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ABSTRACT

Erdheim–Chester disease is characterized by the infiltration of foamy histiocytes in tissues. Lesional 
tissue biopsy is recommended to confirm diagnosis and establish the BRAF mutational status. A 52-year-
old man presented to our hospital with hydronephrosis. Computed tomography showed enhancement of 
soft shadows around the left renal pelvis transition area and the aorta. He was treated with prednisolone 
0.2 mg/kg for 1 year; however, no improvement was observed. 18Fluorodeoxyglucose–positron emission 
tomography/computed tomography revealed increased fluorodeoxyglucose uptake in various body parts, 
including the maxillary sinuses, indicative of Erdheim–Chester disease. He refused further examination, 
and the maxillary sinus lesions were treated with antibiotics and intranasal steroids, but no improvement 
was observed. Two years later, he underwent biopsy with endoscopic sinus surgery of the maxillary sinus, 
which showed the highest increase in fluorodeoxyglucose uptake on repeat 18fluorodeoxyglucose–positron 
emission tomography/computed tomography. Endoscopic findings showed only nonspecific inflammatory 
findings, but pathological findings revealed the proliferation of cells with abundant foamy cytoplasms. 
Sufficient tumor volume was available to perform PCR for BRAF V600E mutation analysis, which was 
positive and resulted in a diagnosis of Erdheim–Chester disease with the BRAF V600E mutation. This is 
the first case of a patient with Erdheim–Chester disease with the BRAF V600E mutation identified in a 
sinus lesion. Endoscopic sinus surgery biopsy of the paranasal sinuses was considered to contribute to the 
histological and genetic diagnosis of Erdheim–Chester disease, particularly following the notable increase 
in fluorodeoxyglucose uptake.
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INTRODUCTION

Erdheim–Chester disease (ECD) is characterized by the infiltration of tissues by foamy 
CD68(+), CD1a(–) histiocytes.1 Only 1,500 cases of ECD have been reported worldwide as of 
July 2019.1 ECD affects most systems and organs, including the long bones, skin, cardiovascular 
system, retroperitoneum, and paranasal sinuses, with lesions of the maxillary and sphenoid sinuses 
being identified in 47% of cases.1 ECD is diagnosed via the identification of characteristic 
histopathological findings in appropriate clinical and radiological examinations.2 

In recent years, a high rate of detection of the BRAF V600E mutation has been reported in 
ECD, and BRAF inhibitor therapy has been introduced in some countries.3 Tissue biopsies are 
necessary to identify relevant mutations to broaden the treatment choice, as well as to confirm 
the diagnosis. However, selecting a specimen biopsy site is often difficult because of low tumor 
cellularity and lesion heterogeneity.3 To date, there are no reported cases of ECD in which the 
BRAF V600E mutation was confirmed by a biopsy of the sinuses. We herein describe a case in 
which a tissue biopsy of the maxillary sinus was performed via endoscopic sinus surgery (ESS) 
and was confirmed to be positive for the BRAF V600E mutation.

 CASE REPORT

A 52-year-old man with no medical history presented to our hospital with left hydronephrosis, 
which was revealed by abdominal echography during an annual checkup. He had no subjective 
symptoms, and blood samples showed a C-reactive protein level of 0.11 mg/dL and immu-

Fig. 1  Positron emission tomography
Fig. 1A:	At initial examination, bilateral maxillary sinuses showed increased FDG uptake (SUVmax, 6.28). 
Fig. 1B:	 The lateral right atrium also showed increased FDG uptake (SUVmax, 5.54).
Fig. 1C:	Two years later, despite the use of nasal steroids and macrolide antibiotics, bilateral maxillary sinuses 

showed worsening of the accumulation and expansion of the area with a SUVmax of 8.5.
Fig. 1D:	The retroperitoneum and mesentery showed pale and sparse FDG uptake and thickening of both renal 

capsules.
Fig. 1E:	 The bilateral distal femur, proximal tibia, and distal tibia showed hyperintensity and typical findings of 

ECD.
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noglobulin G4 level of 64.2 mg/dL (normal range <117 mg/dL). Computed tomography (CT) 
showed enhancement of soft shadows around the left renal pelvis transition area and the aorta. 
Retroperitoneal fibrosis was suspected, and he was treated with prednisolone 0.2 mg/kg for 1 
year. However, no improvement was noted on imaging. 

