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Objective: To investigate the clinicopathological features, and mutations of NRAS, KRAS, BRAF and MAP2K1 genes in extranodal
Rosai–Dorfman disease (RDD).
Methods: The clinic opathological features of 27 patients with extranodal RDD were retrospectively analyzed, and the NRAS,
KRAS, BRAF and MAP2K1 genes mutation were detected by Sanger sequencing.
Results: The male to female ratio was 1.7:1. The average age was 46.9 years. There were skin lesions in 12 cases (44.4%) and head
and neck lesions in 8 cases (29.6%). Microscopically, those patients with skin RDD had lesions characterized by clear and dark
intervals and obvious emperipolesis, while in other parts, the background was more complex. About 21.1% (4/19) had mutations,
including 3 mutations in NRAS 2 exon and 1 mutation in KRAS 2 exon. Two of the three NRAS mutations were located in the skin,
accounting for 20% (2/10) of skin RDD.
Conclusion: Extranodal RDD was more common in males than in females, and might occur in all ages, with a greater incidence in
skin, head, and neck. Besides the obvious microscopic characteristics in those with skin RDD, the background of other parts was
complex and easily missed or misdiagnosed. Some RDD with gene mutations, mainly in NRAS 2 exon, especially in skin RDD,
support partial RDD is a clonal disease.
Keywords: Rosai–Dorfman disease, clinical pathology, gene mutation, NRAS, KRAS, BRAF, MAP2K1, diagnosis, identification

Introduction
Rosai–Dorfman disease (RDD) is also known as sinus histiocytosis with massive lymphadenopathy. It is a rare non-
Langerhans cell histiocytosis with unknown etiology and pathogenesis. It was previously believed to be a polyclonal
proliferative disease. In recent years, some studies have found that RDD has different proportions of multiple gene
mutations involved in the MAPK/ERK pathway, so at least part of RDD is considered to be tumor.1 RDD has a variety of
clinical manifestations, including fever, leukocytosis, accelerated erythrocyte sedimentation rate, and polyclonal gamma
globulinemia. It can be divided into the lymph node type, extranodal type, and mixed type, of which the extranodal type
is the rarest.2–4 Under the microscope, the forms of extranodal RDD are diverse with complex backgrounds. Inadequate
knowledge of the disease may lead to misdiagnosis and mistreatment. In the present study, the clinicopathological
features of 27 cases with extranodal RDD were summarized, and literature analysis and discussion were combined to
improve the understanding of extranodal RDD to avoid missed diagnosis and misdiagnosis. Meanwhile, the NRAS/
KRAS/BRAF/MAP2K1 genes of 22 patients with paraffin blocks were sequenced by fluorescence PCR-capillary
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electrophoresis sequencing method, and the molecular pathological characteristics of RDD were preliminarily explored
to provide theoretical basis for relevant targeted therapy.

Materials and Methods
Clinical Data
Clinical data of 27 patients with extranodal RDD diagnosed from January 2014 to January 2022 were collected, including
gender, age, lesion location, treatment, and follow-up duration. Among them, 6 cases were from the First People’s
Hospital of Yunnan Province, 9 cases were from the Kunming Jinyu Medical Laboratory, 2 cases were from the Yunnan
Provincial Hospital of Traditional Chinese Medicine, and 10 cases were from the Changhai Hospital affiliated to the
Second Military Medical University. All cases were surgically resected. No informed consent was required after review
by the Ethics Committee of the First People's Hospital of Yunnan Province.

Immunohistochemical Staining
All specimens were fixed with 10% of neutral formalin, routinely dehydrated, and paraffin-embedded. Sections with
a thickness of 4 μmwere prepared for routine hematoxylin and eosin staining. The diagnosis was reviewed by two experienced
pathologist (X.-T. Yang et al) The EnVision method was used for immunohistochemical staining. The primary antibodies used
includes S-100, CD68, CDla, CD30, CD20, CD3, IgG and IgG4, all of which are mouse monoclonal antibodies. They were
purchased from Fuzhou Maixin Biotechnology Development Co.LTD. The second antibody was purchased from Dako,
Denmark. Manual manipulation was referred to instructions. Positive and negative controls were routinely set up.

