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Abbreviations

BMD Bone mineral density
DKK1 Dickkopf-related protein 1
DXA Dual-energy X-ray absorptiometry

FN Femoral neck

IL Interleukin

IL Interleukins

ISM Indolent systemic mastocytosis
LS Lumbar spine

LT Leukotrienes

OPG Osteoprotegerin

P1CP Propeptide of type I C-terminal procollagen

PINP Propeptide of type I N-terminal procollagen

PAF Platelet-activating factor

PGD2 Prostaglandin D2

PTH Parathyroid hormone

PTH-rP  Parathyroid hormone-related peptide

RANK  Receptor activator of nuclear factor-kB (NF-kB)
RANKL Receptor activator of nuclear factor-kB (NF-kB) ligand
SCF Stem cell factor
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SM Systemic mastocytosis

TGF-f  Transforming growth factor-beta
TH Total hip

TNF Tumor necrosis factor

VEGF Vascular endothelial growth factor

Introduction

Mastocytosis is caused by a neoplastic proliferation of abnormal mast cells (MC),
driven by the binding of stem cell factor with the tyrosine kinase receptor
KIT(CD117), in the mast cell progenitor, resulting in the activation and prolifera-
tion of mast cells. This accumulation and infiltration of mast cells in different tis-
sues and organs lead to a heterogeneous group of diseases, ranging from cutaneous
mastocytosis, involving the skin, to systemic mastocytosis (infiltrating deep organs).
Cutaneous mastocytosis is usually seen during infancy and childhood and typically
associated with a relatively good prognosis and spontaneous remission. Systemic
mastocytosis, the most common form in adults, is generally more disturbing and
associated with involvement of multiple organs and tissues other than skin, organ
failure, and reduced life span. Furthermore, systemic mastocytosis (SM) is itself a
heterogeneous group of diseases with variable prognoses. The clinical spectrum of
SM varies from pre-diagnostic SM to mast cell leukemia. Other clinical varieties
include indolent SM, smoldering SM, aggressive SM, and SM associated with
hematologic malignancy or mast cell leukemia. Mast cell sarcoma (MCS) and
extracutaneous mastocytoma are two other clinical conditions that have no SM cri-
teria. Pre-diagnostic SM is the term for colonization of abnormal mast cells in bone
marrow that does not fulfill the criteria of SM [1-3].

According to World Health Organization (WHO) classification, major criteria for
SM are the presence of multifocal, dense infiltration of mast cells (aggregation of
>15 mast cells) in biopsy of bone marrow or extracutaneous organs. Minor criteria
include >25% mast cells with atypical or immature morphology; activating muta-
tion D816V; presence of CD2- or CD25-positive mast cells in bone marrow, blood,
or other extracutaneous organs; and tryptase level persistently >20 ng/ml. The pres-
ence of the major criterion and one minor criterion or at least three minor criteria
support the diagnosis of SM. Serum tryptase level has a positive correlation with
mast cell burden [2]. Other helpful tools for diagnosis include immunohistochemi-
cal staining against CD117 (KIT) and tryptase in bone marrow and analysis of urine
histamine mediators [3].

Indolent SM is the most common type of SM that is usually associated with skin
and gastrointestinal manifestations [4]. Disease progression is manifested by the
appearance of B and/or C findings, which correlate with poorer prognosis. B find-
ings include >30% infiltration of bone marrow by mast cells, serum total tryptase
level >200 ng/mL, dysplasia or myeloproliferation in hematopoietic lineage other
than mast cells, hepatomegaly with normal liver function, palpable splenomegaly
with no signs of hypersplenism, and lymphadenopathy. C findings include cytope-
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nia of one or more hematopoietic cell lineages without evident malignancy, palpa-
ble hepatomegaly associated with liver function abnormalities, ascites, portal
hypertension, bone involvement manifested with large osteolytic lesions and/or
pathological fractures, palpable splenomegaly accompanying with signs of hyper-
splenism, and malabsorption concomitant with weight loss [2].

The most common mutation (found in 80-90% persons with systemic mastocy-
tosis) is a gain-of-function mutation in the KIT receptor (D816V mutation) that
leads to the neoplastic growth of MCs. The oncogene c-kit encodes c-Kit receptor,
a class III receptor tyrosine kinase, which has five extracellular domains that are
structurally like immunoglobulins, and a transmembrane portion. The gain-of-
function mutation can potentiate the interaction of stem cell factor (SCF) with
upper extracellular domains of receptor by inducing dimerization in lower extra-
cellular domains. This interaction leads to a signaling transduction that plays a
crucial role in facilitating angiogenesis, migration, cell survival, and proliferation
of MCs [5, 6].

