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Abstract Mastocytosis is a rare condition characterized by
abnormal mast cell proliferation and a broad spectrum of man-
ifestations, including various organs and tissues. Osteoporosis
is one of the most frequent manifestations of systemic
mastocytosis, particularly in adults. Osteoporosis secondary
to systemic mastocytosis is a cause of unexplained low bone
mineral density that should be investigated when accompa-
nied by suspicious clinical elements. Bone involvement is
often complicated by a high recurrence of fragility fractures,
mainly vertebral, leading to severe disability. The mechanism
of bone loss is the result of different pathways, not yet fully
discovered. The main actor is the osteoclast with a relative or
absolute predominance of bone resorption. Among the stimuli
that drive osteoclast activity, the most important one seems to
be the RANK-RANKL signaling, but also histamine and other
cytokines play a significant role in the process. The central
role of osteoclasts made bisphosphonates, as anti-resorptive
drugs, the most rational treatment for bone involvement in
systemic mastocytosis. There are a few small studies
supporting this approach, with large heterogeneity of drug
and administration scheme. Currently, zoledronate has the

best evidence in terms of gain in bone mineral density and
bone turnover suppression, two surrogate markers of anti-
fracture efficacy.
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Introduction

Mastocytosis comprehends different expressions of an un-
common disease caused by an abnormal proliferation and in-
vasion of neoplastic mast cells (MCs) in many tissues with a
predominant involvement of bone marrow and skin [1, 2].
This abnormal proliferation is driven by many mediators, of
which the stem cell factor (SCF) that acts through KIT, a
transmembrane receptor with tyrosin kinase activity, is of ut-
most importance [3, 4]. Almost 80 % of the cases present the
D816V mutation of KIT receptor. Cutaneous mastocytosis
which is the most common form seen in childhood usually
has an auto-resolving pattern with few cases of persistence
into adulthood [5].

Conversely, the adult onset tends to be characterized by a
systemic and chronic variant; in fact, many adult patients are
affected by systemic mastocytosis (SM) [6]. It is defined by
the involvement of at least one extracutaneous organ with the
most common ones being bone, gastrointestinal tract, lymph
nodes, and spleen; in this form, cutaneous localization could
not be present [7, 8]. Skin involvement could cause urticaria
(urticaria pigmentosa), pruritus, flushing, and angioedema.
The release of mediators can also provoke diarrhea, nausea,
vomiting, bone loss, and anaphylaxis. In themost severe form,
tissue invasion could lead to hypersplenism, hepatopathy and
ascites, malabsorption, focal bone lesions, and cytopenia
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[6–14]. The most common course of SM is indolent (ISM)
and skin features are often present; fortunately, the most se-
vere forms with poor prognosis like aggressive SM, MC leu-
kemia, and MC sarcoma are rare (Table 1) [15]. Clinical sus-
picion of mastocytosis should reasonably start with the pres-
ence of varied signs and symptoms that relate to MCmediator
release and/or after recognition of the characteristic skin le-
sions. However, its diagnosis cannot be based on symptoms
alone. Firstly, serum tryptase levels should be determined
(normal value <11.4 ng mL). In most patients with SM, they
correlate with the total burden of MCs and their activation.
However, an increased tryptase level alone is not pathogno-
monic of SM, as elevated levels can be found in other diseases
such as chronic urticaria, renal insufficiency, other hematolog-
ical diseases, onchocercosis, and ischemic myocardial disease
or in the presence of heterophile antibodies. Furthermore,
tryptase levels can transiently increase during an anaphylactic
reaction. On the other hand, the observation that about 5 % of
patients with ISM had normal serum tryptase level suggests
that this assay can be confidently used for screening in select-
ed cases of unexplained osteoporosis, but serum tryptase level
in the normal range cannot exclude SM diagnosis. In patients
with suspected mastocytosis but with serum tryptase level
<11.4 ng/ml, analysis of urinary histamine mediators can be
useful in differential diagnosis. Suspicion of bone marrow
mastocytosis, a variant of ISM without skin lesions, as a pos-
sible cause of osteoporosis is one of the indications for a bone
biopsy in the presence of high histamine metabolite excretion,
also with serum tryptase level in the normal range. Also, the
absence of urticaria or angioedema in severe reactions to hy-
menoptera stings with hypotension might represent the most
relevant factor in identifying patients with mastocytosis, re-
gardless of their serum tryptase levels [16]. However, SM can
only be verified by histological and/or molecular findings on
biopsy material other than the skin. As bone marrow is almost
always involved, the histopathological evaluation of bone
marrow biopsy specimens is crucial to establish the diagnosis

