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Abstract

Systemic mastocytosis (SM) is broadly subcategorized according to mast cell (MC) burden and organ involvement into indolent
(ISM), smoldering (SSM), and advanced SM (AdvSM). However, the pattern and extent of bone involvement remains controver-
sial. In this institutional review board (IRB)-approved study, 115 patients with different forms of SM (ISM (n =37, 32%), SSM (n =
9, 8%), and AdvSM (n =69, 60%)) underwent a whole-body magnetic resonance imaging including sagittal and coronal T1 and
turbo inversion recovery magnitude (TIRM) sequences of the spine. The evaluation included the pattern and extent of pathologic
bone marrow (BM) signals in the spine and extremities, osteolytic lesions, and vertebral fractures. A pathologic BM pattern was
observed in 4/37 (11%), 8/9 (89%), and 66/69 (96%); affection of the appendicular skeleton in 3/37 (8%), 8/9 (89%), and 67/69
(97%); and vertebral fractures in 7/37 (19%), 0/9, and 13/69 (19%) patients with ISM, SSM, and AdvSM, respectively. In AdvSM,
pathologic BM pattern included activated (62%), diffuse sclerotic (25%), and small-spotted BM (9%), respectively. Only activated/
sclerotic BM was associated with significantly higher MC burden, organ damage, and inferior median survival (2.9 years, p = 0.04).
Vertebral fractures resembled classical multi-segmental osteoporotic fractures in ISM but not in AdvSM in which they were only
found in activated/sclerotic BM. Only one patient with AdvSM had a focal osteolytic lesion in the femur. Activated/sclerotic BM
changes of the spine and affection of the appendicular skeleton are indicative for SSM or AdvSM. Osteolytic lesions, which are very
rare, and osteoporotic fractures are ineligible for the diagnosis of AdvSM.
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Introduction

Systemic mastocytosis (SM) is a rare myeloid neoplasm char-
acterized by the accumulation of neoplastic mast cells (MCs)
in bone marrow (BM) and various organ systems, e.g., skin,
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skeleton, and visceral organs [1-3]. SM is broadly
subcategorized into indolent SM (ISM), smoldering SM
(SSM), and advanced SM (AdvSM). AdvSM includes the
subtypes SM with associated hematologic neoplasm (SM-
AHN), aggressive SM (ASM), and mast cell leukemia
(MCL) [4]. ISM patients usually present with a low MC bur-
den (BM MC infiltration, serum tryptase, KIT D816V allele
burden) and little or no evidence of organomegaly (normal life
expectancy); SSM is associated with a high MC burden,
organomegaly but no organ damage (prognosis less favor-
able), while AdvSM is associated with a high disease burden,
related organ damage and poor prognosis (median survival 2—
4 years) [5-12].

The involvement of the skeleton in terms of osteopenia,
osteoporosis, vertebral fractures, and osteolytic lesions has
an important impact on the patients’ quality of life and re-
quires a careful diagnostic workup as basis for adequate treat-
ment decisions. However, little is known about the specific
pattern and extent of bone involvement within the various
subtypes of SM. Studies with large numbers of patients are
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rare and currently available data are predominantly derived
from case reports and studies with small sample sizes [3,
13-21].

We therefore sought to evaluate the pathologic bone mar-
row (BM) pattern in the spine and extremities, osteolytic le-
sions and pathologic vertebral fractures in 115 SM patients
with ISM, SSM, and AdvSM through whole-body magnetic
resonance imaging (WB-MRI) and to correlate the data with
clinical characteristics and survival.

Methods
Patients

This institutional review board (IRB)-approved retrospective
study included 115 consecutive patients (male, n =67 [58%],
median age 62 years, range 22—-82). SM was diagnosed in the
presence of one major (dense clusters of > 15 MCs in BM or
other tissues) and one of four minor criteria (spindle-shaped
MCs, positivity of MC for CD25 or CD2, positivity for KIT
D816V point mutation, serum tryptase levels >20 pg/L) or the
presence of three minor criteria. [4] Diagnosis of SSM was
established through the presence of at least two of three B-find-
ings: (a) MC infiltration >30% and serum tryptase level >
200 ng/mL; (b) signs of dysplasia or myeloproliferation in non-
mast cell lineage compartments of the BM, but no AHN; and (c)
hepatomegaly without impairment of liver function and/or
splenomegaly and/or lymphadenopathy [22].

