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Abstract
This is, to our knowledge, the first case report with in-depth analysis of bone marrow and bone lesions with diffusion-
weighted imaging and dynamic contrast-enhanced MRI in Erdheim-Chester disease to date. We present a case of a 70-year-
old woman who was referred for an X-ray of the pelvis, right femur and right knee after complaints of migratory arthralgia 
in hip and knee five months after an initial hip and knee trauma. Bone lesions on X-ray were identified. This case report 
highlights the strength and complementary use of modern multimodality multiparametric imaging techniques in the clinical 
radiological manifestations of Erdheim-Chester disease, in the differential diagnosis and in treatment response assessment, 
which is classically performed using 18FDG PET-CT. Erdheim-Chester disease is a rare form of non-Langerhans’ cell his-
tiocytosis, mainly affecting individuals in their fifth-seventh decade of life and without sex predominance. Apart from the 
typical bilateral symmetric lesions in long bone diaphyseal and metaphyseal regions and classically sparing the epiphyses, 
this multisystemic disease causes significant morbidity by infiltrating critical organs (the central nervous system, cardiovas-
cular system, retroperitoneum, lungs and skin). With non-traumatic bone pain being the most common complaint, Erdheim-
Chester disease is diagnosed most often in an incidental setting on imaging. The imaging workup classically consists of a 
multimodality approach using conventional radiography, CT, MRI, bone scintigraphy and 18FDG PET-CT. This case report 
extends this evaluation with diffusion-weighted imaging and dynamic contrast-enhanced imaging techniques.

Keywords Erdheim-Chester disease · Diffusion-weighted imaging · Dynamic contrast-enhanced MRI · X-ray · CT · 
SPECT · 18FDG PET-CT · Radiology · Imaging · Treatment response

Introduction

Erdheim-Chester disease (ECD) is a rare histiocytosis which 
can affect almost all organ systems [1, 2]. Recent molecular 
investigations have led to recognition of ECD as a neoplastic 
disorder, although the presence of an inflammatory environ-
ment is important in the pathogenesis and clinical manifes-
tations [3, 4]. Typical findings include diabetes insipidus 

of unknown origin, sclerotic bone lesions resulting in bone 
pain, restrictive pericarditis and retroperitoneal fibrosis [3]. 
Other possible affected systems include the skin and the 
nephrological, urological, respiratory, endocrine and cen-
tral nervous systems [1, 2, 4, 5]. Current imaging recom-
mendations for diagnosis and workout of patients with a 
suspected ECD include a CT chest, abdomen and pelvis, an 
18F-fluorodeoxyglucose (FDG)-PET-CT including the head 
and distal extremities and an MRI of the brain and the heart 
[3]. Yet, the gold standard for diagnosis is histopathologic 
examination of a suspicious bone or soft tissue lesion, which 
may be challenging. Classic histopathologic features include 
foamy or lipid-laden histiocytes surrounded by fibrosis and 
Touton giant cells. The histiocytes typically show CD68, 
CD163 and factor XIIIa positivity with langerin and CD1a 
negativity [3]. Additionally, molecular analysis exploring 
mutations in the MAPK pathway (BRAF, KRAS, NRAS, 
MAP2K1, ARAF), which are present in > 80% of patients, is 
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mandatory as they support the diagnosis even in the absence 
of typical histopathological features and form a potential 
treatment strategy [3, 6]. Treatment with BRAF and/or MEK 
inhibitors is often successful and secondary resistance is 
extremely rare [1, 3]. There are no prospectively validated 
response criteria for ECD. Follow-up with 18F-FDG-PET-
CT every three to six months, which exposes the patient to a 
high dose of ionizing radiation, is recommended. Multipara-
metric magnetic resonance imaging (MRI) with functional 
MRI sequences consisting of diffusion-weighted imaging 
(DWI) and dynamic contrast-enhanced (DCE)-MRI may 
be a valuable alternative, as this reduces ionizing radiation 
and may reflect tissue biology more accurately. We report a 
case of ECD with BRAF V600 mutation, treated with BRAF-
MEK inhibitors (dabrafenib and trametinib), with longitudi-
nal follow-up with DWI and DCE-MRI, which may provide 
new insights into lesion characteristics and tumor biology at 
diagnosis and during treatment regarding cellularity, water 
diffusion capacity, and vascularization.

Case report

Initial presentation

A 70-year-old woman was referred to the hospital for an 
X-ray of the pelvis, right femur and right knee after com-
plaints of migratory arthralgia in hip and knee five months 
after an initial hip and knee trauma. The patient initially 
reported pain in the right hip, groin, thigh and knee. No 
further attention was paid to these complaints by the patient 
as she attributed them to age-related degeneration. The per-
sonal medical history shows a diagnosis of systemic lupus 
erythematosus, diabetes insipidus suspected to be linked to 
the systemic lupus, arterial hypertension and recurrent syn-
cope. There is a familial history of multiple sclerosis and 
malignancy of the colon and the brain.

Imaging

X-rays of the pelvis, right femur, and right knee were per-
formed to investigate possible causes of the reported migra-
tory arthralgia. Two osteolytic lesions were detected in the 
right distal femur and in the medial aspect of the lesser tro-
chanter of the right proximal femur, which were initially 
suspected to be incidentally detected bone metastases. Both 
lesions were radiolucent, irregular and ill defined. No corti-
cal destruction or soft tissue mass was observed. No other 
abnormalities could be observed (Fig. 1a–c).