One year later, repeat CT showed gradual worsening of the perirenal and periaortic soft tissue 
shadows, and he was referred to the General Medicine department. 18F-fluorodeoxyglucose–
positron emission tomography (FDG-PET) /CT showed a maximum standardized uptake value 
(SUVmax) of 6.28 in the bilateral maxillary sinuses (Figure 1A), SUVmax of 5.54 in the lateral 
right atrium (Figure 1B), SUVmax of 3.39 in the periaortic region, infiltrative perinephric soft tissue 
thickening, and increased FDG uptake in the orbit and bone lesions. ECD was suspected on the 
basis of these findings. Biopsy was recommended for definitive diagnosis, but the patient refused 
further examination because he was asymptomatic. CT of the paranasal sinuses showed mucosal 

Fig. 2  Endoscopic examination of the maxillary sinus
Fig. 2A: �The posterior wall of the left maxillary sinus. Nonspecific inflammatory findings were observed, including 

erythema, granulation, and some angiogenesis (arrow).
Fig. 2B–2C: �Pathological findings of the posterior wall of the left maxillary sinus. The proliferation of cells 

with abundant foamy cytoplasms were observed in fibrous tissue, accounting for the sufficient tumor 
content by area for the cobas 4800 BRAF V600 mutation test. Hematoxylin and eosin staining, 
original magnification: B, ×100; C, ×400). 

PW: posterior wall
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thickening of the bilateral maxillary sinus, and the lesions were treated as chronic sinusitis. 
Specifically, macrolide antibiotics were used for 6 months, and expectorants and steroid nasal 
drops for 9 months. However, imaging findings revealed no improvement in mucosal thickening 
of the maxillary sinus. 

Over the next year, the patient gradually developed bilateral proptosis and pericardial effusion, 
which was treated with pericardiocentesis. His C-reactive protein level increased to 7.30 mg/dL. 
FDG-PET/CT showed a maxillary sinus SUVmax of 8.5 (Figure 1C), bilateral orbital SUVmax of 
7.5, aortic arch SUVmax of 3.6, right atrial SUVmax of 5.3, pale and sparse accumulation of the 
retroperitoneum, infiltrative perinephric soft tissue thickening (Figure 1D), and increased FDG 
uptake in bone lesions (Figure 1E). We obtained consent for a tissue biopsy and performed it 
via ESS from the posterior wall of the maxillary sinus, wherein the highest increase in FDG 
uptake was observed on FDG-PET/CT. The posterior wall of the maxillary sinus showed only 
nonspecific inflammatory findings (redness, granulation, and some angiogenesis) via endoscopy 
(Figure 2A). Pathological findings of the posterior wall of the left maxillary sinus revealed the 
proliferation of cells with abundant foamy cytoplasms in the fibrous tissue (Figure 2B and Figure 
2C). The proliferating cells were positive for CD68 and negative for S-100 and CD1a expression, 
consistent with ECD. The obtained tumor content (by area) in the tissue sample was >50%, and 
BRAF V600 mutation analysis PCR using the cobas 4800 BRAF V600 mutation test kit (Roche 
Diagnostics, Indianapolis, IN, USA) on formalin-fixed paraffin-embedded tissue was positive. 
He was diagnosed with ECD with the BRAF V600E mutation. He is under careful observation 
in an outpatient setting, but in the absence of medical insurance coverage is not being treated 
with a BRAF inhibitor.

DISCUSSION

We encountered a case of ECD with the BRAF V600E mutation diagnosed using histological 
and genetic analyses of the maxillary sinus via ESS. To the best of our knowledge, this is the 
first case of ECD with the BRAF V600E mutation identified in a sinus lesion. This demonstrates 
that sinus biopsy via ESS can be used as an alternative diagnostic method for patients with 
suspected ECD who show increased FDG uptake in the sinuses on FDG-PET/CT.