of SM, to assess tissue burden of MCs, and to rule out the
presence of other hematological disease (Fig. 1). In accor-
dance with the WHO diagnostic criteria, one major and four
minor criteria have been defined for the diagnosis of SM [15].
SM is diagnosed when the major and one minor or when three
minor diagnostic criteria are fulfilled. The major diagnostic
criterion is the presence of multifocal compact MC infiltrates
in aggregates (≥15 MCs per cluster). Immunohistochemical
staining using antibodies against CD117 (KIT) and against
tryptase is strongly recommended. Minor criteria include var-
ious morphological, immunohistochemical, molecular, and
serological findings. Abnormal MC morphology (>25 % of
MCs), including spindle-shaped MCs, abnormal granulation,
or cytoplasmic projections, is one of the minor criteria. The
aberrant expression of CD25 and/or CD2 is another important
diagnostic marker as these antigens are expressed only on
neoplastic MCs in SM and not on normal/reactive MCs.
Flow cytometry is also a sensitive and reliable method to
identify the expression of aberrant MC markers.
Furthermore, an activating point mutation at codon 816, espe-
cially KIT D816V, is detectable in majority of the patients
with SM. Finally, the serological detection of a persistently
raised serum tryptase level (>20 ng mL) is used as a minor
criterion of SM.

Prevalence of mastocytosis-related osteoporosis

Bone manifestations are one of the most frequent symptoms
of SM, particularly in adults. Patients may present with poorly
localized bone pain, diffuse osteopenia, or osteoporosis with
fragility or pathologic fractures, diffuse osteosclerosis, or both
focal osteolytic and osteosclerotic bone lesions [14].

According to the traditional WHO criteria (bone mineral
density, BMD, T-score<−2.5) [17], the reported prevalence of
osteoporosis in patients with ISM ranges from 18 to 31 %
(Fig. 2) [14, 18–21]. However, in these studies, also elderly
patients were included: thus, the real incidence of
mastocytosis-related osteoporosis remains unclear.
According to guidelines of the International Society for
Clinical Bone Densitometry [22], using Z-score (SD below
the age and gender-matched mean BMD reference value) with
a threshold value of <−2.0, mastocytosis-related low BMD
was diagnosed more accurately in 12 % of women and in
33 % of men with ISM [20] (Fig. 3). The higher prevalence
of osteoporosis in men compared to women was recently con-
firmed by other studies [21]. Mastocytosis-related low BMD
defined by Z-score < 2.0 was found more frequently at the
lumbar site than at the femur in men (33 % versus 5 %, re-
spectively) [14] (Fig. 3).

One of the clinical hallmarks of mastocytosis-related oste-
oporosis is bone pain, which is often debilitating, particularly
in case of extensive bone marrow involvement [23]. This

Table 1 Variants of mastocytosis and subvariants of systemic
mastocytosis according to the classification by the World Health
Organization

Variants of mastocytosis

Cutaneous mastocytosis

Systemic mastocytosis:

Indolent (90 %)

With an associated clonal hematologic non-mast cell lineage disease
(<10 %)

Aggressive (rare)

Mast cell leukemia (very rare)

Mast cell sarcoma

Extracutaneous mastocytoma
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clinical feature should raise suspicion for this secondary cause
of osteoporosis.

Often, the osteoporotic bone involvement in MS is charac-
terized by the presence of concomitant focal osteolytic or
osteosclerotic bone lesions [14]; but the prevalence is not well
known because in most of the studies, investigators did not
make a full skeletal radiographic examination in all patients.

