
Abstract. Background/Aim: Systemic mastocytosis (SM) is a
heterogeneous hematological entity, characterized by the
proliferation of mast cells, commonly involving the skeleton.
The present study sought to elucidate whether the computed
tomographic (CT) number as Hounsfield units (HU) derived
from whole-body CT is associated with bone marrow findings
in SM. Patients and Methods: Patient records of the local
Oncology and Hematology Department from 2007 to 2018
were screened for patients with SM. Total 16 patients [five
female (31.2%)] with a mean age of 55.7±10.3 years were
included in the present retrospective study. KIT mutation;
tryptase, alkaline phosphatase, and calcium level in serum;
and the proportion of mast cells, and CD2, CD25- and
CD117-positive cells in bone marrow biopsies were evaluated.
Results: HU correlated with serum calcium level (r=−0.51,
p=0.04), mast cell proportion (r=0.66, p=0.01) and with the
proportion of CD117-positive cells in bone marrow biopsy
(r=0.56, p=0.04). In the group with aggressive SM, the mean
HU value was statistically significantly higher than that of the
indolent title:group [245±127 (range=100-451) vs. 121±16
(range=90-135), respectively, p=0.04]. Conclusion: The
present study identified that the HU value derived from low-
dose CT was associated with mast cell infiltration in bone
marrow in SM and with the proportion of CD117-positive
cells. Further studies are needed to determine whether the
measurement of the HU value has prognostic implications in
SM and can be used as a reliable biomarker in this disease.

Mastocytosis is a myeloproliferative neoplasm, which is
characterized by proliferation of morphologically and

immunophenotypically abnormal mast cells (1-3). The
clinical presentation is heterogeneous, ranging from skin-
limited disease to more aggressive variants with systemic
involvement manifesting as organ dysfunction (1-3).

Indolent systemic mastocytosis (SM) is most frequent type
and is predominantly characterized by symptoms related to
mast cell degranulation/mediator release, and allergies or
anaphylaxis, whereas aggressive SM is characterized by
organ dysfunction associated with infiltration of mast cells.
The most frequently involved organs are the bone marrow,
cortical bone, gastrointestinal tract, and liver (3). 

The diagnostic work-up of these patients involves
anamnestic features, serological parameters, and bone
marrow biopsy (3). A high total tryptase level is one of the
first defining features of SM. Another defining feature is KIT
mutation, which can be detected in more than 80% of cases
(1-4).

Skeletal abnormalities of SM comprise not only lytic
changes, such as osteopenia, osteoporosis and even bone
destruction but also sclerotic changes, resulting in
osteosclerosis, which is associated with a more severe
disease state (5, 6). In any of the types, a focal or diffuse
distribution can be noted (5, 6).

One of the imaging modalities used in SM is low-dose
whole-body computed tomography (CT) to assess bone
lesions and detect osteolytic changes for associated risk for
pathological fractures (5, 7).

Nowadays, there is increasing interest in whether the CT
number as Hounsfield units (HU) derived from CT are
capable of opportunistically assessing bone microstructure
and bone mineral density (8-11). With this approach, images
are not only used qualitatively, but also quantitatively as
biomarkers. The possible use of this approach was shown in
various studies in different clinical settings (8-11). In fact,
the HU value is moderately to strong correlated with bone
mineral density derived from dual energy X-ray
absorptiometry (DXA), the clinical diagnostic gold standard
in osteopenia and osteoporosis (8). 
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In the physiological state, the bone marrow is mainly
filled with fat, which has a low HU value of up to −100.
Thus, bone marrow, contrary to cortical bone, tends to have
an HU value around 0 to 100. Yet is has to be acknowledged
that HU values differ between different localizations in the
body (8).

Presumably, due to infiltration of mast cells and,
consequently, a lower amount of fat in bone marrow, the
density visualized in CT correspondingly increases, which
can be quantified with HU. It has been shown that DXA, the
gold standard in determining bone mineral density, is
associated with cellularity in bone marrow biopsies (12).

To our knowledge, no study has investigated possible
associations between CT parameters and bone marrow
biopsy findings in SM. Therefore, we conducted the present
study to elucidate whether the HU value is capable of
reflecting bone marrow alterations in SM. 