Pathogenesis and Etiology of Bone Disease in Mastocytosis

Bone is one of the major organ involvements in adult SM [1]. The exact mecha-
nisms of bone involvement, including fragility, bone infiltration, bone loss, and
sclerosis, in SM patients are not completely understood.

Osteoporosis and fracture occur more commonly in the lumbar spine than in the
hip, demonstrating that the major underlying pathogenic process that leads to
greater trabecular bone loss than cortical bone loss, in a similar pattern as most
forms of osteoporosis. This preferential loss in the trabecular bone might be
explained by the fact that neoplastic proliferation of abnormal mast cells occurs in
bone marrow with higher metabolic activity [1, 3].

It is generally believed that neoplastic infiltration of mast cells, mast cell activa-
tion with release of different mediators (histamine, tryptase, and heparin), and
inflammatory markers (TNF, growth factors, and ILs), all critically contribute to
bone loss [3] (Fig. 8.1).

The bone histomorphometric information in SM patients with osteoporosis
showed increase [7] or no change [8] in osteoclast number. However, the deteriora-
tion of bone health could be due to alteration of bone structure, increased bone
turnover, increased osteoid tissue, fibrosis of peritrabecular area, and changes in
trabecular structure [1, 3, 7, 9].

In addition, osteoclasts themselves express KIT on their surfaces that can also
interact with SCF, but an increase in osteoclast activity due to this interaction is not
proven definitively [10]. At the same time, KIT D816V mutation may increase
oncostatin M, a mast cell secretion that stimulates proliferation of osteoblasts, endo-
thelial cells, and fibroblasts and serves as a profibrogenic and angiogenic modulator
[11]. However, the fraction of cells that acquire the KIT D816V mutation has no
correlation with disease severity in ISM patients [12].
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Fig. 8.1 Pathogenesis of SM-related bone events. Local release or newly synthesized mediators of
mast cells lead to bone pain, osteopenia, osteoporosis, osteolysis, and/or osteosclerosis

The process of mast cell activation has three steps, namely, degranulation, which
occurs in a few seconds; synthesis and release of mediators originating from the
lipid bilayer of the cell membrane in several minutes; and finally, within minutes to
hours, synthesis of a mass of inflammatory cytokines [1, 3]. Mast cell products
include [1] stored mediators in the granules such as tryptase, histamine, serotonin,
heparin, and chymase, which can be secreted immediately; [2] newly synthesized
biologic markers such as platelet-activating factor (PAF), prostaglandin D2 (PGD2),
and leukotrienes (LTB4 and LTD4), produced after stimulation; and [3] different
cytokines such as interleukins (IL-1, IL-3, IL-5, IL-8, and IL-10), TNF-a, TGF-p,
GM-CSF, and VEGF. Thus, mast cells can secrete different biologic markers and
have the ability to express variable receptors such as receptor for immunoglobulin,
hormones, or Toll-like receptors, complement, chemokines and cytokines. The
interaction between these highly complex structures of cells and biomarkers may
augment or downregulate the immune response to allergens or antigens [6]
(Fig. 8.1).
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The bone remodeling process is a coordinated interaction between osteoblasts,
osteoclasts, and osteocytes, which is, in turn, regulated by mechanical stimuli and
diverse endocrine, paracrine, and autocrine biologic markers. PTH (parathyroid
hormone) and the Wnt signaling pathway play crucial roles in osteoblast develop-
ment and function. Receptor activator of nuclear factor-xB ligand (RANKL) is
encoded by type 11 of tumor necrosis factor superfamily gene (TNFSF11) and leads
to osteocyte formation and activation. Wnt activation also increases p-catenin lev-
els, which increase osteoblast secretion of OPG (osteoprotegerin), which competi-
tively blocks RANKL, blocking osteoclast stimulation [13, 14]. Sclerostin, a
product of osteocytes stimulated by PTH, and DKK1 (Dickkopf-related protein 1),
a soluble protein from osteoblasts, both act as endogenous inhibitors of the Wnt
pathway [1].

