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Abstract Malignant lymphoma of the cranial vault is a

rare entity and the tumor growth patterns are not well

understood. Here we report two cases of malignant lym-

phoma involving the scalp and epidural space with slight

changes in the intervening skull. A 63-year-old woman

presented with a scalp mass in her right frontal area.

Computed tomography (CT) and magnetic resonance (MR)

imaging demonstrated mass lesions in the scalp and

epidural space with slight osteolytic changes in the inter-

vening skull. She underwent resection of the lesions. A

53-year-old man presented with a mass in his right frontal

area. CT and MR imaging showed mass lesions in the scalp

and epidural space without changes in the skull. He

underwent resection of the lesions. The histopathological

diagnosis was diffuse large B cell lymphoma in both cases.

Microscopic examination of the intervening skull found

that the bone marrow was diffusely replaced by lymphoma

cells, and lymphoma cells extended to the extra- or intra-

cranial space along the emissary veins without destruction

of the cortical or trabecular bone. These histopathological

findings explain the radiological findings and provide the

clues to elucidate the mechanism of extension of cranial

vault lymphoma.
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Introduction

Malignant lymphoma of the cranial vault is rare. 59 cases

have been reported so far [1–7]. Recently, two systematic

reviews pointed out that this entity might involve both

scalp and epidural spaces without significant destruction of

the skull in the large proportion of the many cases. How-

ever, no reports have demonstrated the pathological find-

ings of the intervening skull.

Here we report two cases of malignant lymphoma of the

cranial vault with minimal changes in the intervening skull

and show the pathological findings of the skull.

Case reports

Case 1

A 63-year-old woman had a 4-month history of mass lesion

in her right frontal area (Fig. 1a). The skin over the lesion

was normal, and she had no neurological deficits. Her

cervical lymph nodes were swollen. Testing for antibody to

human immunodeficiency virus was negative. Bone com-

puted tomography (CT) revealed a mass lesion in the right

frontal scalp with slight osteolytic changes in the skull

(Fig. 1b). Magnetic resonance (MR) imaging showed

lesions in both the scalp and epidural space as hypointense

on T1-weighted imaging and hyperintense on T2-weighted

imaging (Fig. 1c, d). These masses were homogeneously

enhanced by gadolinium (Gd) (Fig. 1e). The diploe was

partially enhanced (Fig. 1e). Preoperative CT scan showed
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neither hepatomegaly nor splenomegaly. Biopsy from iliac

bone marrow and cervical lymph node showed no evidence

of lymphoma cells. 67Ga whole-body scintigraphy showed

uptake of 67Ga in the cranial mass, not in bilateral cervical

lymph nodes. Preoperative diagnosis was meningioma,

metastatic skull tumor, or mesenchymal tumor. Based on

preoperative diagnosis, the lesions in the scalp, skull, and

epidural space were resected. Intraoperatively, a mass

lesion was found under the galea aponeurotica. Tumor did

not invade to the surface of galea aponeurotica, and

periosteum and aponeurotica adhered tightly to the tumor.

As a result, the origin of the tumor was not identified,

intraoperatively. After removal of scalp lesion, many small

holes were found in the skull. The involved skull was

removed. A tumor was found on the dura without invasion

to the arachnoid or brain parenchyma. This tumor was

subtotally resected. The patient received subsequent

chemotherapy with cyclophosphamide, adriamycin, vin-

cristine, and prednisolone (CHOP). The patient remained

free from signs of disease recurrence at a 9-year follow-up

examination.

Case 2

A 53-year-old man had 2-month history of mass lesion in

his right frontal area (Fig. 2a). The skin over the lesion was

normal, and he had no neurological deficits. Testing for

antibody to human immunodeficiency virus was negative.

Brain and bone CT revealed a mass lesion in the right

frontal scalp and epidural space without changes in the

skull (Fig. 2b, c). MR imaging revealed extra- and intra-

cranial masses as hypointense on T1-weighted imaging and

hyperintense on T2-weighted imaging (Fig. 2d, e). These

masses were heterogeneously enhanced by Gd (Fig. 2f).

