had similar female prevalence (18/34, 52.9% females in the SM group
and 17/24, 70.8% among controls, p=0.1877) and median age (56 and 56.5 years
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for SM patients and controls, respectively; p=0.3203). Twenty-nine patients (50%)
in the entire cohort presented with mediator-related symptoms, of whom 18 (52.9%)
were in the SM group and 11 (45.8%) among controls (p=0.7901). The great ma-
jority of patients in this cohort tested for HAT had fragility fractures, without sig-
nificant differences between groups. Unsurprisingly, sbT levels were higher in the
SM group than controls (p>0.0001).

Clinical and laboratory features of 58 patients tested for HAT are summarized in
Table VI.

Overall, genotyping of the TPSABI gene encoding alpha-tryptase demonstrated in-
creased copy number in 24 patients (HAT" patients): 7 out of 34 SM patients
(20.6%), all diagnosed with BMM, and as expected in 17/24 (70.8%) controls (Ta-
ble VI). Although in a limited number of SM patients, the prevalence of HAT in
our cohort was slightly higher than that reported in other studies. 80-82-84.106

The most common genotype in the entire HAT" cohort was 2o (n=15, 62.5%),
whereas 2a +1a and 3o genotypes were found in 8 (33.3%) and in one patient
(4.2%), respectively, without difference between the two groups.

SM HAT" patients displayed significantly higher median sbT levels than HAT" con-
trols (40.9 vs 17.9 ng/mL, respectively; p=0.0007. Data not shown.). Nevertheless,
5 out of 7 patients (71.4%) have been diagnosed with SM based on only three minor
criteria.

Characteristics of HAT" and HAT- patients, irrespective of the diagnosis, were de-
tailed in Table VII.

In our cohort, HAT" patients had a lower prevalence of fractures than negative pa-
tients (79.1% vs. 100%; p=0.0093). Indeed, no differences were found in terms of
mediator-related symptoms (p=0.7901) or history of anaphylaxis (p=0.4016), irre-
spective of the increased copy numbers of TPBSA1. These data are in contrast with
evidence supporting a higher risk of anaphylaxis in patients with HAT but may be
influenced by the limited number of patients analyzed.

The lowest T-score value was available for 19/24 patients with confirmed HAT and
31/34 negative patients, but no statistically significant differences were found

among the two groups (p=0.7547).
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Further, we compared the clinical characteristics of 7 SM patients who also had
increased TPSAB1 copy number with 27 patients with normal genotype (SM HAT-
). Five out of 7 SM HAT" patients had a 2a. and two patients a 2o +1o genotype
(Table VIII).

SM patients with HAT had a higher median age (66 vs. 52 years; p=0.0139) and
higher median sbT (40.9 vs. 23.8 ng/mL, p=0.2249).

After correction of sbT as described above, we found a median level of 20.4 ng/mL
for SM HAT" patients, that was no longer significantly different from HAT nega-
tives (p=0.1067).

We observed a non-significant lower median T-score in SM HAT" patients (-2.9 vs
-2.6 in SM HAT" patients; p=0.9682). All but one (85.71%) SM HAT" patients had
a history of previous fractures compared to all SM HAT".

With the limitation of the few patients with HAT" status, we did not observe a
higher mediator-related symptoms incidence as compared to normal oa-tryptase
genotype SM patients (p=0.6815).

Our findings on SM HAT" patients are consistent with previous reports, but due to
the limited number of patients described it was not possible to draw meaningful
conclusions. However, the adjusted median sbT in our patients was halved and not
significantly different from patients with HAT- SM, supporting the hypothesis that

a lower diagnostic sbT threshold (< 20 ng/mL) could avoid misdiagnosis.

Table VI. Clinical features of 58 patients with unexplained osteoporosis and
basal serum Tryptase > 8 ng/mL, evaluated for Hereditary Alpha Tryp-
tasemia (HAT).