Identifying BRAF mutations in patients with ECD is clinically important because their muta-
tion status directly affects treatment choice.4 The BRAF inhibitor vemurafenib is approved by 
the US Food and Drug Administration and the European Medicines Agency for the treatment 
of ECD with the BRAF V600E mutation.5,6 However, the use of BRAF inhibitors for the treat-
ment of ECD is not currently covered by Japanese medical insurance despite their reported 
success.7-9 Identifying BRAF mutations could help the expansion of future treatment options 
in Japan. Although the cobas 4800 BRAF V600 mutation test kit relies on standard molecular 
genetic diagnostic methods, it requires a high tumor content by area.10,11 Therefore, biopsy site 
selection can be challenging3 if ECD lesions contain tissues with a high percentage of fibrosis 
to histiocytes, making them unsuitable for BRAF testing.12 

Few studies have reported biopsies of the paranasal sinuses in cases of ECD; of these, many 
required multiple biopsies for diagnosis,13,14 and none identified BRAF mutations.13-15 Paranasal 
sinus lesions are commonly observed in patients with ECD, particularly in the maxillary and 
sphenoidal sinuses.1 In the present case, FDG-PET/CT revealed the highest FDG uptake in the 
posterior wall of the maxillary sinus. Furthermore, ESS endoscopic findings showed only nonspe-
cific inflammatory findings, with no obvious tumor-related findings (Figure 2A). We performed 
a biopsy of the posterior wall of the maxillary sinus at the site of the highest increase in FDG 
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uptake. Although we were unsure from the endoscopic findings whether we had successfully 
biopsied the ECD lesion, pathological findings revealed sufficient tumor content by area (Figure 
2B), and genetic testing confirmed the presence of the BRAF V600E mutation. This indicates 
the value of testing for the BRAF V600E mutation in sinus specimens of patients with ECD.

FDG-PET/CT is best completed before biopsy, and biopsy should be performed at a safe and 
accessible site showing the highest FDG uptake.3 SUV accumulation in FDG-PET/CT has been 
associated with tumor lesion differentiation and proliferation,16 and a higher SUVmax correlates 
with BRAF V600E mutation positivity.12,17 We biopsied the maxillary sinus, which showed the 
highest accumulation on FDG-PET/CT. However, an abnormal accumulation of FDG in the 
paranasal sinuses on FDG-PET/CT is also observed in benign diseases such as sinusitis,18 making 
it difficult to differentiate between these diseases and to determine the best biopsy site. Although 
previous studies have shown that sinus lesions in cases of ECD have a high mean SUVmax of 
5.7 (range, 2.6–10),12 we could not rule out the possibility of chronic sinusitis from the imaging 
findings. Therefore, our patient was treated with antibiotics for 6 months and nasal steroids for 9 
months, but no improvement was observed on imaging, and the SUVmax worsened further (Figure 
1A, C). We recommend treating for sinusitis in cases where it is difficult to differentiate disease, 
but suggest that ECD should be suspected if there is little improvement.

The pathologic diagnosis of ECD has often involved biopsy of skin, bone, or soft tissue 
perirenal invasion.3 Most patients with ECD present with long bone osteosclerosis,19 but bone 
lesions usually require tissue processing involving demineralization. Because most demineraliza-
tion reagents contain strong acids that damage nucleic acids, DNA degradation is common so 
molecular testing is not possible.20 Therefore, particular demineralization techniques such as the 
ethylenediaminetetraacetic acid-based decalcification method must be used.3 Skin lesions (mainly 
xanthelasma-like lesions) and perirenal tissues are also suitable sites for biopsy as they are more 
appropriate for molecular studies than bone lesions.19 They are also the easiest to access and 
least invasive, but they are observed in fewer than half of ECD patients.19 No skin lesions were 
present in our case. Although the safety of CT-guided biopsy of perinephric tissue has been 
established,21 FDG-PET/CT of the perinephric to the retroperitoneal area showed a low SUV and 
sparse lesions in our patient (Figure 1D). This prompted us not to use the perinephric tissue 
biopsy sample for further analyses.

CONCLUSION

We report a case of ECD with the BRAF V600E mutation diagnosed via ESS. ESS is a useful 
method for performing tissue biopsy, including identification of the BRAF V600E mutation in 
cases of ECD. Although the endoscopic findings of ECD are nonspecific, ESS biopsy samples 
are suitable for histological analysis and can provide sufficient tissue content for genetic testing. 
We recommend selecting the biopsy site based on FDG-PET/CT findings.
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