The underlying processes that have been involved in the impairment of bone
health in SM patients are highly complex. Interactions between bone cells includ-
ing osteoblasts, osteoclasts and osteocytes, immune cells, inflammatory media-
tors, and endocrine parameters determine the severity and type of bone
involvement. Cytokines, including TNF-a, IL-1, and IL-6, can increase osteoclast
activity and reduce osteoblast performance [10, 15, 16]. However, increase in the
serum levels of bone formation markers such as OPG and bone-specific alkaline
phosphatase and bone resorption markers including RANKL, SOST (Sclerostin
gene), DKKI1, and CTX (C-terminal telopeptide or carboxy-terminal collagen
crosslinks) are also reported [17, 18], which perhaps means SM upregulates bone
turnover with the dominancy of bone resorption over bone formation. The level
and role of the Wnt inhibitors DKK1 and sclerostin are controversial. Rossini
reported that serum levels of DKKI, but not sclerostin, were significantly higher
in ISM patients and had positive correlation with PTH and bone turnover markers,
CTX and bALP, but ISM patients with one or more vertebral fracture had lower
serum DKKI levels [18]. However, Rabenhorst found significant increase in
serum levels of sclerostin, but not DKK1, in ISM patients [17]. RANKL is con-
sistently elevated in SM patients in different studies, and to the best of our knowl-
edge, there are no reports of decreased RANKL serum level in ISM patients.
Additionally, treating ISM patients with denosumab (anti-RANKL human mono-
clonal antibody) for 1 year not only improves BMD and reduces bone turnover
markers but may also decrease tryptase levels, which correlate with mast cell
mass [19] (Fig. 8.1).

It seems that histamine can also modify the function of both osteoblasts and
osteoclasts. Histamine serum levels have a positive correlation with osteoporosis in
SM patients. Antihistamines (H1 blocker) can block differentiation of mesenchymal
stem cells into osteoblasts [20]. However, regulating the gene for histamine synthe-
sis by knocking out the histidine decarboxylase gene is associated with elevated
calcitriol, alkaline phosphatase, and RANKL, while this suppresses PTH, which
might explain protection from ovariectomy-induced bone loss [21]. Additionally,
ketotifen (a mast cell degranulation inhibitor) improved bone pain, increased
1,25-dihydroxyvitamin D3 and osteocalcin levels, and normalized elevated plasma
and urine histamine levels in a 59-year-old man with SM [22].
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Clinical Bone Manifestations of Systemic Mastocytosis (SM)

Bone involvement can manifest with a varying clinical spectrum from asymptom-
atic to bone pain, with osteopenia, osteoporotic with fragility fractures, osteolytic
lesions, osteosclerosis, and sometimes multiple conditions together in the same
individual [1, 3]. Bone pain is often devastating and could be potentially due to bone
marrow involvement, osteoporotic/pathologic fracture, osteolytic lesion, and/or
anaphylaxis [1, 3, 23].

The incidence of fracture was variable in different studies (6-57%) [24, 25]
(Table 8.1 and Fig. 8.2), and it was mainly fragility fracture. The source of the vari-
ability of fracture in different population groups could be due to sample size, popula-
tion age, and other contributing risk factors such as duration of disease, disease
progression, and medication history. As in postmenopausal osteoporosis, vertebral
fracture occurs more than nonvertebral fracture (Table 8.1). The overall incidence of
osteoporosis, which has been mainly reported according to WHO criteria, was
between 12% and 60% in different studies (Table 8.2). It is noteworthy to mention
that the incidence of fracture was higher than that of osteoporosis in some population

Table 8.1 Fracture incidence rate and risk factors in SM patients in the reverse order of the year
of publication

Author/year Fracture results Population | Comments

Degboé Y Fracture 28% (25/89) 1 89 SM Risk factors for fracture:

Bone. 2017 106 fractures (83% Age, telangiectasia macularis eruptiva

Dec [26] vertebral) perstans, symptoms of mast cell

Multiple vertebral Fx activation, digestive symptoms, increased
14.6% bone marrow tryptase and low femoral

and lumbar spine BMD
Higher bone marrow tryptase level was
associated with FF

Orsolini G All patients had Four Denosumab reduced the tryptase level and

Calcif Tissue fracture females improved BMD

Int. 2017 [19] with SM

Artuso A Fragility fracture 200 ISM | ISM patients with no history of

Calcif Tissue 30% (60/200) osteoporotic fracture and with normal

Int. 2017 Jan BMD or osteopenia who were

[27] supplemented with vitamin D or calcium (if
needed) after 30 = 6 months did not have
fracture or significant reduction in BMD

Alpay Kanitez | No fracture on 17 adult Sclerotic lesion was associated with more

N radiograph SM severe disease

Turk J patients

Haematol.