Available data about the prevalence of osteoporosis in SM
with or without skin lesions are currently inconsistent. Barete
et al. [19] observed that patients with SM without skin in-
volvement had the same risk of developing osteoporosis as
patients with skin lesions. Also, in our experience [20], there
was not any difference in the prevalence of low BMD between
patients with or without skin involvement in ISM patients. In
contrast with another experience in ISM patients [21], absence
of urticaria pigmentosa was an independent predictor of fra-
gility fractures.

A higher prevalence of low BMD has been reported in the
subgroup of ISM patients without history of anaphylaxis [20].
So it should be considered that osteoporosis in the absence of
typical skin involvement or trigger factors for anaphylaxis
might be the only sign of a latent ISM. In consequence, prev-
alence of SM-related osteoporosis is possibly underestimated.
Osteoporosis without a certain etiological cause should lead to
suspect the presence of bone marrow mastocytosis. Currently,
incidence of SM in patients with idiopathic osteoporosis is not
known and only indirectly estimable from the limited data
about the prevalence of SM in the general population, which
is probably underestimated: 0.5–1 per 10,000 [7, 24].

Consistent with the higher prevalence of mastocytosis-
related low BMD in men and vertebral site, we observed that
the prevalence of at least one vertebral fracture was 20 % in
men and 14 % in women [14]. Not infrequently vertebral
fractures were multiple. In our experience, they are often

Fig. 1 Histopathology of
systemic mastocytosis. a Low
power view showing several pale
mast cells aggregates, localized to
perivascular or paratrabecular
areas (H&E, 40×); b intermediate
power view showing a mast cell
aggregate in a perivascular
location (H&E, 100×); the
aggregate is composed of round
and spindly mast cells
accompanied by small
lymphocytes and sparse
eosinophilic granulocytes; c high
power view of Giemsa stain,
showing visible although reduced
basophilic granulation in round
and spindly mast cells (Giemsa,
400×); d mast cells are positive
for CD117 by
immunohistochemistry (anti-
CD117 antibody revealed by
peroxidase-DAB method, 200×)

Fig. 2 Prevalence of
osteoporosis in patients with
indolent systemic mastocytosis
(ISM) [14, 16–19]
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biconcave (more than 70%) at morphometry (Fig. 4) [14]. In a
recent study [21] conducted on 157 patients (92 women and
65 men, mean age 54 years), 83 of them experienced a total of
235 fractures: 140 were low-energy trauma ones; 87 were
localized at the vertebral column, and 53 were at non-
vertebral ones, including 2 hip fractures. Older age, male gen-
der, and urinary methyl histamine levels turn out to be inde-
pendent predictors of developing osteoporotic manifestations
[21]. However, in a longitudinal study [25], only urinary
methylimidazole acetic acid levels had a significant positive
association with new osteoporotic fracture in univariate, but
not in multivariate analysis, perhaps because urinary hista-
mine metabolite reflect mast cell burden to only a minor ex-
tent, or because the local exposure from the mast cell

mediators is of greater importance than the effect of circulat-
ing mediators.

Male sex, high serum levels of bone resorption marker type
1 collagen C-telopeptide (CTX, Z-score≥+1), low hip BMD
(T-score≤−1), absence of urticaria pigmentosa, and alcohol
intake were independent predictors of future fractures in pa-
tients presenting with ISM [25]. In our experience, serum
tryptase levels cannot be used as a predictor of osteoporosis
involvement in patients with SM [14].

Pathogenesis

Themost frequent site of involvement is the lumbar spine than
the hip, reflecting a major loss of trabecular than cortical bone.
This is confirmed also by the fact that the majority of fractures
occur at the vertebral bodies. The explanation probably lies in
the higher propensity of clonal MCs to colonize the bone
marrow, with a prevalent involvement of the most metaboli-
cally active bone tissue.

Focusing on bone histomorphometric analysis, in a few
patients with osteoporosis in whom a bone biopsy was obtain-
ed, an increased [26–29] or normal [30] number of osteoclasts
was reported. Recently, histomorphometric analysis revealed
that ISM is characterized by deterioration of bone structure
(decrease in bone trabeculae) and increased osteoid and bone
cell (both osteoclasts and osteoblasts) number [28]. Some
morphologic and histologic features, such as reduction in tra-
beculae number and thickness, are similar to those observed in
glucocorticoid-induced osteoporosis. This could explain the
similar morphometric characteristics of the vertebral fractures.
However, osteoblasts are typically decreased by glucocorti-
coids. ISM could be associated with high bone turnover and
the extent of bone cell activity depends on mast cell number.