Characteristics Total Co-  Systemic Mastocy- Control P Value

hort tosis Group

Group

Total No, (%) 58 (100) 34 (58.6) 24 (41.4)
Male sex, No (%) 23 (39.7) 16 (47.1) 7(29.2) 0.1877
Sex Ratio 0.6 0.8 0.4 0.1877
Median Age, Yrs 56 (33-86) 56 (34-86) 56.5 (33- 0.3203
(Range) 82)
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Median Serum Tryp- | 19.4 (8-81) 25.85 (8-81) 16.1 (8- <0.0001
tase Level, ng/mL 29.8)
(Range)
Presence Of Media- 29 (50.0) 18 (52.9) 11 (45.8) 0.7901
tor-Release Symp-
toms, No (%)
Previous Fragility 53 (91.3) 33(97.1) 20 (83.3) 0.1488
Fractures, No (%)
Low BMD (Z-Score < 17/38 14/26 (53.8) 3/12(25.0)  0.1612
—2) *, No (%) (44.3)
T-Score <-2.5, No (%) 36/50 23/30 (76.7) 13/20 0.5216
(72.0) (65.0)

HAT Positive Pa- 24/58 7/34 (20.6) 17/24 0.0002
tients, No (%) (41.4) (70.8)
HAT Genotype, No
(%) 15/24(62.5) 5/7(71.4) 10/17 0.6687
20 8/24 (33.3) 2/7 (28.6) (58.8) >0.999
20+l 1/24 (4.2) 0/7 6/17 (35.3) 0.0024
3a 1/17 (5.9)
KIT D816V mutated 5/31 (16.1) 5/19 (26.3) 0/12 -
(PB), No (%) §
KIT D816V mutated 34/58 34/34 (100) 0/24 -
(BM), No (%) (58.6)

*PB=peripheral blood

**BM=bone marrow

q tested in 33 out of 58 patients

Table VILI. Clinical features of HAT" and HAT- patients.
Characteristics Total Cohort HAT" HAT P Value
Total No, (%) 58 (100) 24 (41.4) 34 (58.6)
Male sex No (%) 23 (39.6) 5(20.8) 18 (52.9) 0.0164
Sex Ratio 0.6 0.2 1.1
Median Age, Years 63 (33-81) 63 (33-81) 53 (34-86) 0.1271
(Range)
Median Serum Tryp- | 19.4 (8-81) 19.6 (10.1-65) 19.1 (8-81) 0.9220
tase Level, ng/mL
(Range)
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Presence Of Media- 29 (50.0) 11 (45.8) 18 (52.9) 0.7901

tor-Release Symp-

toms, No (%)

History Of Anaphy- | 18 (31.0) 9 (37.5) 9 (26.4) 0.4016

laxis, No (%)

Previous Fragility 53 (91.4) 19 (79.1) 34(100) 0.0093

Fractures

Low BMD (Z-Score < | 5/8 (62.5) 0/1 (0) 5/7(71.4)  0.3750

—2) %, No (%)

T-Score <-2.5, No (%) | 36/50 (72.0) 13/19(64.4) 23/31 0.7500

(74.1)
Table VIIL Clinical characteristics of seven SM HAT" patients.
Patient Gender Age SM Va- HAT Ge- Tryp- Adjusted Lowest History Of Mediator- History of
(Yrs) riant notype tase Tryptase T-Score Fractures Related Hymenop-

Level at Level at at Dx Symptoms tera venom
Dx Dx Anaphy-
(ng/mL) (ng/mL) laxis

#1 F 70 BMM | 2a.+1a | 42 21 -2.6 Y Y Y

#2 M 48 BMM | 2a 43.9 21.8 -4.4 Y Y Y

#3 F 65 BMM | 2a 40.9 20.4 -2.4 Y N N

#4 F 66 BMM | 2a 25 12.5 NA Y N N

#5 F 73 BMM | 2o+ 1a | 21.3 10.6 -4.3 Y N N

#6 F 77 BMM | 2a 65 325 NA N N N

#71 F 65 BMM | 2a 25.9 12.9 -2 Y Y Y

4.7 Construction of a predictive scoring model for patients with un-

explained osteoporosis

In this study, we also aimed to build a predictive scoring model to be applied to

patients with unexplained osteoporosis and without skin lesions, in which SM

should be ruled out. The clinical application of this score would identify patients at

higher risk of SM and provide an accurate indication to BM study.