Sanger Sequencing
NRAS exons 2/3/4, KRAS exons 2/3/4, MAP2K1 exons 2/3/6 and BRAF exon 15 were detected by fluorescence PCR
and capillary electrophoresis sequencing. All mutation detection kits are manufactured by Beijing Jingzhun Medical
Technology Co., LTD. PCR reaction system was 25μL: PCR reaction solution was 12.5μL, primer mixture was 10.5μL,
DNA template was 2.0μL. The amplification conditions were as follows: anti-contamination reaction of UDG enzyme at
37°C for 10min, pre-denaturation at 95°C for 10min, denaturation at 95°C for 15s, annealing at 62°C for 20s, extension
at 72°C for 30s, a total of 40 cycles, and then melting curve analysis. According to whether there is a melting peak at the
target temperature to determine whether there is a target product. Enzymolysis purification: 3μL PCR amplification
product and 2 µL enzymolysis mixture were mixed and reacted at 37°C for 60min, then incubated at 80°C for 15min for
enzyme denaturation. Sequencing system configuration: enzymolysis amplification product 2.0μL, sequencing primer
3.0μL, sequencing reagent 1.0μL, a total of 6.0μL sequencing reaction system. The sequencing reaction conditions were
as follows: pre-denaturation at 96°C for 1min, denaturation at 96°C for 10s, annealing at 50°C for 5s, and extension at
60°C for 2min, with a total of 30 cycles. The sequencing products were purified by sodium acetate - ethanol precipitation
method and sequenced by ABI 3500Dx gene analyzer. The sequencing results were compared with the genome sequence,
and the NRAS reference serial number was NM_002524.5. KRAS reference serial number is NM_004985; MAP2K1
reference serial number is NM_002755; The BRAF reference serial number is NM_004333.6.

Results
Clinical Characteristics
There were 27 patients with extranodal RDD, including 17 males and 10 females, with a male to female ratio of 1.7:1.
The ages ranged from 10 to 68 years, with an average age of 46.9 years and a median age of 50 years. There were 12
cases of lesions in the skin (44.4%), 8 cases in the head and neck (accounting for 29.6%, including 4 cases in the
nasopharynx sinus, 2 cases in the central nervous system, 1 case in the orbit, and 1 case in the salivary gland), 2 cases in
the bone, 2 cases in the breast, 1 case in the trachea, 1 case in the colon, and 1 case in the scrotum. Imaging data were
available in all cases except those located in the skin. Two cases in the bone showed local osteolytic destruction of the
centrum and soft tissue swelling (Figure 1). Other radiographs showed a local solid mass. Superficial mass was
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considered the main symptom to be treated in all 12 patients with skin lesions. Other clinical manifestations and signs
were connected to the lesion sites. The specific clinical conditions characteristics are shown in Table 1.