A thorough workup for metastasis of a solid tumor 
or multiple myeloma (MM) was initiated. Lab analysis 
showed normal renal and hepatic function. Free light chains 
kappa and lambda were raised (32.20 mg/l and 36.94 mg/l, 

respectively), as well as the IgM and IgG fractions (16.35 g/l 
and 2.42 g/l, respectively). Immunofixation showed a vague 
and small band in the lambda fraction. Upon bone marrow 
biopsy, there was no clonal expansion of plasma cells. As 
such, a diagnosis of MM was highly unlikely. Moreover, no 
primary tumor was detected with mammography, breast and 
thyroid ultrasound, gastrointestinal endoscopy and chest and 
abdominal CT. She was then referred to our tertiary hospital 
for further examination. In order to characterize the osteo-
lytic lesions, the chest and abdominal CT were re-evaluated 
(Fig. 1d–j). We found extensive, irregular bone lesions sus-
pected for malignancy. Most lesions were osteolytic and had 
heterogenous sclerotic margins. Some cortical thickening 
was visible around the lesions, especially in the iliac bone. 
The lesions in the right and left iliac bone also showed corti-
cal breakthrough with associated soft tissue masses. Similar 
lesions were detected in the right femur, right scapula and 
axillary part of the seventh left rib, without cortical break-
through. No lesions were observed in the spine.

Late whole-body scintigraphy images with attenuation 
correction (IRACRR) showed increased uptake in the cranial 
and distal parts of the right femoral diaphysis, the cranial 
part of the left and right tibial diaphysis, the right sacroiliac 
joint, right scapula, axillary part of the ribs, right humeral 
head and the right mandible. Late tomography images 
showed increased uptake in the cranial and distal parts of 
the right femoral diaphysis, the left femoral diaphysis, the 
cranial part of both tibial diaphyses, both sacroiliac joints 
and the transition of the L5-S1 facet joints on the right side, 
suspected for malignancy. For the lesion in the right man-
dible, a differential diagnosis of osteonecrosis could not be 
excluded.

An 18F-FDG-PET-CT examination (Fig.  2) was per-
formed to identify a possible primary tumor. The PET-
images were corrected for tissue attenuation using CT 
(attenuation correction with low mAs and 120 kV). High 
FDG uptake was seen in the right inferior border of the man-
dible, the gastroduodenal transition, both sacroiliac joints, 
the left iliac bone, the cranial and distal parts of the right 
femoral diaphysis, the right scapula and humeral head, and 
the axillary part of the seventh left rib. The whole-body CT 
images matched the images made prior, with the addition 
of an osteolytic lesion in the ascending ramus and corpus 
of the right mandible. The bone lesions were suspected 
for bone metastases, except for the lesion in the mandible, 
which could also be an osteonecrotic lesion. Gastroscopy 
with biopsy was performed to evaluate the gastroduodenal 
transition. No primary tumor could be identified.

A 1.5 Tesla whole-body MRI (Siemens Avanto Fit, Sie-
mens Healthineers, Erlangen, Germany) was performed 
to investigate the detected osteolytic lesions and poten-
tial differential diagnoses like metastases and plasma cell 
dyscrasias. The protocol consisted of whole-body coronal 
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T1- and T2-STIR-weighted images and sagittal T1-weighted, 
T2-weighted with fat saturation and contrast-enhanced 
T1-weighted images with fat saturation, DWI, and DCE-
MRI of the thoracic and lumbar spine and sacrum (Table 1). 
Focal bone marrow lesions were detected in the entire axial 
and appendicular skeleton, except for the left scapula [7] 
(Fig. 3). The lesions’ diameters varied from 3 mm (left 
humerus) to 63 mm (right posterior iliac bone). Other exten-
sive lesions were detected in the distal lateral metaphysis of 

the right femur (52 mm), the right lesser trochanter (41 mm), 
the right scapula (33 mm), the right humerus (20 mm), the 
posterior aspect of the left seventh rib (10 mm) and the 
mandible (9 mm). They were characterized by a low signal 
intensity (SI) on T1-weighted images and an intermediate 
to high SI on T2-weighted images with fat saturation and 
extensive enhancement. Furthermore, the lesions were inho-
mogeneous with irregular borders and showed central fat 
inclusions. These changes were visible both on the coronal 

Fig. 1  X-rays of the right knee and hip (a–c) and CT thorax and 
abdomen in bone window (d–j). a, b Coronal and sagittal views of 
the knee joint reveal an osteolytic lesion in the distal third of the 
femur (arrow). c Coronal view of the hip joint and proximal femur 
reveals an osteolytic lesion in the medial aspect of the lesser tro-

chanter (arrow). Coronal (d, e, j), sagittal (f–h) and axial (i) views 
show multiple osteolytic lesions (arrows) of the right and left iliac 
bone, right femur, right scapula and axillary part of the seventh left 
rib without and with (circle) cortical breakthrough and associated soft 
tissue masses
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and the sagittal images. The bone marrow surrounding the 
lesions in the spine and elsewhere in the skeleton appeared 
normal. The lesions presented with diffusion restriction on 
the DWI sequences (Fig. 4b, c) and showed highly increased 
vascularization and perfusion on DCE-MRI (Fig. 4d). The 
surrounding bone marrow showed no diffusion restriction 
and normal, slow time-intensity curves [8]. No increased 
vascularization and perfusion were noted.