Table IX. illustrate predictive variables for the diagnosis of SM identified in both

univariate and multivariate analysis. A scoring model was built by using clinical
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and laboratoristic variables that were independently associated with diagnosis in
multivariate analysis.

First, we performed a sex-adjusted logistic regression to identify the best combina-
tion of factors associated with each subgroup of patients (SM and controls). Varia-
bles that were statistically significant in univariate analysis were included (age at

diagnosis, sbT and vertebral fractures).

Table IX. Multivariate analysis of clinical and laboratory features predictive

of SM in patients with unexplained osteoporosis.

Odds ra-

Variables tio Std.err. z p value 95% CI
Male sex 0.8055 0.3958 -0.44 0.660 0.3075-2.110

Age at dx 0.9327 0.0192 -3.37 <0.001 0.8956-

0.9713

Tryptase >19 8.015 3.4050 4.90 <0.001 3.4863-

ng/mL 18.4304

Vertebral frac- 4.8653 2.7162 2.83 0.005 1.6289-

tures 14.5317

The estimated regression coefficients were used to assign points to each variable
included in our score, as previously described. 7 Points were rounded to the nearest

integer.

Table X. Determination of regression coefficients for each variable included in
the scoring model.

Coeffi-
Variables cient Std.err. z p value 95% CI
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Male sex -0.2162 0.4913 -0.44 0.660 -1.1792-
0.7468

Age at dx -0.0696 0.0206 -3.37 <0.001 -0.1101-
0.0290

Tryptase >19 2.0814 0.4247 4.90 <0.001 1.2488-
ng/mL 2.9140
Vertebral frac- 1.5821 0.5582 2.83 0.005 0.4879-
tures 2.6763

We divided age into three categories and determined a reference value (i.e., mid-
point) for each class. The reference value was then multiplied for the regression
coefficient of age to obtain points assigned to each class, as shown in Table XI.
Patients aged less than 54 years were given 2 points because of a higher risk of
being affected by SM, those aged between 54 and 64 years were given 0 points

(base category) and patients older than 64 years were assigned -1 point.

Table XI. Determination of age classes and reference value for each category.

Fre-
Age category quency % Mean Reference Points
<54 yrs 42 30.22 37 37-59=-22 | -22*-0.0696=
1.5312
54-64 yrs 49 35.25 59 59-50=0 0*-0.0696=0
> 64 yrs 48 34.53 75.5 75.5-59= 16.5%-0.0696= -
16.5 1.1484
Total 139 100.00 / 0.005 /

The ROC analyses indicated 19 ng/mL as the best sbT cut-off level related to SM,
with a sensitivity and specificity of 71.43% (95% CI, 59.30% to 81.10%) and
76.32% (95% CI, 65.64% to 84.46%), respectively (AUC = 0:7883, p <0.0001). In
our model, we considered sbT > 19 ng/mL as a binary variable. Patients with sbT
higher than this cut-off received 2 points, whereas patients with lower sbT were

given 0 points.
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Similarly, patients presenting with vertebral fractures were given 2 points and those
without fractures were given 0 points. Figure 9 illustrates our score model and
points assigned to each variable.

ROC curve analysis was used to determine the optimal cut-off value of our score to

predict the diagnosis of SM. We choose a cut-off value of > 3 to obtain the highest

specificity by maintaining an adequate sensitivity. In our study, a score of > 3 was
associated with a sensitivity and specificity of 71.43% (95% CI, 59.30% to 81.10%)
and 67.11% (95% CI, 55.94% to 76.62%), respectively. The positive predictive
value was 64.24% (95% CI, 52.59% to 74.50%) and the negative predictive value
was 73.91% (95% CI, 62.49% to 82.81%), Figure 10.

Of note, when the same score was applied to our cohort of 58 patients with a known
HAT status and adjusting the sbT level in HAT positive patients, the specificity
increased to 79.17% (95% CI, 59.53% to 90.76%) with a similar sensitivity of
73.53% (95% CI, 56.88% to 85.40%). Also, the positive predictive value raised to
83.33% (95% CI, 66.44% to 92.66%) and the negative predictive value was 67.86%
(95% C1, 49.34% to 82.07%), Figure 11.