2015 [28]

Rossini M Fracture 48% (11/23) | 26 adult Osteosclerosis was associated with higher

Calcif Tissue | and 23 times ISM tryptase level

Int. 2015 [18] patients Lower DKKI in fracture patients
Higher DKK1 and sclerostin in ISM
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Van Der Veer E | Fracture 57% 228 total | Risk factors for fracture:
J Allergy Clin | (127/221) and 389 population | Male sex, older age, more frequent
Immunol. 2014 | events 221 ISM | anaphylactic reactions, less urticarial
[25] Fragility fracture patients pigmentosa, higher methylimidazole
40% (90/221) and with acetic acid, higher osteocalcin, higher
264 events fracture CTX levels, lower hip BMD, and more
Traumatic fracture data frequent alcohol intake
17% (37/221) and
125 events
Seitz S Vertebral fracture 300 ISM Osteosclerosis 5.3% (16/300) with no
Osteoporos Int. | 39% (118/300) patients fragility fracture
2013 [9] Fragility fracture Higher fracture rate in ISM with negative

36% (109/300)

skin lesion compared to positive skin
lesion (44% vs. 21%)

Guillaume N

Fracture 6% (3/45)

45 patients

Systemic mastocytosis: 84% [29]

Am J Med. ISM 64% [30]
2013 [24] ASM 11% [5]
SM-AHNMD 9% [4]
Cutaneous mastocytosis 7 (16%)
Van Der Veer E | Fracture 54% 157 ISM | Fracture risk factors: absence of urticaria
Allergy. 2012 | (83/154) and 235 patients pigmentosa, older age, and male sex
[31] times
Fragility fracture
37% (57/154) and
140 times
Vertebral fracture
(62%) > nonvertebral
(36%)
Laroche M All had atraumatic 10 patients
Am J Med. vertebral fracture
2011 [32] No peripheral
fracture
Rossini M Vertebral fracture 82 ISM 35 ISM with positive skin lesion
Bone. 2011 20% (17/82) patients The spine bone density was generally
[30] Nonvertebral fracture lower than the hip
6% (5/82)
Barete S Bone involvement 75 SM Osteoporosis and osteosclerosis associated
Ann Rheum 49% (37/75) patients with more aggressive form
Dis. 2010 [33] | Vertebral fracture No correlation between bone involvement
19% (14/75) and D816 V mutation of KIT
Peripheral fracture Osteoporosis 31% (23/75), axial
8% (6/75) osteosclerosis 8% (6/75)
Escribano L Fragility fracture 145 Biological progression in 27% (39/145)
J Allergy Clin | 10% (4/39) patients Osteoporosis 56% (22/39)
Immunol. 2009 Diffuse bone sclerosis 10% (4/39)
[34] Patchy bone sclerosis 13% (5/39)
Johansson C Vertebral fracture 16 patients | Vertebral fracture in patients with
Age and 31% (5/16) moderately increased cell mass
Ageing. 1996
Jan [35]

Based on Refs. [1, 3, 19, 26, 27]. https://doi.org/10.1007/s11154-016-9362-3, and reprinted here

with permission
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groups (Tables 8.1 and 8.2). While low femoral and lumbar spine BMD are associ-
ated with an increased risk of fracture [26], it seems that DXA may underestimate
the risk of fracture in SM patients (Tables 8.1 and 8.2), so we must consider risk
factors other than osteoporosis determination by bone density to be able to predict
and determine when to intervene to prevent fracture better.

Available data around risk factors of fracture in SM patients are not consistent.
Degboé reports age of disease onset, a skin pattern of telangiectasia macularis erup-
tiva perstans, symptoms of mast cell activation, digestive symptoms, and increased
bone marrow tryptase predict increased fracture risk. Furthermore, higher bone
marrow tryptase, low femoral neck bone density, and older age at the onset of dis-
ease could independently predict a higher risk of low trauma fracture [26]. Johansson
states that moderately increased mast cell mass is associated with lower hip bone
density and higher risk of vertebral fracture [35]. Van Der Veer indicates that fragil-
ity fracture happens more in older age, male, with a history of more anaphylactic
reactions, fewer skin lesions (urticarial pigmentosa), higher bone and mastocytosis
markers (higher methylimidazole acetic acid, osteocalcin and CTX levels), lower
hip BMD, and history of more alcohol consumption at the time of diagnosis.
Additionally, male sex, high CTX, lower hip BMD, absence of skin lesion (urticaria
pigmentosa), and alcohol consumption at the time of diagnosis independently pre-
dict fracture [25]. Rossini reports that patients with low BMD or vertebral fracture
are older and have lower osteocalcin serum levels [30]. To further confuse the bio-
chemical markers, DKK1 was higher in ISM patients, but patients with vertebral
fractures had lower DKKI1 serum levels [18]. It seems that a comprehensive
approach including fracture risk factors, DXA values, patient age, and associated
conditions should be taken into account to institute appropriate management poli-
cies in preventing SM-related bone events.