A DCE-MRI of the thoracic and lumbar spine was per-
formed in the sagittal plane (7.5 ml Gadovist bolus, arrival 
time 7.14 s, 20 ml saline flush). Qualitative, semi-quanti-
tative and quantitative analyses were performed using an 
additional postprocessing pipeline (Siemens Syngo.Via 
VB60A_HF01, Siemens Healthineers, Erlangen, Germany). 
For the qualitative analysis, regions of interest were drawn 
in the L3 and S3 lesions, in the paravertebral muscles, in 
the aorta and in the T10 and L4 vertebral bodies and time-
intensity curves (TIC) were calculated. The aorta showed a 
typical arterial type IV TIC with a quick enhancement, steep 
wash-in followed by a wash-out, indicating good quality of 
the contrast injection [8]. The paravertebral muscles showed 
a typical type II curve with a slow wash-in, higher ampli-
tude and slow sustained enhancement. T10 showed a type 
II curve with a low maximal enhancement, a slow enhance-
ment, slow wash-in and sustained enhancement, indicating 
low perfusion and tissue vascularization, high capillary 
resistance and low capillary permeability [8]. L4 showed 
a type I curve with almost no enhancement. The lesion in 
L3 showed an active type IV curve with steep first pass, 
rapid wash-in, maximal enhancement higher than that in the 
aorta and strong wash-out, indicating very high perfusion, 
minimal vascular resistance and small interstitial space [8]. 

The lesion in S3 showed a type III curve with a steep first 
pass, rapid wash-in and plateau phase but with a very slow 
wash-out, indicating higher capillary resistance [8] (Fig. 4d).

Additionally, a semi-quantitative analysis was performed 
to derive the TIC parameters of the previously used regions 
of interest. A constant T1 protocol was used. Parameters 
included wash-in, wash-out, time-to-peak, the positive 
enhancement integral and the initial area under the curve 
(iAUC) (Table 2). A quantitative analysis was performed 
to generate the time-concentration curve to derive the char-
acteristic parameters describing the contrast distribution 
over the vascular, interstitial and cellular compartments. 
The Tofts pharmacodynamic model was applied to calcu-
late Ktrans, Kep, volume of the extracellular extravascular 
space (Ve) and iAUC [9] (Table 2). A pixelwise T1 protocol 
and slow arterial input function type (chi-square = 0.033) 
were used.

Anatomopathological and laboratory investigation

A bone biopsy of the right posterior superior iliac spine was 
conducted to investigate one of the detected bone lesions 
suspected for malignancy (Fig. 5). The bone marrow could 
be investigated for a variety of differential diagnoses like 
MM, Langerhans cell histiocytosis or lymphoma at the same 
time. A control CT pelvis was conducted to evaluate the 
biopsy trajectory and rule out possible sampling error.

The biopsy underwent decalcification prior to micro-
scopic investigation. Bone trabeculae interspersed with 
hematopoietic tissue were evident. The bone marrow had a 
normal cellularity. All hematopoietic lineages were well rep-
resented and showed normal maturation. Several large areas 

Fig. 2  Axial (b, c, d, e, g) and coronal (a, f) whole-body  18F-FDG-
PET-CT images show increased non-physiological uptake in the right 
inferior border of the mandibular ramus, the gastroduodenal transi-

tion, both sacroiliac joints, the base of the left iliac bone, the cranial 
part of the right femur, the right scapula and humeral head and the 
axillary part of the seventh left rib (arrows)
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Table 1  Imaging parameters of the whole-body MRI examination with whole-body sagittal and coronal anatomical sequences, sagittal spine 
diffusion-weighted imaging and sagittal spine dynamic contrast-enhanced imaging

2D two-dimensional, 3D three-dimensional, b diffusion-sensitizing gradient, cor coronal, cc cubic centimeter (milliliter), DCE dynamic con-
trast-enhanced (MRI), DWI diffusion-weighted imaging, EP echo planar, FS fat saturated, Gd gadolinium, GR gradient recalled, IR inversion 
recovery, mm millimeters, MP MAG prepared, ms milliseconds, N/A not available, PFP partial Fourier phase, sag sagittal, SE spin echo, SK 
segmented k-space, SP spoiled, OSP oversampling phase, T1 T1-weighted imaging, T2 T2-weighted imaging, TIRM turbo inversion recovery 
magnitude, TSE turbo spin echo, WB whole-body

WBT1sag 
(TSE)

WBT2FSsag 
(TSE)

WBT1FS-
sag + Gd 
(TSE)

WBT1cor 
(TSE)

WBT2cor 
(TIRM)

SpineDWIsag 
(3 scan trace)

SpineT-
1vibesag 
pre-dynamic

SpineT1twist-
DCEsag

Echo time 
(ms)

10 68 10 8.8 108 86 1.59 1.73

Repetition 
time (ms)

654 3470 516 661 8640 5100 5.37 4.25

Inversion time 
(ms)