These findings show that irrespective of the HAT status, a combination of sbT, age
and history of vertebral fractures could improve the identification of patients with
a higher risk of being diagnosed with SM. Besides, in patients with a known HAT"
status, the application of this highly specific score would be helpful to avoid useless

BM assessment.

Figure 9. Predictive scoring model proposed for patients with unexplained os-

teoporosis before a BM study.

Variable Score
Age < 54 years +2
54-64 years 0
> 64 years -1
Tryptase > 19 ng/mL +2
<19 ng/mL 0
Vertebral Fractures Yes +2
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No 0

Score 2> 3: higher probability of SM

Score < 3: lower probability of SM

Figure 10. Distribution of SM patients (n=63) and controls (n=76) according

to our predictive score.
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Figure 11. Distribution of 58 patients (SM patients, n=34; controls, n=24)

with a known HAT status according to our predictive score.
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*baseline sbT adjusted if HAT*

S. DISCUSSION

Here we report on a large series of patients addressed to our Multidisciplinary
Group for the study of Mastocytosis for unexplained osteoporosis without known
skin lesions, in suspicion of SM. All patients underwent BM assessment and more
than half of them (54.7%) were found to be negative for CMD. While for patients
with severe mediator symptoms or anaphylaxis, a predictive scoring model has been
validated years ago and is widely used to identify patients with a higher risk of
CMD, the indication for BM assessment in patients presenting only with bone in-
volvement is mainly based on sbT levels.

HAT, a recently described genetic autosomal condition, accounts for elevated sbT
in almost 5-8% of the otherwise healthy general population. 78033 Furthermore, up
to 18% of SM patients have also been shown to carry additional copy numbers of
the TPSABI1 gene. 823 Therefore, a recent consensus proposal suggests correcting
the value of sbT in patients with a known HAT positive status, to avoid its overes-
timation and false diagnosis of SM. 3!

On the other hand, with the rare exception of aggressive SM, the great majority of
patients with SM lacking skin involvement in our Center are diagnosed with BMM.

This subvariant has a more indolent clinical course, a low disease burden and is
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often associated with lower or even normal sbT. 323 Consequently, a normal or
slightly elevated sbT could not exclude the diagnosis of SM, as well as elevated
levels could reflect an underlying non-clonal condition, such as HAT.

Bone involvement has a variable prevalence, ranging from 8 to 40% 46 in patients
with SM and could represent the only clinical element of suspicion in almost one-
third of cases. In the absence of skin lesions, representing a strong recommendation
for BM evaluation, the diagnosis could be challenging and should be based on the
presence of other elements of suspicion or increased sbT. However, in a large Italian
series of osteoporotic patients, the diagnostic threshold of sbT of 20.0 ng/mL
showed high sensitivity but low specificity, with 40% of patients having only
slightly elevated levels between 11.4 and 20.0 ng/mL. >*

Similarly, 82 out of 139 patients (58.9%) included in our study had normal (< 11.4
ng/mL) or mildly elevated sbT (<20 ng/mL) and only half of them (n=41, 50%)
complained of mediator release symptoms. After BM assessment, only 22/82 pa-
tients (26.8%) were diagnosed with SM. As such, in most cases BM study could
have been avoided (49 out of 60 controls, 81.6%). These findings support the need
for a careful clinical and laboratoristic evaluation before candidating patients for
BM evaluation, also highlighting the limited usefulness of sbT alone.

Based on these evidence, our study describes the clinical and laboratoristic features
of patients evaluated in our reference Center for unexplained osteoporosis, aiming
at identifying significant and predictive differences between patients diagnosed
with SM and those in which a CMD was excluded.

In our study, younger age and sbT levels were significantly different in SM patients
and controls [57 vs 61 years (p=0.0096) and 25.9 vs 16.1 ng/mL (p<0.0001), re-
spectively] and displayed a predictive value both in univariate and multivariate
analysis. Thus, these data confirmed that an elevated sbT level significantly raises
the probability of being affected by SM, representing an indication for BM assess-
ment. Besides, unexplained osteoporosis in young patients without other risk fac-
tors should be considered an element of suspicion for CMD.