Pathological Examinations
In 12 patients with a skin lesion, a distinctive dermal or subcutaneous light and dark pattern were observed under the microscope,
with the light and dark areas simulating lymph node structures (Figure 2). The bright area was widened, with large tissue cells
appearing mainly flake-like or in a syncytial pattern. The cytoplasm was rich, large in volume, and lightly stained. The nuclei
were round or oval, with fine chromatin and small nucleoli. The phenomena of phagocytic lymphocytes, plasma cells, and
neutrophils were visible in the cytoplasm. These are also known as extension phenomenon (Figure 3). The dark area was
dominated by lymphoplasma cells and some follicles. Different degrees of fibrous tissue hyperplasia were visible in all cases with
skin RDD, and some cases had significant local fibrous tissue hyperplasia and showed a striated structure (Figure 4). In two cases
located in bone, the bright and dark areas were not featured, and a variety of inflammatory cells weremixedwithmany neutrophil
infiltrations, resembling the chronic suppurative inflammation (Figure 5). This could easily be misdiagnosed. However, careful
observation showed a huge volume of tissue cells was still visible, and some of the cytoplasm was foamy and showed extension.
Two cases located in the central nervous system did not obviously feature bright and dark areas but showed diffused infiltration of
many lymphocytes and plasma cells accompanied by small vascular proliferation (Figure 6). The four cases located in the
nasopharynx of the nasal sinus had the characteristic structure of bright and dark areas, but the number of RDD tissue cells
decreased in some areas, with an obvious inflammatory background accompanied by fibroblasts/myofibroblasts hyperplasia.
This was easily missed by those with less experience. In the remaining cases, different degrees of dark and bright structures,
extension, and fibrous hyperplasia appeared. No obliterating phlebitis was found in any case.

Immunohistochemical Results
The large tissue cells were positive for S–100 (Figure 7) and CD68. Conversely, CD1a and CD30 were negative. The
background lymphocytes were positive for CD20 and CD3. A small number of IgG4-positive cells (about 10–30 per
high-powered field [HPF]) were detected in 1 case with RDD in the central nervous system, 8 case with RDD in the skin,
1 case with RDD in the salivary gland, and 1 case with RDD in the trachea, with the IgG4/IgG ratio <40%. All the
remaining cases were negative for IgG4.

Figure 1 MRI indicated abnormal signal of thoracic vertebra 1, 2 and soft tissue around the appendix of the vertebra.
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Table 1 Clinical Data of 27 Patients with Rosai–Dorfman Disease

Number Gender Age
(Year)

Site Main Symptoms The Therapeutic
Method

Follow-up
Duration (Month)

Outcome Genetic Mutation
Results

1 Female 25 Thoracic vertebra 1, 2 Lumbar pain for more than 3

months, and lower limb

weakness for 18 days

Surgical removal 11 Relapse-free survival Negative

2 Male 60 Posterior parietal wall

of nasopharynx

Nasal obstruction for 10

years, aggravation for 1 year

Surgical removal 9 Relapse-free survival Negative

3 Male 49 Full group of sinuses Nasal obstruction and
decrease of sense of smell for

half a year

Surgical removal 7 Relapse-free survival Negative

4 Male 45 Right breast Mass in the right breast for
more than 5 months

Surgical removal 57 Relapse-free survival Failed

5 Female 50 The skin of the right

buttock

Mass for more than 2 years Surgical removal 1 Relapse-free survival Negative

6 Female 51 Epigastric skin Mass for more than 1 year Surgical removal 1 Relapse-free survival Negative

7 Male 52 Chest skin Mass for more than 2 years Surgical removal 10 Recurrence occurred 8

months after surgery, and
there were new lesions on

the back. Until now, no

treatment has been given

Negative

8 Female 36 Left frontal skin Mass for half a year Surgical removal 11 Relapse-free survival NRAS-Ex2 c.44G>A

(p.G15E)

9 Female 57 The skin of the right
lumbar

Mass for more than 1 year Surgical removal 27 Relapse-free survival NRAS-Ex2c.35G>A
(p.G12D)

10 Male 50 The parietal bone of

the left brain

Seizure attack for one time Surgical removal 22 Relapse-free survival Negative

11 Male 50 Occipital of the right

brain

Dizziness for a half month Surgical removal 39 Relapse-free survival NRAS-Ex2c.38G>A

(p.G13D)

12 Female 46 Trachea Dyspnea for six months Surgical removal 45 Relapse-free survival Negative
13 Female 60 Abdominal wall skin Mass was found Surgical removal 39 Relapse-free survival Negative

14 Male 38 The skin of the left
shoulder

Mass was found Surgical removal 3 Relapse-free survival Negative

15 Male 68 The skin of the left

cheek

Mass was found Surgical removal 35 Relapse-free survival Negative

16 Male 67 The right salivary

gland

Cervical mass Surgical removal 32 Relapse-free survival KRAS-Ex2c.34G>C (p.