N/A N/A N/A N/A 140 180 N/A N/A

Slice thick-
ness (mm)

3.3 3.3 3.3 7 7 3 4 4

Spacing (mm) 3.3 3.3 3.3 7 7 3.3 N/A N/A
Scanning 

sequence
SE SE SE SE SE/IR EP/IR GR GR

Sequence 
variant

SK/SP/OSP SK/SP/OSP SK/SP/OSP SK/SP SK/SP/MP 
(scan option 
IR)

SK/SP/MP/
OSP (scan 
options IR/
PFP/FS)

SP/OSP SP/OSP

Acquisition 
type

2D 2D 2D 2D 2D 2D 3D 3D

b-values N/A N/A N/A N/A N/A b0, b200, 
b400, b600, 
b1000

N/A N/A

Number of 
averages

2 1 2 3 1 3 8 1

Magnetic 
field 
strength 
(Tesla)

1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

Number 
of phase 
encoding 
steps

576 767 576 384 383 179 189 173

Echo train 
length

3 13 3 3 21 89 1 0

Transmit coil Body Body Body Body Body Body Body Body
Acquisition 

matrix
N/A N/A N/A 0/384/384/0 0/384/384/0 0/192/192/0 0/192/146/0 0/192/138/0

Flip angle 
(degrees)

150 150 150 150 150 90 2 and 15 12

Pixel spacing 0.91/0.91 0.91/0.91 0.91/0.91 1.30/1.30 1.30/1.30 1.67/1.67 2.34/2.34 2.34/2.34
Field of view 350 × 782 350 × 782 350 × 782 500 × 1279 501 × 1285 319 × 319 450 × 450 450 × 450
Contrast 

medium 
used

N/A N/A Gadovist 
(gadobutrol)

N/A N/A N/A N/A Gadovist 
(gadobutrol)

Contrast vol-
ume (cc)

N/A N/A 7.5 N/A N/A N/A N/A 7.5

Temporal 
resolution

N/A N/A N/A N/A N/A N/A N/A 1 image/1.5 s 
(acquisition 
time 117.5 s)
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of fibrosis were present in the bone marrow, which demon-
strated focal lymphocytic infiltrates and scattered plasma 
cells. At high magnification, some histiocytes with ill-
defined vacuolated cytoplasm could be discerned in the areas 
of fibrosis. Immunohistochemistry (IHC) of the lymphoid 
infiltrates showed both CD3 and CD20 positivities, indicat-
ing the presence of both B- and T-lymphocytes. No atypical 
lymphocytes could be identified. IHC for CD138 confirmed 
increased plasma cells, polytypical for kappa and lambda 
light chains. In MM, a monoclonal expansion of kappa or 
lambda plasma cells would be expected [10]. Plasma cells 
were mainly positive for IgG without increase of IgG4-
expressing cells, indicating the lesions were not caused by 
IgG4-related disease. No aberrant expression of cytokeratins 
or CD30 was seen, excluding metastatic malignant epithe-
lial cells and anaplastic large cell or Hodgkin lymphoma, 
respectively. IHC for CD68 demonstrated multiple histio-
cytes. These did not stain for CD1 and langerin, excluding 
Langerhans cell histiocytosis [5]. A slight increase of mast 
cells was noted in the fibrotic areas by IHC for CD117 and 
mast cell tryptase. There was, however, no cluster formation 
and the mast cells showed normal morphology, making the 
diagnosis of a mast cell tumor unlikely. ALK, HMB45 and 
S100 IHC were negative, making the diagnosis of anaplastic 
large cell lymphoma and melanoma unlikely as well. Addi-
tionally, S100 negativity again pointed toward ECD, as this 
is usually positive in a Langerhans cell histiocytosis [5]. 
The blood vessels were ERG-, CD34- and CD31-positive, 
indicating normal presence of endothelial cells and possible 
endothelial progenitors caused by angiogenesis.

The BRAF mutation test detected a V600E/E2/D muta-
tion in codon 600 of BRAF (Idylla™ BRAF Mutation Test), 
which supported the diagnosis of ECD [3, 6].

A new biopsy of the right iliac crest confirmed the diag-
nosis, demonstrating the same morphological and immuno-
histochemical findings.

Evolution

The patient was hospitalized for additional investigations 
in the workout of ECD. The osteolytic lesions and diabetes 
insipidus of the patient were deemed to fit the diagnosis of 
ECD [3]. The patient was referred to dermatology and oph-
thalmology and underwent imaging to expose involvement 
of other organs.

An echography and MRI of the heart were conducted to 
reveal possible restrictive pericarditis or heart infiltration. 
No focal myocardial lesions were found. The increased myo-
cardial extracellular volume suggested a slight diffuse myo-
cardial fibrosis, but this could be caused by edema as well. 
Clinical significance of these findings was unclear.

An 18F-FDG-PET-CT was conducted to investigate ret-
roperitoneal fibrosis and involvement of other organs. Two 
mildly to moderately active foci were observed in the upper 
mediastinum: one at the aortic arch and one at the base of 
the brachiocephalic trunk. These foci were suggestive for 
vasculitis caused by ECD. Other active foci were found in 
the axial and peripheral skeletons and matched those found 
in the previous 18F-FDG-PET-CT.