Osteoporosis in SM has been attributed either to neoplastic
infiltration or probably more to the local release of mediators
(histamine, heparin, tryptase, lipid mediators, and cytokines)
(Fig. 5). The complete activation of MC takes place in three
subsequent phases. The first one happens in few seconds with
degranulation of prestored mediators: histamine, tryptase and
other proteases, proteoglycans (heparin, chondroitin sulfates),
and cytokines (TNF-alpha, IL-4, SCF, and FGF) [31]. In a
second phase, MCs synthesize and release within minutes
lipid mediators derived from membranes, namely prostaglan-
dins, leukotrienes, and platelet-activating factor [32, 33]. In a
third phase, occurring within minutes to hours after the first
phase, MCs synthesize large amounts of various pro-
inflammatory cytokines (again TNF-alpha, IL-1, IL-6, IL-8,
IL-5, and IL-13). In particular, cytokines such as TNF-alpha,
IL-1, and IL-6, promoting osteoclast activity or inhibiting os-
teoblast function, have been suggested to play a role [34–36].
However, in the SM, the manifestations of the disease are
predominantly due to the chronic production of the same

Fig. 3 Prevalence of mastocytosis-related low bone mineral density
(BMD) (Z-score BMD< −2.0) in 199 patients (81 women and 118
men) with ISM [14]

Fig. 4 Typical multiple biconcave vertebral fractures, in our experience,
in a patient with mastocytosis, without osteomalacia or other secondary
osteoporosis
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chemical mediators without trigger, which lead to the clinical-
pathologic features of the disorder.

Histamine is a key mediator and the most abundant one; it
exerts stimulatory effects on osteoclasts and their precursors
by autocrine and paracrine pathways [37, 38]. Further proven
histamine role in bone remodeling comes from a study on
murine model knockout for histamine decarboxylase, an en-
zyme necessary in its production. Histological specimen ob-
tained from these animals showed a reduced osteoclast num-
ber and an increased bone formation [39]. A positive correla-
tion between histamine metabolites and risk of osteoporotic
manifestation has been reported [21]. Interestingly, osteoclast
precursors have been discovered to be the main source of
histamine. The effect on resorption is thus related to direct
influence on osteoclasts and osteoclast precursors, but there
is also an indirect action mediated through an enhanced ex-
pression of receptor activator of nuclear factor kappa-B ligand
(RANKL) by osteoblasts [36] . This data lead us to hypothe-
size the possible bone-protective effect of H1 and H2 receptor
antagonist demonstrated in some in vivo studies [40–46].
RANKL is secreted not only by osteoblasts but also by other
cells including bone marrow stromal cells. These cells also
express osteoprotegerin (OPG), a decoy receptor for
RANKL, and thus a physiological inhibitor of RANK-
RANKL signaling. Some authors reported an increase in
OPG and RANKL levels in patients affected by mastocytosis,
suggesting the involvement of the RANKL/RANK/OPG
pathway in mastocytosis-related osteoporosis [47, 48].
Interestingly, MCs itself produce RANKL and OPG [48, 49].

In addition, cytokines related to tissue remodeling may be
synthesized by MCs (for example, TGF-beta, FGF, and
VEGF) [37]: some of these cytokines might be clinically rel-
evant in patients with SM, by causing liver and bone marrow
fibrosis and contributing to bone turnover.