G12R)

17 Male 10 The scrotum Mass was found Surgical removal 88 Relapse-free survival Failed
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18 Male 17 The right nasopharynx Nasal obstruction Surgical removal 31 Relapse-free survival Negative
19 Male 47 The nasopharynx Nasal obstruction Surgical removal 62 Relapse-free survival No paraffin block

20 Female 56 The orbit Mass was found Surgical removal 67 Relapse-free survival No paraffin block

21 Male 30 The breast Mass was found Surgical removal 60 Relapse-free survival No paraffin block
22 Female 68 The skin of the left

waist

Mass was found Surgical removal Loss to follow up Negative

23 Female 55 The upper lip, right
temporal skin

Mass was found for one year Surgical removal Loss to follow up Negative

24 Male 54 Skin of chest and back Mass was found for one year Surgical removal Loss to follow up Negative

25 Male 42 Thoracic vertebra 6 Numbness and weakness of
both lower limbs for more

than 1 month

Vertebral resection Loss to follow up No paraffin block

26 Male 38 Skin of the right face Mass was found for more
than one year

Surgical removal Loss to follow up No paraffin block

27 Male 24 The right hemicolon Abdominal pain for half a year Surgical removal Loss to follow up Failed
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Figure 2 Lesions in the bright and dark areas of the dermis stimulate the lymph node structure (HE).

Figure 3 The phenomenon of phagocytic lymphocytes, plasma cells, and neutrophils in the cytoplasm (HE).

Figure 4 Obvious fibrous tissue hyperplasia with storiform structure in some areas (HE).
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Figure 5 The features of bright and dark areas were not obvious with extensive neutrophil infiltration (HE).

Figure 6 Diffused infiltration of a large number of lymphocytes and plasma cells accompanied by small vascular proliferation.

Figure 7 Positive for S100 in the histiocytes. The En Vision two-step method.
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Sanger Sequencing Results
Among 27 patients, 5 cases were sent to our hospital for consultation and could not obtain paraffin blocks, so a total of 22
cases were sequenced. However, there were 3 cases with poor DNA quality and sequencing failure due to old paraffin
blocks or improper preservation, so there were actually 19 cases with sequencing results. Single gene mutation was
detected in 4 cases, accounting for 21.1% (4/19), of which 3 cases (15.8%, 3/19) were mutations in NRAS 2 exon, which
were c.44G > A (p.G15E), c.35G > A (p.G12D) and c.38G >A (p.G13D) (Figures 8–10). One case (5.3%, 1/19) was
KRAS 2 exon mutation, c.34G> C (p.G12R) (Figure 11). Two of the three NRAS mutations (Cases 8 and 9) were located

Figure 8 NRAS-Ex2 c.44G>A (p.G15E).

Figure 9 NRAS-Ex2c.35G>A (p.G12D).

Figure 10 NRAS-Ex2c.38G>A (p.G13D).
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in the skin, accounting for 20% (2/10) of skin RDD, and one case (case 11) was located in the occipital part of the right
brain. KRAS mutation was located in the right submandibular gland (case 16). BRAF and MAP2K1 gene mutations were
not detected in all cases. See Table 1 for details.

Follow-Up
The minimum follow-up duration was one month, the maximum was 88 months, and the median was 31 months. Six
cases were lost during the follow-up period. One patient with skin lesions had local recurrence and new lesions 8 months
after surgery, and until now, no treatment has been given. There was no recurrence in other cases.