A bone scintigraphy with technetium 99m-methyl diphos-
phonate (Tc-99m MDP) was performed to further investigate 
bone involvement. Increased bone conversion was seen in 
the same regions as those earlier identified. The lesions in 
the spine that were identified with whole-body MRI were 
not visible on scintigraphy. A brain MRI showed a normal 
adeno- and neurohypophysis. No other significant lesions 
were detected.

The patient was referred to the oncology department 
for treatment. Because of the BRAF mutation, treatment 
with dabrafenib (Tafinlar) and trametinib (Mekinist) was 
indicated [3, 6]. Both dabrafenib and trametinib are small 
molecules, inhibiting the activity of BRAF and MEK, 
respectively. Oral treatment was started with 2 × 150 mg of 
dabrafenib and 1 × 2 mg of trametinib daily.

Three months after initiation of therapy, a control 
18F-FDG-PET-CT scan and whole-body MRI were con-
ducted. 18F-FDG-PET-CT was conducted 60  min after 
intravenous 18F FDG injection. The osteolytic lesions in the 
skeleton which were identified and characterized in the pre-
vious examinations all showed a clear decrease in metabolic 
activity, as well as a decrease in different osteolytic compo-
nents, mainly in the right scapula and right iliac bone. The 
hypermetabolism at the base of the brachiocephalic trunk, 
which was identified in the previous examination, had com-
pletely disappeared as well. The active focus at the aortic 
arch (i.e., base of the subclavian artery) was still visible and 
showed no change in activity.

For the whole-body MRI, the protocol consisted of 
coronal T1- and T2-STIR-weighted images and sagittal 
T1-weighted, T2-weighted with fat saturation and contrast-
enhanced T1-weighted images with fat saturation of the tho-
racic and lumbar spines, DWI and DCE-MRI. The DCE-
MRI was performed in the sagittal plane (7.5 ml Gadovist 
bolus, arrival time 7.14 s, 20 ml saline flush) and qualitative, 
semi-quantitative and quantitative analyses were conducted 
using the same regions of interest with calculation of the 
TIC, wash-in, wash-out, time-to-peak, the positive enhance-
ment integral and the iAUC. The Tofts pharmacodynamic 

Fig. 3  Whole-body MRI examination with T1-weighted (upper row) 
and T2-weighted images after fat saturation (lower row). a, d Coro-
nal images show a large T1 hypo- and T2-STIR hyperintense lesion 
of the right iliac bone with irregular borders (arrow). b, e Coronal 
images show a large T1 hypo- and T2-STIR hyperintense lesion of 
the distal right femur with irregular borders (arrow). c, f Sagittal 
images show two large T1 hypo- and T2-STIR hyperintense lesions 
of the L3 and S3 vertebral bodies (arrows)

◂
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model was applied to calculate Ktrans, Kep, Ve and iAUC 
(Table 3). A pixelwise T1 protocol and slow arterial input 
function type (chi-square = 0.033) were used.

On the anatomical sequences, a good therapy response 
was observed. The active bone marrow lesions identified at 

diagnosis all showed significant therapy changes, resulting 
in an evolution of the skeletal score from 12/13 to 0/13. All 
smaller marrow lesions had completely disappeared and the 
larger lesions showed volume reduction and serous transfor-
mation with unclear, irregular borders and/or fatty infiltration 
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(Fig. 6). On DWI-MRI, the earlier identified lesions with dif-
fusion restriction had completely disappeared. No pathologi-
cal diffusion restriction was identified in the entire skeleton 
(Fig. 4f, g). On DCE-MRI, the aorta showed a typical arterial 
type IV TIC with a quick enhancement, steep wash-in fol-
lowed by a wash-out. The paravertebral muscles, T10 and L4 
showed a type II curve with slow first pass, slow wash-in and 
low sustained enhancement with a higher amplitude, a type II 
curve with a small amplitude and a type I curve with almost no 
enhancement, respectively. The lesions in L3 and S3, however, 
showed a type II curve with slow first pass, slow wash-in and 
low sustained enhancement similar to that in T10 instead of 
the earlier identified active type IV curve with steep first pass, 
rapid wash-in and steep wash-out and type III curve with steep 
first pass, rapid wash-in and a plateau phase with sustained 
enhancement. This indicates evolution from high perfusion 
with minimal to low vascular resistance and small interstitial 
space to low perfusion, high vascular resistance and low per-
meability (Fig. 4h).

Discussion

We report a unique description of bone lesions in ECD, with 
DWI and DCE-MRI. We found distinct characteristics that 
may help to discriminate the etiology of bone lesions, pri-
marily between bone metastasis, MM and ECD.