Systemic bone remodeling activity can be quantified using
biochemical bone turnover markers (BTMs), such as bone-
specific alkaline phosphatase (bALP) or CTX. As previously
reported [20], in patients with osteoporotic manifestations,
serumBTMswere often found to be normal, sometimes above
(and in such cases, they were associated with an increased
uptake in bone scintiscan), or even below the normal range.
Indeed, in our [20] and other cross-sectional experiences [28]
none of the investigated BTMs were predictive of vertebral
fractures in patients with ISM and to have BTM in the normal
range was no guarantee for not having vertebral fractures.
Considering the intrinsic limitation of the evaluation of
these serum BTMs, they cannot be indicative of focal bone
lesions or of the activity and balance of local bone multi-
cellular unit, but they can only be indicative of generalized
increase in bone turnover and remodeling. We speculate
that in condition of BTM in the normal range, a general-
ized increase of bone turnover could be ruled out but not a
local unbalance between osteoblast and osteoclast activity.
An alternative explanation of the fractures in patients with-
out alteration of serum BTM levels might be the local ex-
posure from the MC mediators, without systemic effects.
These results might suggest that mastocytosis-related oste-
oporosis could be characterized not only by absolute but

Fig. 5 Pathogenesis of mastocytosis-related osteoporosis. Osteoporosis
in SM has been attributed to the local release of mediators by mast cells.
In particular, cytokines such as tumor necrosis factor alpha, IL-1, IL-6,
and IL-17 have been suggested to play a role, both in promoting osteo-
clast activity and inhibiting osteoblast function. Osteoclast activity is also
directly stimulated by the local release of other mediators such as

histamine, heparin, tryptase, and RANKL. Also, WNT/β-catenin path-
way with its inhibitors (DKK1 and sclerostin) might be affected in pa-
tients with SM, with consequent inadequate osteoblast bone formation.
Paradoxically very high concentrations of tryptase appear to stimulate
osteoblast activity
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also by relative or local prevalence of osteoclastic activity
on osteoblastic activity.

However, in a recent longitudinal study [25], high level of
serum CTX appeared to be an independent predictor of future
fragility fractures in patients with ISM. CTX levels were
higher in patients with aggressive systemic mastocytosis com-
pared to cutaneous or indolent systemic forms [47], and they
significantly correlated with serum tryptase level. In our ex-
perience in ISM patients, serum tryptase levels also signifi-
cantly correlated with bALP serum levels [14], a marker of
bone formation, and very high serum tryptase levels were
associated with diffuse osteosclerosis [20]. The correlations
between serum tryptase and BTM levels, as well as among
these last ones and disease aggressiveness, support the exis-
tence of a link between bone remodeling process and number
of mast cells.

Osteoblast differentiation is predominantly regulated by
the canonical WNT pathway [50], which acts as the master
regulator of osteogenesis together with bone morphogenetic
proteins. WNT pathway plays a key role in determining the
fate of mesenchymal stem cells. In the absence of β-catenin,
these cells do not differentiate into mature osteocalcin-
expressing osteoblasts but only into chondrocytes. It also pro-
motes osteoblastogenesis by suppressing adipogenesis,
through PPARγ inhibition (peroxisome proliferator-activated
receptor gamma). In some circumstances, decreased WNT
signaling might also result in an increased osteoclastogenesis
and bone resorption, by decreasing the osteoblast expression
of OPG. The regulation of WNT pathway in the bone is pre-
dominantly driven by the production of receptor inhibitors
such as DKK1 and sclerostin. Sclerostin is a regulator of late
osteoblast/pre-osteocyte differentiation; DKK1 expression is
exclusively confined to osteoblasts and maturing osteocytes.
Increased levels of sclerostin or DKK1 are associated with
osteopenia or osteolytic lesions [50]. Enhanced levels of
sclerostin [48] or DKK1 [51] were recently reported, even if
inconsistently, in patients with ISM. These results suggest that
also WNT/β-catenin pathway might be affected in patients
with SM, with consequent inadequate bone formation, con-
tributing to the presence of low bone mass. Interestingly, the
serum levels of sclerostin and 25-hydroxyvitamin D were
negatively correlated, and this might suggest that vitamin D
levels are determinants of sclerostin levels in ISM patients
[52].

Treatment options

What we learned from pathophysiology is that in SM with
bone involvement there, is a relative or absolute prevalence
of bone resorption. The key actor of bone resorption is the
osteoclast. In fact, we have seen in the paragraph above that
many pathways active in SM converge to activate this cell.

This rationale brought the use of the most used and known
anti-resorptive drug, bisphosphonates, for the treatment of
bone manifestation in SM.