Discussion
Destombes first reported RDD in 1965, and it was named by Rosai and Dorfman in 1969.5 The incidence is
approximately 0.005%, and it affects all age groups. In 2016, the International Society for Tissue-cell Tumor Research
classified the tissue cells into R groups according to their origin and divided them into familial, tumor-related, immune-
related, and IgG4-related RDD.3 According to the different sites involved, the lesions can be divided into the lymph node
type, extranodal type, and mixed type. The lymph node type and mixed type are the most common, while the extranodal
type is the least common (approximately 10%–20%).3,4 The male to female ratio of 27 patients with extranodal RDD in
the present group was 1.7:1. The age range was 10–68 years, with an average age of 46.9 years and a median age of 50
years. The skin was the most commonly affected location (44.4%), followed by the head and neck (29.6%).

The etiology of RDD is unknown. It may involve viral infections, malignant tumors, host immune disorders, IgG4-
related diseases, and various autoimmune diseases, but no conclusion as to its cause has been reached. Olmedo–Reneaum
et al6 reported a case of a person with HIV, RDD, and simultaneous infection with Salmonella and Mycobacterium avium
who eventually died. Gorodetskiy et al7 reported a case of a person with Sjögren’s syndrome accompanied by RDD and
lymph node marginal region lymphoma in which the Epstein–Barr virus was detected in both the RDD and lymphoma
tissues. It is suggested that viral infection may create an immune environment that ultimately leads to activation of the
histiocyte–macrophage system or tumor.

In recent years, some researchers have paid attention to the relationship between IgG4-related diseases and RDD.
Some researchers believe there is a morphological overlap between the two with the number of plasma cells in RDD
increased and an IgG4/IgG ratio of >40%, so the two diseases are considered being correlated.8 However, most
researchers believe the two diseases are distinct, with different clinical manifestations and therapeutic methods.
Infrequently, an increase of IgG4-positive cells may occur in RDD, and more often, the two diseases only overlap in
morphology and need to be distinguished.9,10 A small number of IgG4-positive cells (approximately 10–30 per HPF)
were observed in 11 of the 27 patients in the present group, and the IgG4/IgG ratio was <40%. The other cases were
negative for IgG4, and no occlusive phlebitis or storiform structures were found in the morphology. Therefore, it was not
enough to prove an association between RDD and IgG4-related diseases.

Figure 11 KRAS-Ex2 c.34G>C (p.G12R).
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Because of the extremely low incidence of RDD, there are relatively few studies on its pathogenesis. Most of the
studies are first-generation or second-generation sequencing studies of individual cases, and no consensus has been
reached. In recent years, a relatively large number of case studies have found mutually exclusive gene mutations of
Kirsten rat sarcoma viral oncogene homolog (KRAS) and mitogen-activated protein kinase (MAPK) kinase (MEK) 1
(MAP2K1) in RDD. Garces et al1 investigated 134 genes commonly associated with tumors of the lymphohematopoietic
system in 21 patients with RDD, and mutations were detected in 33% (7/21) of patients. Four of the patients had the
KRAS mutation and three had the MAP2K1 mutation. In all cases, B-Raf proto-oncogene serine/threonine kinase (BRAF)
gene mutations were not detected. Statistically, patients with the mutated gene were younger and experienced RDD in the
head and neck more commonly than those without the mutation. Three cases with the MAP2K1 mutation were
accompanied by phosphor–extracellular signal-regulated kinase (p–ERK) expression. Therefore, the authors believed
that, at least in some patients, the development of RDD might be related to the MAPK/ERK pathway, and it might be
a clonal disease. Mastropolo et al11 detected the BRAF–V600E mutation in a child with both RDD and Langerhans’
histiocytosis. After 3 months of treatment with the BRAF inhibitor, the clinical and imaging changes were improved.
Deletion of exon 12 of the BRAF gene has been detected in RDD involving the central nervous system.12 One patient
with the KRAS 117N mutation showed atypical histological changes and an invasive clinical course.13 Therefore, the
pathogenesis of RDD needs to be studied in a larger population of cases.