Fig. 1 Macroscopic and radiological findings of case 1. a Photograph
demonstrating the gradually growing subcutaneous mass in the right

frontal area. b Computed tomography scan of the bone demonstrating

the mass lesion in the right frontal scalp with slight osteolytic changes

of the skull. Magnetic resonance images demonstrating the extra-

cranial and intra-cranial masses as hypointense on T1-weighted

imaging (c) and hyperintense on T2-weighted imaging (d). These
masses were homogeneously enhanced by gadolinium (e)
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18F-fluorodeoxyglucose (FDG) positron emission tomog-

raphy (PET) showed uptake of FDG in the cranial mass

lesion (maximum standardized uptake value (SUVmax) 9.5)

and the bilateral cervical lymph nodes (SUVmax 3.5). The

result of FDG-PET did not provide a definitive finding for

differentiating lymphoma from non-specific inflammatory

changes. Physical examination revealed no evidence of

lymphadenopathy. Preoperative CT scan showed neither

hepatomegaly nor splenomegaly. Biopsy from iliac bone

marrow showed no evidence of lymphoma cells. Preoper-

ative differential diagnosis was meningioma, metastatic

skull tumor, mesenchymal tumor or malignant lymphoma.

The lesions located in the scalp, skull, and epidural space

were resected. Intraoperatively, a mass lesion was firmly

attached to the galea aponeurotica and subaponeurotic

tissue, and the origin of the tumor was not identified. After

removal of this lesion, many small holes were found in the

skull. A tumor was found on the dura, but without invasion

to the arachnoid or brain parenchyma. Intraoperative

pathological analysis did not rule out the possibility of

malignant mesenchymal tumor, and we decided to perform

debulking surgery. This tumor involved the superior

sagittal sinus so subtotal resection was performed. The

patient received subsequent chemotherapy with rituximab

and CHOP (R-CHOP). The patient had local recurrence

7 months after surgery and received 40 Gy of radiation

therapy to the tumor bed. Complete response was obtained

after radiation therapy, and he is free from second recur-

rence 17 months after surgery.

Pathological investigations

After fixation in 10 % formalin overnight, the resected

tissues were embedded in paraffin with routine methods

and 3-lm thick sections were cut. Bone tissues were

Fig. 2 Macroscopic and radiological findings of case 2. a Photograph
demonstrating the gradually growing subcutaneous mass in the right

frontal region. Computed tomography scans of the brain (b) and bone

(c) demonstrating the mass lesion in the right frontal scalp and

epidural space without changes in the skull. Magnetic resonance

images demonstrating the extra-cranial and intra-cranial masses as

hypointense on T1-weighted imaging (d) and hyperintense on T2-

weighted imaging (e). These masses were heterogeneously enhanced

by gadolinium (f)
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decalcified in 10 % formic acid solution for 3 weeks before

being embedded in paraffin. The sections were stained with

hematoxylin and eosin. Immunohistochemistry was per-

formed using an automated immunostainer (Roche, Tokyo,

Japan) following the manufacturer’s instructions with

antigen retrieving treatments. The antibodies used were as

follows: CD3 (DAKO, polyclonal, 1:50 dilution), CD20

(DAKO, L26, 1:100 dilution), CD79a (DAKO, L26, 1:100

dilution), CD10 (Leica, L26, 1:100 dilution), Bcl-2

(DAKO, L26, 1:100 dilution), Bcl-6 (DAKO, L26, 1:20

dilution), MUM-1 (DAKO, L26, 1:100 dilution).

Pathological findings

The tumors in both cases consisted of large lymphoid cells

with large nucleus and prominent nucleolus, and these cells

proliferated diffusely (Fig. 3a, b). Immunohistochemical

analysis revealed that the tumor cells were positive for

CD20 (Fig. 3c) and negative for CD3. The histological

diagnosis was diffuse large B cell lymphoma (DLBCL) in

both cases. Histological examination of the intervening

skull found minimal destruction of the cortical and tra-

becular bone in both cases (Fig. 3d), and bone marrow was

replaced by lymphoma cells (Fig. 3g, h). Mild to moderate

reparative changes with osteolysis and hyperostosis were

identified. These changes in the trabecular bones with mild

fibrosis of the bone marrow were slightly more conspicu-

ous in case 2. Tumor cell extension to the extra-cranial

space along the emissary veins was often observed in both

cases (Fig. 3d–f, arrows).

As there have been few reports demonstrating the

expression of the prognostic markers in the cranial vault

lymphoma, we examined the expression of CD10, Bcl-6

and MUM-1. Both cases showed negative for CD10 and

MUM-1. Bcl-6 expression was negative in case 1 and

positive in case 2 (Table 1). Ki-67 labeling index was quite

high in both cases (Table 1).

a b c

fd e g

h

Fig. 3 Histological findings of the tumor and intervening skull

specimens. a, b H&E staining of the resected bone demonstrating

diffuse infiltrative growth of large atypical lymphoid cells with

prominent nucleus and nucleolus which had proliferated diffusely.

c Immunohistochemical analysis for CD 20 demonstrating that the

tumor cells were positive for B lymphocytic marker. H&E staining of

the emissary vein in case 1 (d, e) and case 2 (f), demonstrating tumor

cells extending along the emissary vein (arrows). g, h H&E staining

of the diploe demonstrating that the bone marrow was replaced by

lymphoma cells without destruction of the trabecular bones. Scale

bars 10 lm in a–c, 200 lm in d, 75 lm in e, 50 lm in f, and 100 lm
in g and h
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Discussion

In this report, we described two cases with cranial vault

lymphoma. It was difficult to decide whether these cases

were primary or secondary infiltration of systemic disease.