Even if in small studies, bisphosphonate therapy has
proved to be effective in increasing vertebral BMD, but to a
lesser extent in increasing femoral neck BMD as we can see in
Table 2 [19, 53–59]. The first report was from Cundy et al. in
1987 [53] that described a reduction of bone turnover markers
using oral clodronate. Ten years later, Marshall et al. [54]
published a small case series of three patients treated with
yearly intravenous (iv) pamidronate showing a positive effect
on lumbar BMD but a slight decrease at femoral neck site. A
similar conclusion was reported in a case report by Brumsen et
al. [55] with pamidronate iv induction and subsequent oral
maintenance therapy. There are also anecdotal reports of the
use of risedronate and alendronate in SM-related osteoporosis
but without any clear data on follow-up [19]. It has been
reported that in many SM patients with unexplained bone pain
accompanied by osteopenia, pain resolves rapidly after initia-
tion of a bisphosphonate [41].

The p rob l em o f poo r comp l i anc e w i t h o r a l
bisphosphonates is well known and documented, and the op-
tion of a less frequent administration would be very attractive
to patients. Recently, we reported the results of a study on 25
patients with ISM treated with one 5-mg iv infusion of
zoledronate [59]. Zoledronate is an aminobisphosphonate
with a well known positive effect on BMD and fracture oc-
currence in patients with postmenopausal and glucocorticoid-
induced osteoporosis to whom it is given once a year. It is also
used for the treatment of bone involvement in the oncologic
field for bone solid malignancy metastasis and multiple mye-
loma with a more intense regimen of 4-mg monthly infusions.
The most frequent adverse event was represented by a flu-like
reaction, generally following only the first infusion. In patients
with ISM, one iv infusion of zoledronate guaranteed a positive
effect on BMD and BTM, surrogates of anti-fracture efficacy,
for at least 1 year [59]. Mean BMD gain was greater than any
bisphosphonates ever tried before, both in lumbar and femoral
sites. However, the anti-fracture efficacy of bisphosphonates
is yet to be confirmed by long-term randomized study.
Interesting, 1 year after only ZOL infusion the BTM contin-
ued to remain suppressed [59]. In terms of BMD or BTM,
recognized surrogate markers of anti-fracture efficacy, it is
known in postmenopausal osteoporosis that the effects of a
single 5-mg dose of zoledronate are sustained for at least
5 years [60] and that fracture risk appears to be reduced for
more than 1 year after a single infusion of zoledronate [61].
We think that mastocytosis-related osteoporosis without fra-
gility fractures (not severe according to 1994WHO definition,
[17]) might be comparable to postmenopausal osteoporosis.
So, in our opinion, the standard postmenopausal dosage might
be enough to keep the risk of fracture low in patients with non-
severe forms of osteoporosis associated to ISM. It is well
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known that major and most feared side effects of zoledronate
(osteonecrosis of the jaw, atypical fractures, and arrhythmias)
are dose-dependent [62]. Therefore, we think it is reasonable
to shorten the interval between infusions (for example 4 mg iv
every 4 weeks as commonly used in multiple myeloma) only
in the most severe osteoporosis secondary to SM, when the
benefits largely outweigh the risks of treatment.

In the condition of severe osteoporosis, it is also reasonable
to add another treatment such as interferon alpha that has
proven efficacy in previous studies [58, 63–65] and to give
add i t i ona l advan t age when admin i s t e r ed w i t h
bisphosphonates. Indeed, some studies reported the additional
positive effects of interferon treatment on the BMD: the group
of Laroche in 2007 [57] and 2011 [58] documented the addi-
tional positive effect of a combination therapy with monthly iv
pamidronate and interferon, mainly at the lumbar site (mean
annual increase = 12.6 %) and much less at femoral neck
(mean annual increase=1.93 %). In case of very severe oste-
oporosis, new major fractures, or depending also on important
systemic extraskeletal manifestations of SM, the possible ad-
ditional use of interferon alpha for the management of
mastocytosis-related osteoporosis should be considered.