Osteosclerosis occurs in 2—17% of SM population, mainly involving the verte-
bral spine and may be patchy or diffuse sclerosis (Tables 8.1 and 8.2). Paradoxically,
osteosclerosis is associated with very high tryptase levels [18], more aggressive
disease [33], increased bone turnover markers [30], and abnormal hematologic find-
ings including anemia, thrombocytopenia, and eosinophilia [33]. Also, it seems that
risk of fragility fractures is lower in SM patients with osteosclerosis [9].

Few studies report osteolytic lesions in SM patients. Sometimes, osteoporotic
bone involvement is associated with concomitant osteosclerosis or osteolytic lesions
[38] (Tables 8.1 and 8.2).

Treatment

The overall composite process of bone involvement in SM is bone resorption, which
predisposes the patients to fragility fractures. Increased osteoclast activity is prob-
ably the main reason for bone resorption and bone loss, which occurs secondary to
mast cell activation and proliferation. The concept of increased osteoclast activity
and bone resorption might recommend antiresorptive therapies, such as
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Table 8.2 Studies reporting bone density measurement, imaging studies, and biochemical markers
of bone turnover in adult patients with mastocytosis in the reverse order of the year of publication

Author/journal and
year

Radiological findings

Population

Comments

Degboé Y
Bone. 2017 Dec [26]

Osteoporosis 40%
(36/89)
Osteosclerosis 4.4%
(4/89)

89 SM

31.5% (28/89) had at least one of
the osteoporosis risk factors

The few patients had usual risk
factors of osteoporosis

In fractured patients, 48%
(12/25) had LS BMD T

score > —2.5 and 88% (22/25)
had FN T score > —2.5 SD

Orsolini G Osteoporosis 100% | Four females | Denosumab improved BMD and
Calcif Tissue Int. (4/4) with SM reduced tryptase level and BTM
2017 [19] Denosumab was injected every
6 months for 1 year
Artuso A Osteoporosis 30% 200 ISM BMD (Z-score and T-score) LS <
Calcif Tissue Int. (60/200) hip
2017 Jan [27] Improvement in BMD LS > hip
Vitamin D/Ca did not change
tryptase, PTH, and BTM
Alpay Kanitez N Osteopenia 52% 17 adult Severity of the disease correlated
Turk J Haematol. (9/17) patients Ma with osteolysis, osteosclerosis,
2015 [28] Osteoporosis 17% pyridinoline level, and tryptase
(3/17) level
Higher BMD correlated with
more sever disease
Rossini M Osteopenia 38% 26 adult ISM | Lower DKK1 correlated with
Calcif Tissue Int. (10/26) vertebral fracture
2015 [18] Osteoporosis 38% Higher DKK1 correlated with
(10/26) bone involvements
Osteosclerosis 7%
(2/26)
Rossini M Osteoporosis 100% | 25 ISM Zoledronic acid reduced BTMs
Am J Med. 2014 [36] | (25/25) but not tryptase
LS BMD < Hip
BMD
Vertebral deformity
52% (13/25)
Rabenhorst A Osteopenia 60.7% 56 ISM Advanced SM often associated
J Allergy Clin (34/56) with normal or increased BMD
Immunol. 2013 [17] | Osteosclerosis 10% RANKL, SOST, and OPG were
(6/56) higher in patients with ISM but
LS BMD < FN BMD not DKK-1 level
Seitz S Osteosclerosis 5.3% | 300 ISM

Osteoporosis Int.
2013 [9]