Diagnosis of ASM was based on the presence of one or
more C-findings: (a) one or more cytopenias (neutropenia <
1 x 10°/L, anemia < 10 g/dL, or thrombocytopenia < 100 x
10°/L, (b) hepatomegaly with elevated liver enzymes and im-
paired liver function [e.g., portal hypertension, ascites,
hypalbuminemia], (¢) hypersplenism with thrombocytopenia,
(d) gastrointestinal involvement with malabsorption leading to
significant weight loss and hypalbuminemia, and (e) presence
of'large osteolytic lesions and/or pathological fractures [2, 22].
The concurrent presence of SM and an associated non-mast
cell hematological neoplasm defines SM-AHN. Diagnosis of
MCL was based on the presence of >20% MCs in BM
smears.

MR imaging

All measurements were performed on a 32-channel 1.5 T WB-
MRI scanner (Siemens MAGNETOM Avanto, Siemens
Healthcare Sector, Erlangen, Germany) with a gradient strength
of 45 mT/m and slew rate of 200 mT/m/ms. This MR scanner is
equipped with the total imaging matrix that allows for complete
coil coverage of the entire patient for signal reception with high
quality. After the localizer four steps of coronal T1-weighted (w)
and turbo inversion recovery magnitude (TIRM)-sequences were
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acquired and composed to yield whole-body depictions of the
patients. The first step comprised the head and thorax, the second
abdomen and pelvis, the third thighs, and the last calves of the
patients. Subsequently, sagittal spine images with T1w and
TIRM sequences were acquired in two steps: the first, extending
from the skull base to the middle of the thoracic spine and the
second, from there to the end of the coccygeal bone. A detailed
overview of the sequence parameters is given in supplementary
material 1.

Image analysis

All patient data were reviewed by an attending radiologist with
8 years of experience in body MRI on a commercially available
MacPro workstation (Apple, Cupertino, CA, USA) running
OsiriX DICOM Viewer 64-bit Version 5.5.2 (OsiriX
Foundation, Geneva, Switzerland) without knowledge of the
clinical findings or classification. The radiologist assessed the
BM of the spine on the sagittal Tlw and TIRM images. The
following basic patterns were differentiated:

1. Normal BM (T1 (slightly) hyperintense, TIRM slightly
hyperintense, or slightly hypointense)

2. Activated BM (diffusely T1 hypointense, TIRM
hyperintense)

3. Diffuse sclerotic BM (diffusely T1 hypointense, TIRM
hypointense)

4. Small-spotted sclerotic BM (small-spotted T1
hypointense, TIRM hypointense)

5. Osteolytic lesions (sharply demarcated T1 hypointense,
TIRM hyperintense lesion)

An overview of the different pathologic BM patterns is
shown in Fig. 1. The radiologist also assessed the presence
of vertebral fractures and the affection of the appendicular
skeleton (no affection, diffuse affection, small-spotted affec-
tion, focal osteolytic lesions).

Statistical analysis

All statistical analyses considered clinical and laboratory param-
eters obtained at the time of diagnosis or first referral to our center
that, in most instances, coincided with the time of BM biopsy and
study sample collection. The Mann-Whitney U test was used to
compare continuous variables and medians of distributions. For
categorical variables, Fisher’s exact test was used. OS analysis
was considered from the date of diagnosis to date of death or last
contact. OS probabilities were estimated with the Kaplan-Meier
method and compared by the log-rank test in univariate analysis.
For the estimation of hazard ratios (HRs) and multivariate anal-
ysis, the Cox proportional hazard regression model was used.
p values of <0.05 (two-sided) were considered as significant.
There was no adjustment for multiple testing as all analyses were
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Fig. 1 Sagittal view of typical spine bone marrow (BM) patterns encountered in patients with indolent systemic mastocytosis (ISM, a, normal BM) and
advanced SM (AdvSM) with small-spotted (b) sclerotic (¢) and activated (d) BM, respectively

explorative. SPSS version 22 (IBM Corporation, Armonk, NY,
USA) was used for statistical analysis.

Results
Patient characteristics

ISM was diagnosed in 37/115 (32%), SSM in 9/115 (8%), and
AdvSM in 69/115 (60%) patients. The KIT D816V mutation
was identified in 111/115 (97%) patients; one patient each was
positive for KIT D816Y and KIT F522C mutation,
respectively.

Relevant SM-associated disease characteristics of AdvSM
patients are shown in Table 1. In AdvSM, the median age was
70 years (range 28-82). The median percentage of MCs in
BM trephine biopsies was 30% (range 5—100). Blood param-
eters analyzed in this study included hemoglobin (median
10.9 g/dL, range 6.5-15.8; <10 g/dL in 38% of patients)
and platelets (median 114 x 10°/L, range 12-549; < 100 x
10°/L in 43% of patients). Median serum tryptase level (nor-
mal value < 11.4 pg/L) was 186 pg/L (range 13-1675; >
200 pg/L in 45% of patients). Signs of non-hematologic organ
damage included elevated alkaline phosphatase (AP, median
226 U/L; range 54—-1736; > 150 U/L in 68% of patients),
splenomegaly (86%), and ascites (43%) (Table 1). The median

KIT D816V allele burden in peripheral blood was 30% (range
0.2-67). At least one mutation in the SRSF2, ASXLI, and
RUNXI (S/A/R) gene panel (high-molecular risk profile)
was identified in 64% of AdvSM patients. The median obser-
vation time of AdvSM patients was 34 months (range 1-283);
43/69 (62%) patients have died in the observation period. The
median OS was 3.8 years (95% confidence interval [CI] 2.5—
5.0).