There were no physical or radiological findings of systemic

disease, except swelling cervical lymph node in case 1 and

abnormal uptake of 18FDG in cervical lymph node of case

2. Considering the absence of lymphoma cells in the

specimen from cervical lymph node in case 1 and relatively

lower 18FDG uptake of cervical lymph node in case 2, both

cases in this report were considered to be primary cranial

vault lymphoma.

According to a previous report [1], findings of the skull in

2 cases with primary and 3 cases with secondary infiltration

of systemic disease were described in detail. Both of primary

and secondary skull lesions exhibit identical features,

including permeative skull lesion without destruction of

cortical bone, andmultifocal lesions. However, patients with

secondary infiltration of systemic disease had poorer prog-

nosis compared with primary cranial vault lymphoma [1].

Previous cases have demonstrated the radiological find-

ings of malignant lymphoma of the cranial vault [1, 2, 8].

Dural or cranial vault lymphomas involve both the extra-

and intra-cranial spaces [1–16], and the two cases in this

report also showed tumor extension to both extra- and intra-

cranial spaces. In addition, the intervening skull shows

characteristic findings in malignant lymphoma [1, 2, 8, 9,

11, 14, 16–19]. Bone CT showed osteolytic changes in

74 % of cases and hyperostotic changes in 5 %, whereas

18 % had normal cranial vault [2]. Such absence of bone

erosion or osteolysis may be a characteristic finding of

malignant lymphoma of the cranial vault [1, 8, 9, 11, 18].

Since bone CT in our two cases showed tumor extension to

both the extra- and intra-cranial spaces and slight changes in

the intervening skull, our cases illustrate typical radiologi-

cal findings of malignant lymphoma of the cranial vault.

These radiological characteristics are well understood,

but how lymphoma cells extend to the scalp, intervening

skull, and epidural space remains unknown. We reviewed

the intraoperative and histopathological findings of the

intervening skull to elucidate the structural and histological

changes in the intervening bones and the mechanisms of

tumor growth and invasion of malignant lymphomas. Our

histopathological analysis of the intervening skull showed

lymphoma cells infiltrated the intra-diploe space by

extending along the emissary veins without destroying the

overall bone structure. We consider that this permeating

growth pattern is important finding for understanding the

mechanisms of tumor growth or invasion of malignant

lymphoma of the cranial vault. Similarly, lymphoma have a

permeative growth pattern into the subarachnoid space

along Virchow–Robinson space of perforating vessels [9,

12], periosteum of femur [20], and long bone [21].

Case 2 had early recurrence immediately after comple-

tion of R-CHOP chemotherapy. He received salvage radi-

ation therapy and had remission of recurrent disease. Some

previous reports demonstrated outcomes of CHOP

chemotherapy with or without rituximab in the treatment of

cranial vault DLBCL [4–7, 11–13, 22]. Despite variable

treatment strategies and small number of cases, all of the

cases with target lesion had good response to the therapy

[7, 11, 13, 22] and did not develop the recurrence for

6 months to 3 years [4–6, 12, 13]. However, there were

cases, in which aggressive recurrence had developed even

during initial chemotherapy [7]. To predict such cases, we

analyzed the expression profiles of predictive markers for

prognosis. According to the previous report, the expression

pattern of CD10, Bcl-6 and MUM-1 can be predictive of

survival in DLBCL [23]. Based on the expression profile,

DLBCL can be classified into germinal B cell like (GCB)

group and non-GCB group, and the former had better

overall survival rate than that of the latter [23]. Cases 1 and

2 were classified into non-GCB and GCB group, respec-

tively. This result did not correspond to their clinical

course. To elucidate the significance of this classification in

the cranial vault lymphoma, long-term follow-up and

accumulation of cases are indispensable.

In conclusion, malignant lymphoma of the cranial vault

showed a permeating growth pattern along the space of the

bone marrow and emissary veins without destruction of the

skull. Minimum changes in the intervening skull on CT

reflected this growth pattern.
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