(16/300)
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Guillaume N Osteoporosis 20% 45 Ma: Tryptase correlated with CTX
Am J Med. 2013 [24] | (9/45) SM 84% and OPG
Osteopenia 33% (38/45) Severity of mastocytosis
(15/4) CM 16% correlated with higher CTX and
Osteolysis and/or (7/45) OPG
osteosclerosis 28% Osteolysis 2% (1/45),
(13/45) osteosclerosis 17% (8/45)
Bone lysis+sclerosis 8.8% (4/45)
Van Der Veer E Osteoporosis 27.3% | 157 ISM LS BMD was negatively
Allergy. 2012 [31] (43/157) associated with MH and MIMA
Osteosclerosis 3.8% Tryptase was positively
(6/157) associated with duration of the
disease
Predictors of osteoporosis or FF
are older age, male sex, and high
urinary MH
Laroche M Osteoporosis 100% | 10 SM Bisphosphonate and interferon
Am J Med. 2011 [32] | (10/10) together reduced CTX, bone
alkaline phosphatase, and
tryptase levels
Rossini M Osteoporosis 19.5% | 82 ISM Osteosclerosis was associated

Bone. 2011 [30]

(16/82)

LS BMD < hip BMD
Osteosclerosis 2%
(2/82)

with more aggressive disease,
higher BTM, and higher tryptase
Tryptase levels had no
correlation with BMD

Low BMD/vertebral fracture was
associated with older age and
lower serum osteocalcin but no
difference in BMI, smoking, and
skin involvement

Barete S Bone involvement 75 SM Bone involvement: more in male
Ann Rheum Dis. 49% (37175) (57% vs. 26%);
2010 [33] Osteoporosis 31% No association with clinical
(23/75) characteristics and D816V KIT
Axial osteosclerosis mutation
8% (6/75) Osteosclerosis was associated
LS BMD < TH BMD with more severe disease and
abnormal complete blood count
(anemia, thrombocytopenia, and
eosinophilia)
Kushnir-Sukhov NM | Osteopenia 37% 21 SM Lower serum tryptase in less
Int Arch Allergy (7/19) severe disease

Immunol. 2006 [37]

Osteoporosis 16%
(3/19)

Higher BMD in more severe
disease

Higher BMD associated with
higher tryptase level

FN Z-score positively correlated
with tryptase

(continued)
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Table 8.2 (continued)

Johansson C Osteopenia 12% 16 SM Low hip BMD, osteoporosis, and

Age and Ageing. (2/16) vertebral fracture in patients with

1996 Jan [35] Osteosclerosis 12% moderately increased mass cell
(2/16) mass

Increased histamine metabolite
excretion linked with higher hip
BMD

Based on Refs. [1, 3, 19, 26, 27]. https://doi.org/10.1007/s11154-016-9362-3, and reprinted here
with permission

Abbreviations: ASM aggressive systemic mastocytosis, bPALP bone-specific alkaline phosphatase,
BMD bone mineral density, BTM bone turnover marker, Ca calcium, CM cutaneous mastocytosis,
CTX C-telopeptide, DPyD deoxypyridinoline, Dx diagnosis, DXA dual-energy X-ray absorptiom-
etry, Fx fracture, FF fragility fracture, FN femoral neck, HS hepatosplenomegaly, /NF interferon,
ISM indolent systemic mastocytosis, /SMs ISM with no evidence of skin lesions, ISMs+ ISM with
skin lesion, Ma mastocytosis, M men, histamine metabolites, MH methyl histamine, MIMA methy-
limidazole acetic acid, NA not available, Obl osteoblast, Ocl osteoclast, OP osteoporosis, OPG
osteoprotegerin, OC osteocalcin, Phos phosphorus, PTH parathyroid hormone, PyD pyridinoline,
SC subcutaneously, SM systemic mastocytosis, SM-AHNMD systemic mastocytosis with an asso-
ciated clonal hematologic non-MC-lineage disease, SSM smoldering systemic mastocytosis, TF
high-energy trauma fractures, 7H total hip, TBV trabecular bone volume, 77 trabecular thickness,
T No. trabecular number, UP urticaria pigmentosa, W women

bisphosphonates or denosumab, as the first line of treatment of osteoporosis in SM
patients. However, Rossini and Rabenhorst report that elevated bone turnover (doc-
umented by both increased bone formation and resorption markers) is an important
reason for SM-related bone events [17, 18]. While antiresorptive therapy can allevi-
ate bone loss that is accompanied by increased bone turnover, this is not as effective
as governing of underlying disease activity as adding interferon to pamidronate.
This combination had better effects on BMD and could reduce tryptase level simul-
taneously [32, 39]. Therefore, it seems that management of the underlying disease
might be the best way to prevent disease-related bone complications in the setting
of increased bone turnover, in SM, similar to other bone disease with high turnover
such as hyperthyroidism or hyperparathyroidism.