In this study, gene sequencing results were obtained from 19 cases, which is a relatively large number of sequencing
studies. About 21.1% (4/19) were found to have mutations, including 3 mutations in exon NRAS 2 and 1 mutation in
exon KRAS 2. NRAS 2 exon mutation was found in 2 (20%) of the 10 skin RDD with sequencing results. Nras-ex2
C.38g >A (P.G13d) mutation was found in one case of RDD located in the occipital part of the right brain. One case of
mandibular gland RDD had KRAS 2 exon C.34G>C (P.G12r) mutation. Our results further support the view that some
RDD is monoclonal, disease and NRAS-EX2 mutations are predominant, especially in skin RDD. Wu et al14 found that
about 57.1% (4/7) of skin RDD had NRAS mutations. In our study, the proportion of NRAS mutations was relatively
low, which may be due to our large number.

Clinical manifestations vary according to the site of RDD involvement. Patients with lymph node involvement may
mainly manifest symptoms like painless enlargement of lymph nodes with or without fever, night sweats, weight loss, etc.
The common extranodal sites include the skin, head and neck, and bone, as well as the urogenital system, the central nervous
system, and other soft tissues, which are manifested by symptoms and signs at corresponding sites.4,5,12,13 Patients with skin
RDD involvement mainly manifested symptoms as a local mass and skin lesions on the body surface. Patients with the nose
involved mainly manifested symptoms as nasal obstruction, epistaxis, nasal back malformation, a nasal mass, reduced
hearing, and loss of the sense of smell. Those with RDD involvement in the central nervous system might manifest
symptoms of facial paralysis, diplopia, headache, and somatosensory and functional disorders. Patients with bone RDD
involvement might mainly present with local pain, accompanied by limb dysfunction. Radiographically, RDD might
manifest as osteolytic and accompanied by a soft tissue mass, tumor-like, or an infectious disease. In the present group,
infectious lesions were diagnosed by imaging in cases 1 and 3, and a malignant tumor was considered in case 2.

The diagnosis of RDD was confirmed mainly by pathological examination. Due to the rarity and the complex
morphology of some cases, the literature shows that the number of biopsies required for diagnosis of RDD is 1–6, with
a median of 2.2 Under low magnification, the lymph node follicles and sinus structures were visible, showing interspersed
bright areas and dark areas, which is an important background suggestive of RDD. Under high magnification, the tissue
cells in the bright area are grouped or flaky, with large cell volumes. The cytoplasm is abundant, eosinophilic or
transparent, and foamy with ill-defined cell boundaries. The nuclei are round or oval, with light nuclear chromatin.
Sometimes, the nucleoli are prominent and the karyokinesis aspect is rare. The dark area is mainly composed of
lymphocytes, plasma cells, and a few neutrophils, with occasional germinal centers of lymphatic follicles. Another
important histological feature of RDD is lymphocyte extension, which is the phagocytosis of lymphocytes, plasma cells,
or neutrophils in the tissue cytoplasm.

The results in the present study showed that in patients with extranodal RDD in the skin, the microscopic light-dark
interphase feature was obvious, and lymphocytes were easily visible. In patients with extranodal RDD in other locations,
the background was more complex, especially in lesions located in the bones, sinus nasopharynx, and the central nervous
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system. In the later cases, more neutrophils, lymphocytes, plasma cell infiltrations with fibrous tissue, and small blood
vessel hyperplasia were observed, which interfered with the diagnosis. Sometimes, the inflammatory cells in the
pathological background were prominent, especially when many neutrophil infiltrations existed, which might easily be
misdiagnosed as chronic suppuritis by those with insufficient experience. Some patients with RDD have a long history
that may include significant fibrosis. The reduction of typical RDD cells, coupled with increased inflammatory cell
infiltration, is also easily missed in diagnosis. Immunohistochemistry showed the tissue cells were positive S–100 and
CD68, while negative for CD1a, langerin, and CD30.