Furthermore, this is the first case report with repeated 
18F-FDG-PET-CT and (functional multiparametric) DWI 
and DCE-MRI images on treatment with BRAF and MEK 
inhibitors in ECD. After three months of treatment, the ear-
lier identified osteolytic lesions on 18F-FDG-PET-CT all 
showed a decrease in metabolic activity, indicating good 
therapy response. This was confirmed on whole-body MRI: 
on anatomical sequences, active bone marrow lesions that 
were identified before therapy now all showed a significant 
necrotic, fatty or gelatinous transformation. Smaller marrow 
lesions had completely disappeared and the larger lesions 
showed volume reduction with serous transformation. On 
DWI-MRI, earlier identified lesions with diffusion restric-
tion had completely disappeared after treatment. Evaluation 
of the DCE-MRI sequences showed that the lesions in L3 
and S3 now showed a type II curve with slow first pass and 
low amplitude, indicating evolution from high perfusion 
with minimal to low vascular resistance and small intersti-
tial space to low perfusion, higher vascular resistance and 
lower permeability. When the semi-quantitative and quan-
titative parameters obtained after therapy are compared 
to those obtained before therapy, it can be noted that the 
wash-in values in the lesions have decreased after therapy. 
This indicates fewer inflow, capillary leak and permeability 
within the lesions. Furthermore, an increase in wash-out 
was seen, indicating that the interstitium within the lesions 
expanded. The time-to-peak value increased, meaning that 
the histological bone marrow invasion and bone marrow per-
fusion diminished. The positive enhancement integral and 
iAUC from the TIC both decreased as well. The volume 
transfer constant from plasma to extravascular extracellular 
space (Ktrans) decreased, indicating a decrease in exchange 
between blood and bone marrow. The rate constant from 
extravascular extracellular space to plasma (Kep) increased 
within the L3 lesion and decreased within the S3 lesion. 
The extravascular extracellular space volume per unit of tis-
sue volume (Ve) increased within the vertebral bodies and 
decreased within the lesions. This indicates an increase in 
interstitial space within the vertebral bodies and a decrease 
in interstitial space within the lesions. The initial area under 
curve from the time-concentration curve decreased.

For these reasons, a multiparametric MRI investigation of 
patients with ECD could provide important additional infor-
mation not obtained from other imaging modalities, aiding 
clinicians to correctly diagnose ECD and start correct treat-
ment in an early stage of disease.

ECD is a rare type of non-Langerhans cell histiocyto-
sis that was first described in 1930 by J. Erdheim and W. 
Chester. The disease has recently been recognized as a 
clonal myeloid neoplastic disorder owing to the discov-
ery of repeated mutations in the mitogen-activated pro-
tein kinase (MAPK) pathway [2, 11]. The disease typically 
affects adults between the fifth and seventh decade with a 

Fig. 4  Sagittal whole-spine contrast-enhanced T1-weighted images 
after fat saturation (a, e), sagittal thoracolumbar (thoracic vertebra 
1–lumbar vertebra 3; 319 × 319), and lumbosacral (thoracic verte-
bra 11–sacral vertebra 5; 319 × 319) spine 3 scan trace DWI b1000 
images (b, c, f, g) and dynamic contrast-enhanced MRI time-inten-
sity curves before and after treatment (d, h). Sagittal whole-spine 
contrast-enhanced T1-weighted image after fat saturation before treat-
ment (a) shows enhancing lesions in the L3 and S3 vertebral bodies 
(arrows), which show a type III (S3) curve with a plateau phase and 
type IV (L3) curve with steep wash-out and a rapid slope on the time-
intensity curve data point fit lines of the dynamic contrast-enhanced 
MRI sequence (d) (temporal resolution 1 image/1.5  s with a total 
acquisition time of 117.5 s after gadolinium injection). This is indica-
tive of high perfusion and vascularization, high bulk water flow, 
high vascular permeability and small interstitial space volume. The 
T10 and L4 vertebral bodies show no increased enhancement with 
flat type II (T10) and I (L4) curves indicative for localized disease. 
Spine 3 scan trace DWI b1000 images (b, c) only show a lesion with 
diffusion restriction in the S3 vertebral body (arrow). Sagittal whole-
spine contrast-enhanced T1-weighted image after fat saturation after 
treatment (e) shows no enhancement in the prior lesions in the L3 and 
S3 vertebral bodies (arrows), which now both show a type II curve 
(h), indicative of an evolution from high perfusion with minimal to 
low vascular resistance and small interstitial space to low perfusion 
with high vascular resistance and low permeability. Spine 3 scan 
trace DWI b1000 images after treatment (f, g) show no pathological 
diffusion restriction. The identified lesion in S3 with high diffusion 
restriction in previous DWI examination cannot be identified. A.U., 
arbitrary unit; L3/L4, third/fourth lumbar vertebra; S3, third sacral 
vertebra; s, seconds; SI, signal intensity; T10, tenth thoracic vertebra
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Table 2  (Semi-)quantitative 
analysis of the DCE-MRI 
examination before therapy: 
Descriptive parameters of 
the time-intensity curve and 
time-concentration curve 
are compared between the 
lesions (lesion in L3 and S3) 
and reference tissues (aorta, 
paravertebral muscle, T10 
vertebral body and L4 vertebral 
body)

Kep rate constant, Ktrans transfer constant, L3 and L4 third and fourth lumbar vertebra, S3 third sacral ver-
tebra, T10 tenth thoracic vertebra

Aorta Muscle T10 L4 Lesion L3 Lesion S3

Time-intensity curve parameters
  Wash-in 2.069 0.157 0.005  − 0.011 0.195 0.349
  Wash-out  − 0.107 0.012  − 0.004 0  − 0.009  − 0.016
  Time to peak 0.205 0.538 0.615 0.231 0.333 0.538
  Positive enhancement integral 0.494 0.094 0.007 0.004 0.122 0.157
  Initial area under curve 0.332 0.054 0.003 0.001 0.065 0.103