Bisphosphonates were shown to be effective in improving lumbar spine BMD
but have lesser beneficial effects or even negative effects on femoral neck BMD [32,
39-41] (Table 8.3). They may also improve bone pain associated with osteopenia in
SM patients [42]. While poor compliance is a well-documented problem with oral
bisphosphonates, this could be addressed by recommending zolendronic acid yearly
infusion to improve spine and hip BMD [36].

RANKL, the product of type 11 of tumor necrosis factor superfamily gene
(TNFSF11), has quite an important role in bone biology and the immune system.
It is secreted by osteoblasts and leads to osteoclastogenesis [13]. Elevation of
serum RANKL levels has been reported in SM patients [17]. Additionally, deno-
sumab, a human monoclonal antibody to RANKL, in SM patients was effective in
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Table 8.3 Treatment of SM-related bone events in reverse order of the publication year

Number of
Author/year | Treatment result participants Comments
Degboé Y 89 SM 29 patients
Bone. 2017 bisphosphonates
Dec [26] 1 patient teriparatide
1 patient denosumab
36 patients calcium and
vitamin D
Orsolini G All patients had fracture Four women with | Denosumab 60 mg SC
Calcif Tissue | BMD increased, especially in | SM every 6 months for 1 year

Int. 2017 [19]

LS BMD
Reduced tryptase level and
BTMs (especially CTX)

Artuso A
Calcif Tissue
Int. 2017 Jan
[27]

No fracture

Increase in LS BMD

No change in hip BMD

No change in serum tryptase,
PTH, or BTM

200 ISM

Normal BMD or
osteopenia and no
fragility fracture

Calcium and vitamin D
supplementation for at least
2 years

30% did not take
supplementation

20% had low compliance
to treatment

Rossini M No new fractures 25 ISM with Single zolendronic acid
Am J Med. Increased spine and hip BMD, | osteoporosis SmglV
2014 [36] especially spine Follow-up after 1 year
Decreased BTMs
Laroche M Three patients had vertebral Ten Ma Three patients received
Am J Med. fracture on alendronate alendronate before Dx
2011 [32] Group 1 Eight patients pamidronate
(INF-a + pamidronate) + INF
No fracture Two patients pamidronate
Increase in spine and hip INF (1.5 million U three
BMD times/week)
Decrease in tryptase level Pamidronate 1 mg/kg/
and BTMs month for 2 years then
Group 2 (pamidronate alone) every 3 months
No fracture
Increase in spine and hip
BMD but < group 1
Decrease in BTMs
Barete S No vertebral fracture 75 SM —23 patients with OP
Ann Rheum Increase in LS BMD but treated with

Dis. 2010 [33]

stable hip BMD (nine
patients)

Decrease in hip BMD in three
patients

bisphosphonate, calcium,
and vitamin

Mean follow-up 65 (26-84)
months

(continued)
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Number of
Author/year | Treatment result participants Comments
Laroche M No new vertebral or Four SM (three Three patients
Clin nonvertebral fracture M, one W) IFN + pamidronate, 2 years
Rheumatol. Increase in LS and hip BMD One patient
2007 [39] on INF + pam IFN + pamidronate, 1 year
Decrease or increase in BMD All on pamidronate for
with pamidronate alone 2 years
Reduced BTMs with IFN (three million units
IFN + pam three times/week)
Increase in BTMs with pam Pamidronate (90 mg/
alone month)
AY N Lim No further fractures Six SM Five patients pamidronate
Ann Rheum Improvement in pain (IV annual), then
Dis. 2005 [40] | Increase in LS BMD of all alendronate
patients (two patients One patient alendronate
excluded due to fractures) only
Increase in hip BMD of three
patients
Marshall A One patient had two new Three SM Annual pamidronate for
BrJ fractures 2-5 years
Rheumatol. Increase in LS BMD in all
1997 [41] Decrease in FN BMD in all