Other studies have reported an association between male sex and osteoporotic man-
ifestations, suggesting that it may be also used as a predictor of fracture risk in SM

patients. ***In our study, gender was not significantly associated with a higher
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probability of being diagnosed with SM. Nevertheless, both groups showed a fe-
male prevalence. One possible explanation is that osteoporosis is infrequently ex-
plored in males, except for patients with fragility fractures. Furthermore, although
we observed a slightly higher prevalence of mediator-release symptoms in SM pa-
tients (58.7 vs. 47.3% in controls, p=0.0890), neither their presence nor the symp-
toms were significantly different between the two groups.

Most of the patients studied presented with fractures, mainly involving the spine,
and both univariate and multivariate analysis confirmed the predictive diagnostic
value of vertebral fractures. When comparing DXA scores (T-score and Z-score) in
previously untreated of both groups we did not observe any significant difference,
although the small number of evaluable patients represented a possible limitation.
Previous studies reported a higher sbT in SM patients with a history of fractures 2,
which we could not confirm in our series, probably due to the few SM patients
without fractures. Moreover, bone remodelling markers were not significantly dif-
ferent in SM patients with bone involvement as compared to controls, as already
reported %0, but we found a statistically significant correlation between ALP and
sbT only in SM patients (p=0.0087).

Based on these results, we identified 3 variables (age, sbT > 19 ng/mL and vertebral
fractures) independently associated with the diagnosis of SM and multivariate lo-
gistic regression was then fitted by using these predictive factors. A score of > 3
showed a sensitivity and specificity of 71.43 (95% CI 59.30 to 81.10%) and 67.11%
(95% CI, 55.94 to 76.62%), respectively. Considering that in our cohort 76 out of
139 patients (54.7%) who undergone BM evaluation were negative for SM, through
the application of this model we could have avoided this invasive surgical proce-
dure in at least half of them. In fact, a relevant higher proportion of patients with a
score < 3 belonged to the control group (67.1 vs 28.5% of SM patients), suggesting
that before performing a BM study in these patients other tests, such as HAT gen-
otyping and molecular analysis for the identification of K/7 D816V mutation in
peripheral blood could be considered.

To assess the clinical impact of HAT in patients with unexplained osteoporosis we
analyzed the clinical and laboratoristic data of 58 patients with a known HAT status,

previously genotyped because of a sbT level > 8 ng/mL. Although in a limited
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number of patients, we found a 20.6% prevalence of HAT in our SM patients, which

was higher than that reported in other studies. $>198

Interestingly, we observed a
trend toward a lower median T-score in HAT- than in HAT' SM patients, according
to data reported by Sordi et al. 8 One possible explanation for this finding, although
not statistically significant, is that a higher symptoms burden in HAT" patients
could anticipate medical referral and subsequent diagnosis, thus allowing an appro-
priate clinical management and prevention of SM complications, including osteo-
porosis. Nevertheless, in the limited number of SM HAT" patients included in our
study, we did not observe a higher incidence of mediator-related symptoms.

Of note, when our predictive score was applied to those 58 patients genotyped for
HAT in our series, recalculating previously sbT levels of HAT" patients by adjust-
ing for the extra copy number of the a-tryptase, we observed an increased specific-
ity of 79.17% with similar sensitivity of 73.53% and a positive predictive value of
83.33%. However, this approach is still debated and requires further validation
studies to define the best tryptase correction model in HAT carriers. Despite this
consideration, we believe that the growing knowledge of HAT and the future intro-
duction of genotyping in clinical practice could contribute to improving the speci-
ficity of our model, by eliminating the confounding element of an elevated sbT level
in otherwise healthy patients.

Furthermore, the low detection of the D816V KI/T mutation in PB in this setting of
SM patients suggests that this test is not reliable in identifying patients with unex-
plained osteoporosis at increased risk of Mastocytosis. However, in our series, the
D816V KIT mutation has been searched in a limited number of patients and with
low-sensitive techniques in some cases. As data from a Spanish study showed a
higher sensitivity (up to 66%) when ASO-gPCR is used *°, we hypothesized a di-
agnostic pathway including both genotyping, molecular testing on PB and our pre-
dictive score (Figure 12).