Time-concentration curve parameters
  Ktrans 4 0.705 0.541 0.008 3.864 4
  Kep 5.515 4.136 5.031 5.214 22.224 4.507
  Volume of the extracellular 

extravascular space
0.725 0.17 0.108 0.002 0.174 0.887

  Initial area under curve 1.051 0.16 0.106 0.003 0.201 0.915

Fig. 5  Trephine biopsy of the iliac crest. a At low magnification, 
mainly fibrosis is visible (hematoxylin and eosin, × 100). b In this 
case, even at high magnification, individual histiocytes are more dif-
ficult to recognize than usually in ECD, due to important fibrosis. The 

background shows barely discernible histiocytes with delicate vacu-
olization (hematoxylin and eosin, × 400). c At immunohistochemical 
staining for CD68, the histiocytes become clearly visible (hematoxy-
lin and eosin, × 200)

Table 3  (Semi-)quantitative 
analysis of the DCE-MRI 
examination after therapy: 
Descriptive parameters of 
the time-intensity curve and 
time-concentration curve are 
compared between the prior 
lesions (prior lesions in L3 and 
S3) and reference tissues (aorta, 
paravertebral muscle, T10 
vertebral body and L4 vertebral 
body)

Kep rate constant, Ktrans transfer constant, L3 and L4 third and fourth lumbar vertebra, S3 third sacral ver-
tebra, T10 tenth thoracic vertebra

Aorta Muscle T10 L4 Lesion L3 Lesion S3

Time-intensity curve parameters
  Wash-in 1.559 0.056 0 0.002  − 0.01 0.076
  Wash-out  − 0.098 0.017 0.004 0  − 0.004 0.019
  Time to peak 0.205 0.923 0.641 0.256 0.718 0.718
  Positive enhancement integral 0.55 0.058 0.009 0.001 0.023 0.078
  Initial area under curve 0.355 0.021 0.002 0 0.004 0.028

Time-concentration curve parameters
  Ktrans 2.117 0.074 0.076 0.346 0.245 0.171
  Kep 2.19 0.542 0.561 25.434 39.983 1.183
  Volume of the extracellular 

extravascular space
0.967 0.136 0.136 0.014 0.006 0.145

  Initial area under curve 1.604 0.066 0.068 0.033 0.015 0.099
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slight male predilection, affects multiple organ systems and 
its clinical presentation can range from asymptomatic bone 
lesions to multisystemic variants that are, despite being a 
non-malignant neoplastic disorder, potentially fatal if left 
untreated [12, 13]. Typical manifestations of the disease are 
involvement of long bones (96% of all cases) and rarely axial 
bones, diabetes insipidus, circumferential thickening of the 
aortic wall, retroperitoneal fibrosis and perinephric infiltra-
tion [14–17]. The involvement of the central nervous system 
is a prognostic factor and an independent predictor of fatality 
[1, 12, 18]. Particular histopathological findings are diffuse 
xanthogranulomatous infiltrations with mononuclear foamy, 
lipid-laden histiocytes and Touton-like polynuclear giant 
cells alongside the presence of lymphocytes and eosinophil 
infiltrations surrounded by various stages of fibrosis [13, 
17–19]. Histochemical and molecular analyses of the foamy 
histiocytes in tissue biopsies will stain positively for CD68, 
CD14 and CD163 and negatively for CD1a, langerin and 
S100. The negative stain for CD1a is an important differ-
ential diagnostic argument to rule out Langerhans cell his-
tiocytosis which stains positively for both CD68 and CD1a 
[13, 15, 17–19]. BRAFV600E gain-of-function mutations are 
present in more than 50% of the patients with ECD [1, 4, 6, 
13, 18]. This recent molecular discovery alongside the recent 
approval of the first targeted therapy for BRAFV600E muta-
tions (vemurafenib) indicates that there is a need for updated 
guidelines to optimize the diagnosis and treatment of ECD 
[3, 6]. The use of vemurafenib in patients with severe multi-
systemic forms and refractory disease has been reported as 
highly beneficial [1, 2, 15, 16]. Other recurrent mutations 
were those in NRAS, MAP2K1 and PIK3CA [18].

Imaging wise, the disease usually manifests as a bilateral 
symmetric cortical sclerosis accompanied by a homogenous 
or heterogenous sclerosis of the spongy bone typically at 
the diaphyseal (79%) and metaphyseal (76%) regions. The 
epiphyseal regions are rarely affected (8%). On MRI, the 
bone involvement is seen as an extensive replacement of 
fatty bone marrow. This results in a heterogenous low signal 
intensity, typically hypointense to muscle, on T1-weighted 
sequences, heterogenous high signal on T2-weighted 
sequences and heterogenous enhancement on contrast-
enhanced T1-weighted sequences. The pattern of involve-
ment is potentially related to the disease staging and can 
range from diffuse to geographic, nodular or reticular. MRI 
is particularly useful in evaluating the extent of medullary 
bone disease. Skeletal CT findings in ECD typically show 
cortical thickening and heterogenous medullary sclerosis. 
CT is an excellent imaging modality to investigate the pres-
ence of extraskeletal manifestations such as pulmonary 
involvement, cardiovascular involvement, involvement 
of the kidneys and/or retroperitoneum. Technetium-99 m 
bone scintigraphy typically shows intense bilateral sym-
metrical tracer uptake of the appendicular skeleton (mainly 

the femur and tibia) usually sparing the epiphyseal regions. 
Bone scintigraphy can occasionally show increased tracer 
uptake in regions that were radiographically deemed normal. 
18F-FDG-PET-CT imaging typically reveals bilateral high 
18F FDG uptake in the same skeletal regions as 18F accu-
mulates inside cells that are inflammatory activated. This 
imaging modality also evaluates the extent of extraskeletal 
manifestations [17, 19–22].