Extranodal RDD should be differentiated from the following diseases: (1) Chronic inflammation. The lesions were
characterized by infiltration of lymphocytes and plasma cells and interstitial fibrous tissue hyperplasia. The hyperplasia
of tissue cells was not obvious, and there was no lymphocyte extension; (2) Langerhans’ cell histiocytosis. There is
a characteristic eosinophil background with relatively small tissue cells and a coffee-like nucleus with furrows and
inconspicuous nucleoli. Under low magnification, there was no alternating light and dark area and no lymphocyte
extension; (3) Erdheim–Chester disease. It is a rare, systemic disease of non-Langerhans’ cell histiocytosis that mainly
affects the skeleton. Histology showed a characteristic infiltration of lipid-rich histiocytic cells in the bone marrow
lumen, negative for S–100 and CD1a; (4) Rhinoscleroma, which should be distinguished from RDD occurring in the nose
and sinuses. The vacuolated tissue cells, neutrophils, and plasma cells were visible microscopically in Rhinoscleroma,
but the vacuolated tissue cells were S–100 negative, and bacillus rhinoscleromatis might be found by Giemsa staining;
(5) Lymphoma. All the above differential diagnoses were based mainly on immunohistochemistry. The tissue cells in
RDD lesions expressed CD68 and S–100 but did not express CD1a, CD30, anaplastic lymphoma kinase, etc. The
background lymphocytes and plasma cells showed polyclonal expression of T cells; B cells; and plasma cell markers,
such as CD2, CD3, CD20, CD19, CD38, CD138, κ, and λ.

The prognosis of RDD has not been determined. A few cases are self-limited, while most are not self-healing and are prone
to recurrence with involvement of the surrounding tissues. Some cases of refractory or death have been reported.11–13,15 In
2016, the International Society for Histiocytic Oncology (including pathologists, pediatricians, oncologists, hematologists,
internal medicine, and other clinicians) first proposed multidisciplinary consensus recommendations for the diagnosis and
clinical management of RDD.3

The recommendations state that uncomplicated lymphadenopathy or asymptomatic skin RDD should be monitored
first, since approximately 20%–50% of lymph node/skin RDD will spontaneously resolve. Surgery is usually limited to
biopsy or excision of a single lesion that can be cured.

For patients with respiratory tract obstructions with lesions in the nasopharynx and sinus or other important areas,
such as intracranial or in the spinal cord, surgical treatment should be the first choice. Glucocorticoid therapy can be used
in patients requiring systemic therapy, but the reliability and duration of efficacy are uncertain.3,16 Radiotherapy can be
recommended as adjuvant therapy in some patients, but the dose and cycle of radiotherapy have not been determined.3

Pagel et al17 reported that a patient with CD20-positive RDD received rituximab treatment leading to remission.
In recent years, with the discovery of gene mutations, there have been reports of the benefits of BRAF or MEK

inhibitors.11,18 All 27 patients in the present group were resected by operation. One patient relapsed 8 months after
surgery, and until now, no treatment has been given. Twenty cases survived without recurrence, and six cases did not
survive the follow-up interval.

Conclusion
RDD is a rare histiocytoproliferative disease with no characteristic changes in clinical manifestations and imaging, and
the diagnosis is mainly based on pathological examination. Especially in patients with extranodal RDD, the background
was complex and often lacked characteristic histological findings. Immunohistochemistry S–100 and CD68 might be
used for differential diagnosis. Our study found that about 21.1% of RDD had gene mutations, mainly in NRAS 2 exon,
which accounting for 20% in skin RDD. A few mutations were located in KRAS 2 exon. It indicates that NRAS and
KRAS mutation in MAPK/ERK pathway may involve the pathogenesis of RDD.Therefore, we believe that some RDD is
a clonal disease. At the same time, this study provides a theoretical basis for taking relevant targeted therapy.
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