Discussion and conclusions

SM should be included as a potential diagnosis in the screen-
ing of all premenopausal women and men presenting with an
unexplained fragility fracture or low BMD and postmeno-
pausal women with suspicion of secondary osteoporosis. In
most cases, diagnosis of mastocytosis is fairly straightforward
due to its typical cutaneous lesions (urticaria pigmentosa,
characterized by symmetrically distributed 0.5-cm red brown
macules and papules, which induce erythema, wheal, and pru-
ritus when scratched). However, it can be challenging in cases

without skin manifestations (nearly 50 % in our cohort).
Mastocytosis should be suspected in patients, regardless of
characteristic skin manifestations, with recurrent anaphylaxis,
either spontaneously or in response to stimuli (hymenoptera
stings, drugs, alcohol, foods, cold, heat, physical exertion,
emotional stress….), or other clinical symptoms related to
the release of mast cell mediators (facial flushing, pruritus,
palpitations, dizziness, episodes of hypotension, syncope, an-
gioedema, breathing difficulties, abdominal pain, nausea,
vomiting, diarrhea, headache, sweating, fatigue, arthralgia,
myalgia, anxiety and depression) [66]. The presence of idio-
pathic osteoporosis or unexplained fragility fracture, in the
absence of trigger factors for anaphylaxis, might be the only
sign of a latent ISM. Serum tryptase level is recommended as
the biomarker of choice to screen patients with unexplained
osteoporosis and/or suspected mastocytosis, because it is a
fairly specific mediator of mast cells and is widely available
(Fig. 6). However, an increased tryptase level alone is not
pathognomonic of SM and, on the other hand, level in the
normal range cannot exclude SM diagnosis (Fig. 6).
Establishing a diagnosis of SM requires one major and one
minor, or three minor, criteria using the WHO classification,
and therefore bone marrow should be screened with tryptase
immunohistochemical, KITmolecular biology and cytometric
analysis (Fig. 6).

Bone involvement in SM appears an intriguing clinical
model, ranging from osteoporosis to osteosclerosis, due to
the proximity of the mast cell to bone remodeling surfaces
and the production of a large number of chemical mediators
and cytokines capable of modulating bone turnover by this
cell. Following diagnosis of SM, a number of staging investi-
gations should be recommended, including BTM and BMD
measurements with vertebral morphometry, skeletal X-rays,
and eventually bone scan and other radiological imaging tech-
nologies. The role of BTM in clinical practice remains

Table 2 Studies on bisphosphonates in SM bone involvement

References N Gender Mean Age Treatment Bone mineral density changes Other outcomes

Cundy et al., Bone 1987 [53] 1 F 63 Oral CLO Decrease BTM

Marshall et al., Br J Rheum 1997 [54] 3 1 M/2 F 51 Iv PAM Increase lumbar BMD,
decrease femoral BMD

Decrease pain,
new VF

Brumsen et al., JBMR 2002 [55] 1 M 59 Iv, oral PAM Increase lumbar BMD Decrease pain

Lim et al., Ann Rh Dis 2005 [56] 6 1 M/5 F 58 Iv PAM, oral ALN Increase lumbar and femoral BMD Decrease pain

Laroche et al., Clin Rheum 2007 [57] 4 3 M/1 F 52 Iv PAM Increase lumbar, decrease femoral
BMD

Decrease BTM

Barete et al., Ann Rh Dis 2010 [19] 9 6 M/3 F 48 Iv PAM or oral RSN,
or ALN, or ETD

Increase lumbar BMD, no changes
at the hip

Laroche et al., Am J Med, 2011 [58] 10 6 M/4 F 53 Iv PAM Increase lumbar BMD, no changes
at the hip

Decrease BTM

Rossini et al., Am J Med 2014 [59] 25 13 M/12 F 58 Iv ZOL Increase lumbar and femoral BMD Decrease BTM

F female,Mmale, VF vertebral fracture, BMD bone mineral density, BTM bone turnover markers, CLO clodronate, ETD etidronate, PAM pamidronate,
ALN alendronate, RSN risedronate, ZOL zoledronate, Iv intravenous
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uncertain. However, high serum levels of BTM are suspicious
for mastocytosis bone involvement, and in this condition a
bone scan is recommended. Increased uptake at the scintiscan
can detect focal and asymptomatic bone lesions, to be subject-
ed to targeted radiographic assessment, whereas a diffuse up-
take has a prognostic value [67]. Sensitivity and specificity of
BMD assessment to predict vertebral fracture is limited in SM
[14], likely because of the patchy distribution of neoplastic
MCs, or because there are other bone features affected in
addition to BMD. Follow-up should be scheduled at different
intervals on a case-by-case basis according to the needs of
individual patients; BMD measurements may be performed
every 18 months in osteoporotic condition or every third year
if only osteopenia.