MRI-based bone marrow pattern of the spine
and the appendicular skeleton

Overall, 78/115 (68%) patients revealed a pathological BM
pattern of the spine. Pathologic BM signal of the spine includ-
ed activated BM in 41% (47/115), diffuse sclerotic BM in
19% (19/115), and small-spotted BM in 10% (12/115).
Twelve of 46 (26%) ISM/SSM patients and 66/69 (96%)
AdvSM patients revealed a pathologic BM signal, respective-
ly (p <0.0001). Within the ISM/SSM patients, 4/37 (11%) of
ISM patients (small-spotted BM, n = 3; activated BM, n =1)
and 8/9 (89%) of SSM patients (small-spotted, n = 3; activated
BM, n = 3; diffuse sclerotic, n = 2) revealed a pathologic BM
signal (p <0.0001).

Within the AdvSM cohort, a pathologic BM signal includ-
ed small-spotted BM n =6 (9%), activated BM in n =43
(62%), and diffuse sclerotic BM in n =17 (25%) (Fig. 1).
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An overview of the distribution of BM changes in the different
subgroups is shown in Fig. 2.

Three of 37 (8%) ISM patients showed affection of the
appendicular skeleton with a small-spotted pattern. Eight of
9 (89%) of SSM patients showed affection (small-spotted, n =
3; diffuse involvement, n =5) of the appendicular skeleton.
Almost all AdvSM patients (n = 67, 95%) showed affection of
the appendicular skeleton (small-spotted, n =5; diffuse in-
volvement, n = 61) (Fig. 3).

Distinct bone marrow pattern—correlation
with clinical characteristics and outcome

The median MC infiltration in BM histology, frequency of
serum tryptase >200 pg/L, median KI7 D816V allele burden,
frequency of KIT D816V allele burden > 30%, the median liver
volume, median AP, and frequency of AP > 150 U/L were all
significantly higher in AdvSM patients with activated/sclerotic
BM compared to normal/small-spotted BM (p < 0.05, Table 1).
Interestingly, the number of patients with at least one mutation
in the S/A/R gene panel was higher in the activated/sclerotic
BM cohort compared to normal/small-spotted BM cohort. The
median OS of the activated/sclerotic BM cohort was 2.9 years
(95% CI 1.3-4.6) and was not reached for the normal/small-
spotted BM cohort (p = 0.04, Fig. 4).

Pathological fracture of the spine and appendicular
skeleton

Fractures were present in 7/37 (19%) ISM patients, in 0/9
(0%) SSM patients, and in 13/69 (19%) of AdvSM patients,
respectively. All fractures were found in the spine.
Interestingly, 7/7 (100%) ISM patients with vertebral fractures
showed a normal BM pattern which—from a radiologic point
of view—primarily resembled classical multi-segmental oste-
oporotic fractures (Fig. 5). In contrast, 12/13 (92%) AdvSM

ISM

89%

B small-spotted M activated

SSM

patients with vertebral fractures showed pathological BM
changes, including activated BM (n =8, 67%) or sclerotic
BM (n =4, 33%), respectively (Fig. 4). No patient with
ISM/SSM or AdvSM had a pathologic fracture in the appen-
dicular skeleton.

Osteolytic lesions

Osteolytic lesions were not seen in ISM/SSM. One of 69
(1.4%) AdvSM patients had a focal osteolytic lesion (Fig. 6).

Discussion

A distinct clinical feature of SM and its various subtypes is the
highly variable pattern of bone involvement [23-28]. Data
from X-ray and bone density studies suggested that the prev-
alence of detectable bone involvement in SM can be as high as
50% [29]. A recent CT study in a small series of patients
described three distinct types of bone involvement including
diffuse marbled sclerotic, diffuse mottled osteopenic, and fo-
cal sclerotic bone lesions. However, no statistically significant
differences were reported upon the relative frequency of osseous
abnormalities in ISM and AdvSM [16]. By now, two smaller
series investigated the bone patterns by using MRI only, but
neither differentiated between the various SM subtypes [18, 19,
30]. They rather presented different imaging patterns that might
be found in patients with SM in general.