As previously discussed, the incidence of SM among patients with unexplained os-
teoporosis is unclear and probably underestimated. Nevertheless, SM is still con-
sidered a rare cause of secondary osteoporosis. To our knowledge, this is the larger
cohort of patients referred only for unexplained osteoporosis and suspicion of SM,

described so far. Considering the rarity and poor knowledge of this disease, we
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believe that the number of patients included in our study is worth noting. However,
if a higher number of patients could have been analyzed we were possibly able to
identify other predictive factors of the diagnosis (e.g., male sex), as well as to obtain
a more sensitive and specific diagnostic score.

In conclusion, our findings remark on the importance of considering the diagnosis
of SM in cases of unexplained osteoporosis, but in our series more than half of
patients who underwent BM study in suspicion of SM were found to be negative.
Thus, our proposed score could avoid unuseful BM studies, allowing the identifi-
cation of patients with the highest probability of being diagnosed with SM. Further
validation studies in a larger multicenter cohort are needed to confirm our results.
Also, future studies will clarify if HAT genotyping and searching for the KIT
D816V mutation in peripheral blood in patients with unexplained osteoporosis and

a score < 3 can lower the risk of misdiagnosing patients with mastocytosis.

Figure 12. Proposed diagnostic pathway for patients with unexplained osteo-

porosis, without skin lesions, in suspicion of SM.
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HAT=hereditary alpha tryptasemia; PB= peripheral blood; sbT=serum basal tryptase; BM= bone

marrow.
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Appendix 1. Tables

Table 1. Mastocytosis variant and subvariants according to the 2022 WHO Classi-
fication.

Table II. Criteria for diagnosis and definition of major clinical variants of Systemic
Mastocytosis (SM) (WHO, 2016; updated in 2022).

Table III. Classification of Systemic Mastocytosis (WHO rev 2022).

Table IV. Baseline clinical features of patients with unexplained osteoporosis who

undergone bone marrow evaluation in suspicion of SM.
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Table V. Median BMT and normal value range in SM patients and controls.
Table VI. Cinical features of 58 patients with unexplained osteoporosis and basal
serum Tryptase > 8 ng/mL, evaluated for Hereditary Alpha Tryptasemia (HAT).
Table VII. Cinical features of HAT+ and HAT- patients.

Table VIII. Clinical characteristics of seven SM HAT+ patients.

Table IX. Multivariate analysis of clinical and laboratory features associated with
SM.

Table X. Determination of regression coefficients for each variable included in the

scoring model.

Appendix II. Figures

Figure 1. Bone marrow histology of a case of D816V KIT-mutated ISM: aggregate
of more than 15 mast cells. (A: H&E; B: CD117 staining, C: CD25 staining).
Figure 2. REMA score (Red Espanola de Mastocitosis).

Figure 3. Suggested diagnostic algorithm for patients with suspected SM without
skin lesions.

Modified from Rossini et al, Osteoporos Int 2016; 27, 2411-2421.

Figure 4. ROC curve analysis of serum basal Tryptase (sbT) levels.

Figure 5. Distribution of SM patients and controls according to normal (< 11.4
ng/mL), moderately elevated (>11.4 but < 25 ng/mL) and markedly elevated (> 25
ng/mL).

Figure 6. Baseline laboratory parameters of SM patients and controls.

Figure 7. Baseline BMT levels of SM patients and controls.

Figure 8. Lowest T-score (n=83) and Z-score (n=19) of untreated evaluable pa-
tients in both groups.

Figure 9. Predictive scoring model proposed for patients with unexplained osteo-
porosis before a BM study.

Figure 10. Distribution of SM patients and controls according to our predictive
score.

Figure 11. Distribution of 58 patients (SM patients, n=34; controls, n=24) with a

known HAT status according to our predictive score.
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Figure 12. Proposed diagnostic pathway for patients with unexplained osteoporo-

sis, without skin lesions, in suspicion of SM.
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