Differential diagnoses of ECD based on the patient’s 
radiological presentation include different osteosclerotic 
conditions such as malignant bone metastases, MM, chronic 
osteomyelitis, lymphoma, Paget’s disease, Pyle’s disease and 
Camurati-Engelmann’s disease. Primary tumors often asso-
ciated with osteolytic bone lesions are MM, renal cell carci-
noma, melanoma, non-small cell lung cancer, non-Hodgkin 
lymphomas, thyroid cancer, breast cancer and Langerhans-
cell histiocytosis. However, among these conditions, the 
specific extraskeletal manifestations are exclusive to ECD 
and its presence can rule out the aforesaid conditions. Addi-
tionally, the pattern of bone involvement that is seen on 
MRI can be excellent in ruling out other conditions as bone 
involvement in ECD typically manifests as a bilateral corti-
cal sclerosis that is symmetric with accompanied spongy 
bone sclerosis sparing the epiphyseal regions [17, 19, 21].

In the case presented here, the initial clinical presentation 
was migratory arthralgia in the hip and knee five months 
after a trauma. Initial X-rays of the pelvis, right femur and 
right knee showed lesions suspected for osteolytic bone 
metastasis. In order to detect further metastases, a CT tho-
rax and abdomen, bone scintigraphy and echography of the 
thyroid gland were performed. Findings on CT imaging and 
bone scintigraphy were suspected for malignancy, and thus, 
a 18F-FDG-PET-CT examination was performed to iden-
tify a possible primary tumor. The bone lesions were again 
suspected for bone metastases, but no primary tumor was 
identified. A bone biopsy was taken from a lesion in the 
right superior posterior iliac spine. Anatomopathological 
examination showed an increase in polytypic plasma cells 
and fibrosis, but there was no evidence of metastasis. As 
the patient’s clinical presentation was suspected for MM, 
a serum protein electrophoresis with immunofixation was 
performed, which showed no arguments of a monoclonal 
peak. Free light chains kappa and lambda were slightly 
increased but the kappa/lambda ratio was normal, indicat-
ing a polyclonal expansion. Urine protein electrophoresis 
showed no monoclonal peak and tumor markers were not 
elevated. A bone marrow sample was obtained and showed 
no arguments for plasma cell dyscrasias.

Whole-body MRI showed multiple focal, heterogenous 
bone lesions with a skeletal score of 12/13 as the left 
scapula remained disease free [7]. The bone lesions were 
non-sharply delineated and showed residual fat compo-
nents, not typical for MM or metastases. DWI showed a 
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diffusion restriction in the bone lesions, indicating dense 
cellular content and small interstitial space [8]. DCE-MRI 
of the bone lesions showed type IV curves with maxi-
mal enhancement higher than the aorta. A strong wash-
in and wash-out was seen, indicating very high perfusion 
and minimal vascular resistance within the lesions [9]. 
These findings, alongside with the diffusion restriction, 
were consistent with focal MM lesions. The distribution 
pattern of the lesions however was atypical with presen-
tation in the mandible and tibia. In MM, lesions would 
primarily be present in the proximal parts of the femur and 
humerus, pelvis, and spine [8]. Furthermore, the lesion 
morphology with inhomogeneous aspect, central fat inclu-
sion and unclear irregular borders did not fit the typical 
presentation as seen in MM. Homogenous round lesions 
with a regular and clearly defined border would be typical 
in patients with MM and metastases [8]. Cellularity, perfu-
sion and vascularity were not typical for MM as well. In 
most MM cases, there would be a diffusion restriction in 
the entire spine as focal lesions are mostly accompanied 
by diffuse bone marrow disease. In addition, the diffusion 
restriction would most likely be more pronounced in case 
of combined diffuse and focal pattern and would be pre-
sent in all focal lesions [9]. The TIC of both lesions would 
also be a type IV curve with high wash-in and wash-out 
rates. Furthermore, the semi-quantitative and quantitative 
parameters showed differences with those found in MM, 
especially at the lesion found in S3. Wash-in time would 
be shorter and there would be stronger wash-out. The 
time-to-peak would also be lower [9]. The combination 
of results from anatomical and functional DWI and DCE-
MRI sequences made it possible to exclude the diagnosis 
of MM. However, the heterogenous aspect of the lesions 
combined with the irregular borders, central fat inclusions 
and the distribution pattern puts up the possible diagnosis 
of ECD [4, 19, 20, 22]. Together with the additional find-
ings of a small adeno- and neurohypophysis and a history 
of diabetes insipidus commonly associated with ECD, 
the diagnosis purely based on radiological presentation 
seemed even more likely [1]. Anatomopathological con-
firmation followed.
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