Patients and Methods
The Institutional Ethic Committee waived the need for informed
consent for this retrospective observational study (committee of the
University of Leipzig, study codes no. 027/2002 and 162/2004).

Patient records of the local Oncology and Hematology
Department and the radiological database from January 2007 to
December 2018 were screened for patients with SM. Overall, 282
patients were identified in the patient records and 126 in the
radiological database. Furthermore, 65 patients were excluded
because no whole-body CT was obtained and in seven patients only
a contrast-enhanced CT was obtained. In total, 16 patients had
sufficient low-dose whole-body CT and clinical data, which
comprised the present study sample. Figure 1 gives an overview of
the patient acquisition. 

Clinical parameters. The following serological parameters obtained
in clinical routine were evaluated in serum: Tryptase, alkaline
phosphatase, calcium, hemoglobin, leucocytes and thrombocytes.
All blood samples were obtained a week before or after CT. 

Bone marrow analysis. Bone marrow biopsy was routinely
performed in clinical diagnostic work-up after informed consent was
given by the patients. It was obtained from the right iliac crest in
all patients. In all cases, Giemsa-stained, toluidine blue-stained, and
anti-tryptase-stained tissue sections were prepared and re-evaluated
for the study.

Moreover, the samples were grouped according to the infiltration
pattern into aggregate-forming, diffuse pattern, and mixed pattern,
as proposed by the diagnostic criteria (7). 

Additionally, immunohistochemical staining for CD2, CD25 and
CD117 were performed. Bone marrow tissue samples were further
analyzed for KIT point mutation D816V using polymerase chain
reaction, as described previously (4). For two patients, insufficient
bone marrow material was available for evaluation.

CT. Low-dose whole-body CT was performed with a multislice CT
scanner (îCT 256; Philips, Philips Medical Systems, Cleveland,
OH, USA). The imaging parameters were 100 kVp, 61 mAs, pitch
of 0.945, and rotation time of 0.5 s. The scan length included the

following body regions: Head, neck, chest, abdomen/pelvis, and
the extremities. The acquired images were reconstructed in
transversal, sagittal and coronal planes with a slice thickness of 2
mm. All images were reconstructed with a standard manufacturer-
presented kernel. 

CT measurement. CT measurements were performed by one
radiologist (HJM, 2 years of CT experience). A region of interest
was placed on the axial slice within the right iliac. The cortical
bone was carefully spared. A total of three regions of interest were
used in three adjacent slices and the mean HU value was calculated
from the three mean values. Figure 2 displays a measurement for
a patient.

Statistical analysis. For statistical analysis, Graph Pad Prism 5
(GraphPad Software, La Jolla, CA, USA) was used. Collected data
were evaluated by means of descriptive statistics (absolute and
relative frequencies). Categorical variables were expressed as
percentages. p-Values of less than 0.05 were taken to indicate
statistical significance in all instances. Spearman’s correlation
coefficient was used to analyze the associations between HU values
and clinical as well as histopathological parameters after testing for
non-normal distribution using Kolmogorow–Smirnow test. Mann–
Whitney U-test was used for group comparisons. 

Results

There were five female (31.2%) and 11 male (68.8%)
patients, with a mean (±standard deviation) age of 55.7±10.3
years (range=33-75 years).

In eight patients (50%) aggressive SM, in six patients
(37.5%) indolent SM and in two patients (12.5%) smoldering
SM were diagnosed.

Table I gives an overview of the patient sample including
clinical, histopathological and imaging features. All patients
were positive for KIT mutation.

In the group with aggressive SM, the mean HU value was
significantly higher than in the indolent group [245±127
(range=100-451 vs. 121±16 (range=90-135), respectively,
p=0.04] (Figure 3). 

Regarding bone marrow infiltration pattern, four patients
(25%) had a diffuse pattern, eight (50%) had an aggregate-
forming pattern and two (25%) had a mixed pattern. For two
patients no bone marrow biopsy was available (25%). There
were no significant differences between bone marrow
patterns in regard of HU value (p=0.92).