In our large cohort of patients with ISM, SSM, and
AdvSM, the vast majority of ISM patients did not present
with a pathological BM pattern of the spine and a diffuse
sclerotic BM was not observed in any patient. Two of the
four ISM patients with a pathologic BM pattern in the
spine as well as all three patients with affection of the
appendicular skeleton showed markedly elevated serum
tryptase levels (range 77-179 pg/L) compared to the

advSM

normal

B diffuse sclerotic

Fig. 2 Distribution of bone marrow (BM) changes in patients with indolent systemic mastocyotosis (ISM), smoldering SM (SSM), and advanced SM

(AdvSM)
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Fig. 3 Advanced systemic
mastoytosis (AdvSM) with dif-
fuse sclerosis of the spine (dark in
T1w and TIRM) as well as diffuse
affection of the appendicular
skeleton in a 67-year-old female
patient: the entire pelvis and the
depicted parts of the femurs are
involved

median tryptase level of all ISM patients (36 pg/L) indi-
cating a high MC burden. In contrast, all but one patient
with SSM had a pathologic BM pattern of the spine.
However, the single patient without a pathologic BM pat-
tern revealed an involvement of the appendicular skeleton,
both features which are usually indicative for AdvSM.
One of the non-quantifiable C-findings for diagnosis of
AdvSM is the presence of pathological fractures. However, our
data show that this criterion might be not suitable for differenti-
ating AdvSM and ISM. In our study, vertebral fractures were

L0y ~— normal / small-spotted BM (n = 9)
p=0.04
~ 0,8 — activated / sclerotic BM (n = 60)
2\:
Z 0,6
H
8 0,4
2
o
0,24
0,0
1T T T 1T T T T T T TT
0 2 4 6 8 1012 14 16 18 20 22 24

Survival (years)

Fig. 4 Kaplan-Meier estimates of overall survival comparing advanced
systemic mastocytosis (AdvSM) patients with normal/small-spotted bone
marrow (BM) and AdvSM patients with activated/sclerotic BM

@ Springer

identified in 19% of patients with ISM. All patients showed a
normal BM pattern which—from a radiologic point of view—
primarily resembled classical multi-segmental osteoporotic frac-
tures. This is consistent with previous studies, showing osteopo-
rosis in 20% of patients with ISM [31] and supports the hypoth-
esis of diffuse decrease of bone density in ISM due to mediator-
release like heparin [32], histamine, or cytokines [1, 33-35].
Similar to previous reports [36], vertebral fractures were also
observed in 19% of AdvSM patients. Because the vast majority
of AdvSM patients revealed a pathologic BM pattern including
activated and sclerotic BM, the mechanism of action may pri-
marily be caused by the extent of MC infiltration rather than by
mediator-release associated osteoporosis as observed in ISM.

According to the WHO classification, osteolytic lesions rep-
resent another important C-finding for the diagnosis of AdvSM.
Consistent with previous cross-sectional studies [16] and an X-
ray study reporting osteolytic lesions to be very rare in SM [29],
we could not identify, however, osteolytic lesions of the spine in
any patient. One patient presented with a focal osteolytic lesion
of the femur. The most likely reason for the high prevalence of
osteolytic lesions in previous, predominantly X-ray studies may
be that normal, non-sclerotic BM surrounded by inhomogeneous
and patchy sclerosis was misinterpreted as an osteolytic lesion
(supplementary material 2).
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Fig. 5 Three patients with
vertebral fractures in the lumbar
spine. Classical multi-segmental
osteoporotic fractures in a patient
with indolent systemic
mastocytosis (ISM)(a) and verte-
bral fractures in patients with ad-
vanced SM (AdvSM) with acti-
vated (b) and diffuse sclerotic (¢)
bone marrow, respectively

While fractures and osteolytic lesions are not appro-
priate to predict the severity of the disease, we found
two distinct bone marrow patterns in patients with
AdvSM, which are associated with a more aggressive
form of the disease as activated and diffuse sclerotic
BM are clearly correlated with a high MC burden
(BM MC infiltration, serum tryptase, KIT D816V allele
burden), organ damage (C-findings), and inferior
survival.

Fig. 6 72-year-old male patient
with advanced systemic
mastocytosis (AdvSM) showing
focal osteolytic lesion of the fe-
mur (arrows)

In conclusion, pathologic (activated/sclerotic/small-spot-
ted) BM changes of the spine and affection of the appendicu-
lar skeleton in patients with SM are indicative for the diagno-
sis of SSM or AdvSM. Particularly activated/sclerotic BM is
associated with a high MC burden, organ damage, and adverse
survival. Osteolytic lesions are overall very rare. Pathologic
vertebral fractures are common in indolent and AdvSM; how-
ever, they resemble classical multi-segmental osteoporotic
fractures only in ISM but not in AdvSM.
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