Based on Refs. [1, 3, 19, 26, 27]. https://doi.org/10.1007/s11154-016-9362-3, and reprinted here
with permission

improving lumbar spine and femoral neck BMD (increase in LS BMD > FN BMD)
and also could reduce bone markers (CTX and bALP) and tryptase levels
(Table 8.3) [19]. It seems that blocking RANKL could be fairly effective, not only
in improving bone condition, but also in alleviating mast cell burden. However,
denosumab is a monoclonal antibody, and some patients with SM are at higher
risk of anaphylactic reaction to foreign antigens. But, it is important to mention
that denosumab belongs to immunoglobulin of the IgG2 subclass [29], and it is
generally agreed that infusion of IgG may cause mild reaction while chance of
developing anaphylactic reaction is extremely rare [43]. The Freedom trial with
denosumab in postmenopausal women with osteoporosis did not show a signifi-
cantly higher risk of anaphylactic or even skin reaction to denosumab versus pla-
cebo (eczema 3.0% vs. 1.7%) [44]. Furthermore, a subcutaneous desensitization
protocol in an eight-step escalating titration process is reported to be successful to
make denosumab tolerable even in the patient with a history of anaphylaxis to
denosumab [45]. However, there are only anecdotal reports of the use of deno-
sumab in patients with mastocytosis, and these reports do not include patients with
a history of anaphylaxis.

As mast cell degranulation and proliferation may directly promote SM-related
bone complications, it is suggested to use adding medication to block mast cell
degranulation or their mediators potentially to improve bone health in SM patients.
Graves et al. (1990) reported that ketotifen, an inhibitor of mast cell degranulation,
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administered for 3 months could reduce bone pain and histamine level; they also
found no further bone loss in BMD after 6 and 14 months of therapy [22]. However,
cromolyn, antihistamines, and sodium fluoride were effective. Moreover, even che-
motherapeutic agents such as chlorambucil and mithramycin are recommended for
refractory disease, but they were not superior to bisphosphonate (oral clodronate)
regarding the SM-related bone circumstances [1, 46]. However, cytoreductive medi-
cations (interferon, 2-chlorodeoxyadenosine, or cladribine/2-CdA), which are cur-
rently recommended in advanced or aggressive forms of SM, may be used in treating
osteoporosis secondary to ISM or SM [2, 3].

As PTH may stimulate mast cell proliferation and elicit histamine release from
mast cells [47], teriparatide may increase symptomatology. Given the concerning
data about osteosarcoma risk in rats and the understanding that mastocytosis may be
a premalignant condition, we would recommend caution and further study, before
consideration of teriparatide therapy for bone disease in this population.

Future Direction

Sclerostin, encoded by the SOST gene, is a glycoprotein secreted by osteocytes that
downregulates bone formation. Romosozumab, a human monoclonal antibody
against sclerostin, reduces fracture risk in postmenopausal women but is associated
with increased adjudicated serious cardiovascular events [48]. However, the role of
sclerostin in bone complications of SM is controversial (Tables 8.2 and 8.3) [17,
18]. Additionally, blocking sclerostin can lead to the activation of the Wnt pathway
and increase in the B-catenin level, which might lead to malignant transformation or
progression [49]. We could not find a study or abstract that reported effects of romo-
sozumab on SM-induced osteoporosis.

Cathepsin K is a protease secreted by mature osteoclasts that destroys collagen
and other matrix proteins. Cathepsin K inhibitor (odanactib) improves lumbar
spine BMD and reduces clinical vertebral fractures (72%) and hip fractures (47%)
versus placebo in postmenopausal women. However, it was associated with some
complications such as skin lesions, atypical femoral fractures, and stroke [50].
Immunoreactivity to cathepsin-G in human mast cells with cutaneous mastocytosis
has been reported [51]. Given systemic mastocytosis is associated with the
increased osteoclastic activity and higher risk of vertebral fracture (Tables 8.2 and
8.3), the cathepsin K inhibitor (odanactib) might decrease SM-related bone loss.
However, adverse vascular events associated with this drug present an important
barrier to its usage.

Avapritinib (BLU-285), in phase I trials for the treatment of advanced sys-
temic mastocytosis, targets D816V mutant KIT and probably affects the activity
of the disease and may improve bone damage also. Trials show a relatively good
response rate (72%) without serious complications. However, the comparative
cost and benefit of this medication should be investigated before being recom-
mended. [52].
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Summary

Bone consequences of systemic mastocytosis are heterogeneous, ranging from bone
edema with or without pain, osteoporosis, lytic lesions, to osteosclerosis. Some
patients may have one or more of these complications. In theory, controlling prolif-
eration and activation of mast cells might also even prevent or delay bone disease in
systemic mastocytosis. Additionally, applying antiresorptive therapy may help to
improve bone density and reduce the risk of fracture. However, it is not known if
anabolic agents for bone promote mast cell proliferation; this concern should be
addressed with appropriate preclinical studies.
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