Table II summarizes the Spearman’s correlation analysis.
The HU value correlated with the serum calcium level
(r=−0.51, p=0.04), mast cell proportion (r=0.66, p=0.01) and
with the proportion of CD117-positive stained cells in bone
marrow biopsy (r=0.56, p=0.04) (Figure 4).

Discussion

The present study identified relationships between the HU
value derived from whole-body CT with bone marrow
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biopsy findings in SM. In fact, a moderate positive
correlation between the HU value and the proportion of mast
cells within the bone marrow biopsy was identified, as well
correlation with the proportion of CD117-stained cells. This
is especially interesting because whole-body CT is regularly
obtained in clinical routine for detection of osteolytic lesions
to assess possible risk for pathological fracture. Thus, the
present results suggest that the HU value derived from CT
may also be used as a quantitative biomarker in SM. 

CD117-positive cell population is typically comprised
mainly mast cells, precursor cells of erythropoiesis and
myeloblasts (13). The correlation coefficient between
CD117-positive cells and HU value was slightly weaker than
that with the proportion of mast cells, which might be caused
by different cell types located in bone marrow. 

Previously, various studies attempted to analyze the
opportunistic value of routinely acquired CT for diagnosis of
bone mineral density and osteopenia in several different
diagnostic settings. In fact, there was a moderate to strong
correlation between HU value and bone mineral density
obtained by DXA, the diagnostic gold standard for
osteoporosis, as well as good accuracy in prediction of
osteoporosis in several disorders (8, 14-16). The HU
threshold for osteoporosis obtained in different vertebral
bodies ranged from 99 to 147 (8). These findings are

especially of interest because no additional costs, imaging
time or radiation exposure is needed with this opportunistic
approach of CT images obtained for different diagnostic
purposes. 

Moreover, some studies indicated that the HU was able to
discriminate patients with and without risk of fracture in
several localizations (17-19). Interestingly, the HU value
even predicted mortality in patients during lung cancer
screening. Patients with a low HU value had a higher
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Table I. Descriptive statistics of the patient sample.

Parameter                                                 Mean±standard            Range
                                                                      deviation

Serum tryptase (μg/l)                                  207.3±206                 9-468
Alkaline phosphatase (μkat/l)                       2.0±1.5                  0.9-6.7
Calcium (mmol/l)                                          2.3±0.2                 2.0-2.59
Lactate dehydrogenase (μkat/l)                     3.5±1.3                  1.7-5.9
Mast cells (%)                                              32.5±10.5                  5-80
CD117-positive cells (%)                              5.4±3.3                    0-36
CD2-positive cells (%)                                 23±19.7                    0-79
CD25-positive cells (%)                              23.4±20.2                  0-69
Hounsfield unit value                                207.1±135.1              90-499

Figure 1. Flow chart of the patient acquisition. A total of 16 patients were included in the present study. CT: Computed tomography.
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Figure 2. A: Axial computed tomographic image with region of interest drawn in a patient with indolent systemic mastocytosis. The average Hounsfield
unit value was 134. The same measurement was performed on two slices above and below and a mean value was obtained of the three measurements.
B: Corresponding bone marrow biopsy specimen of this patient stained for tryptase original magnification, ×40). Mast cell infiltration can be seen.



mortality risk overall (20). In summary, these results suggest
that bone density quantified by the HU value derived from
CT might be a valuable imaging biomarker.

Regarding tumor imaging, measurement of the HU value
was previously identified to be capable of discriminating
osteoblastic metastases from simple bone islands with a very
good accuracy: Metastases had significantly lower HU
values than bone islands (21). 

Only few studies about imaging findings of SM were
reported in the literature. Moreover, most studies relied on
extensive radiographic evaluation of the bone with possible
known limitations regarding sensitivity and visualizability
for this modality (22). That is one reason why CT might be
more useful in clinical routine (7). For example, lesions of
the bone can be appreciated in a better way with CT
compared to radiography (7). Yet to our knowledge, no
systematic data exist regarding the possible benefit of CT
findings in SM.