The present evidences suggest that bisphosphonates repre-
sent the first-line treatment for mastocytosis-related osteopo-
rosis, even if anti-fracture efficacy is yet to be confirmed by
long-term randomized studies. Reviewing published literature
on the treatment of mastocytosis-related osteoporosis, it is
highlighted the general poor level of evidence of the efficacy
of various therapeutic options due to paucity of data, particu-
larly from randomized controlled trials, and lack of data from
long-term studies. However, in clinical practice, calcium and
vi tamin D are recommended for osteopenia and
bisphosphonates, per os or iv, in the case of osteoporosis, on

the basis of some efficiency on BMD gain and BTM reduc-
tion. These drugs are not always well tolerated in SM, both per
os, due to worsening of digestive symptoms, and iv with fre-
quently and severe acute phase response [59, 62].
Additionally the residual long-term effect of bisphosphonate
raises some concerns especially in young patients, particularly
if women are of childbearing age.

Future approaches rely on the use of other bone target
therapy. In the last years, a biologic anti-resorptive drug,
denosumab, has been developed for the treatment of postmen-
opausal osteoporosis. This drug uses monoclonal antibodies
directed against RANKL in order to disrupt the RANK-
RANKL activation pathway of the osteoclast. We have seen
in the pathogenesis section how this pathway is primarily
involved in the induction of osteoporosis in mastocytosis, as
MCs were shown to produce RANKL [48, 49]. So this would
be the rationale for the treatment of mastocytosis relates oste-
oporosis with anti-RANKL, and denosumab may be a partic-
ularly viable alternative in case of bisphosphonate intolerance,
but no clinical experience is reported until now, and there are
some safety concerns about the risk of anaphylaxis. A rational
approach, especially in the presence of low bone formation
markers, might be the osteoblast stimulation with teriparatide,
the 1–34 active fragment of parathyroid hormone. However,
no experiences with the use of this anabolic treatment have

Fig. 6 Algorithm for patients with unexplained osteoporosis or fragility fracture and suspected systemic mastocytosis (SM)
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been reported until now, and the description of an increase in
MCs in parathyroid bone disease [68] suggests some safety
concerns in SM. Based on current knowledge in our opinion,
the use of teriparatide should not be proposed as an alternative
approach in the management of mastocytosis-related osteopo-
rosis as this treatment might further enhance the growth and
proliferation of abnormal MCs and induce more aggressive
forms of SM. Another possible therapeutic option with
bone-forming agents could be the Wnt pathway, targeting,
for example, DKK-1 or sclerostin, but their exact role in SM
is yet to be completely clarified.

Currently, there is no evidence for an effect of anti-
osteoporosis drugs on mast cell load. Cytoreductive drugs
are currently indicated only in advanced/aggressive form of
SM, but these agents may also be considered for patients with
ISM affected by severe osteoporosis with new fractures de-
spite bisphosphonate treatment, after careful risk/benefit anal-
ysis. IFN-α is considered the first-line cytoreductive agent: it
has been shown to improve symptoms related to mast cell
mediators, decrease bone marrow mast cell infiltration, and
reduce mastocytosis-related osteoporosis, ascites/
hepatosplenomegaly, cytopenia, and skin lesions, despite the
fact that its beneficial effects are restricted by significant tox-
icities [69]. Cladribine can be used in SM patients who are
refractory to IFN-α [70]. Tyrosine kinase inhibitors are a
promising group of drugs indicated in aggressive forms of
SM as they target KIT [71]; currently, there are no data on
their effects on BTM, BMD, and fracture risk. Early institu-
tion of antimediator therapy may reverse some disease-related
bone changes [41, 72]; however, there are no definitive studies
in this regard.
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