Avila et al. investigated 27 patients with CT and
sonography of the abdomen and identified common findings
to be hepatosplenomegaly and lymph adenopathy, which
were of a nonspecific nature (23). As an important imaging
finding, splenomegaly was reported to be of prognostic
relevance in SM (24).

On the contrary, fluorodeoxyglucose positron-emission
tomography as a functional imaging modality was not
beneficial in SM to discriminate indolent and aggressive SM,
and tracer uptake was not associated with tryptase level in
serum (25). 

Whole-body CT is an established imaging modality in a
similar systemic bone disorder, namely multiple myeloma,
with various studies emphasizing its superiority in
comparison to radiography (26-28). In multiple myeloma,
whole-body CT is predominantly used to detect osteolytic
lesions and to estimate the risk for pathological fractures. As
another interesting aspect, in a recent study it was shown that
osteolytic lesions in multiple myeloma can further be
classified with CT: One type is characterized by an HU value
below 0 and, therefore, is histopathologically defined as fatty
infiltration; another is characterized by an HU value above
0, defined as plasma cell infiltration (29). Interestingly, both
types were seen in the same patients and, moreover, the type

below 0 HU was not detected with positron-emission
tomography/magnetic resonance imaging, indicating the
benefit of additional CT (29). The results imply that
measurement of the HU value might be very beneficial for
patients in order to quantitatively characterize bone lesions
and not only qualitatively interpret the images. 

In another study, the HU values were significantly
different between different subtypes of multiple myeloma,
indicating that the HU value might reflect plasma cell
infiltration (30).

In the present study, we identified that the HU value
measured on the right iliac crest was significantly lower in
patients with indolent compared to aggressive SM based
upon a small patient sample. This might primarily be due to
the fact that in aggressive SM, an osteosclerotic pattern is
more common, which was also identified to be a prognostic
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Table II. Correlation analysis between the Hounsfield unit (HU) value and clinical as well as bone marrow parameters.

                           Serum                Alkaline                 Serum              LDH            MC          CD2-positive         CD25-positive          CD117-positive
                          tryptase             phosphatase              calcium

r                            0.34                      0.28                    −0.51              −0.37            0.66                 0.07                       −0.04                          0.56 
p-Value                 0.20                      0.29                       0.04                 0.18            0.01                 0.80                          0.89                           0.04

LDH: Lactate dehydrogenase; MC: mast cells. Significant correlations are shown in bold.

Figure 3. Scatter plot displays of the Hounsfield unit (HU) value of
indolent and aggressive systemic mastocytosis (SM) The horizontal line
represents the mean value, the bars indicate the standard error of the
mean. The HU values were significantly higher for patients with
aggressive systemic mastocytosis compared to the indolent group
(mean: 245±127 vs. 121±16; p=0.04).



marker for a worse outcome (5). Presumably, patients with
osteosclerosis pattern have more severe disease progression
than osteopenia based upon a higher amount of mast cell
infiltration into the bone marrow (22).

Contrary to multiple myeloma, in the present study, only
positive HU values were found in the measured bone region.
As stated before, other bone localizations might have
negative HU values. 

There are several limitations of the present study to
address. Firstly, it was a retrospective study with possible
known inherent bias. To reduce bias, the CT measurement
was performed in a manner blinded to clinical and
pathological information. Secondly, the patient sample was
small, due to the low incidence of this disease. Furthermore,
SM is heterogeneous comprising indolent and aggressive
forms. Thirdly, bone marrow biopsy was performed after the
CT during clinical routine. Although every biopsy was
performed in the right iliac crest, there might have been
small spatial incongruencies. The CT was measured within
the right iliac crest but the measurement might also have
involved bone tissue, which was not investigated in the
biopsy. However, SM is a systemic disease involving the
whole skeleton, which might reduce this limitation. Finally,
variability of HU measurements caused by the use of
different CT scanners might exist (31). 

In conclusion, the present study identified that the HU
value derived from low-dose CT was positively associated
with mast cell infiltration in bone marrow in SM and with
the proportion of CD117-positive cells. Further studies are
needed to determine whether measurement of the HU value
has prognostic implications in SM and can be used as a
reliable biomarker in this disease.
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