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Abstract
Malignant lymphoma of the head rarely arises outside of the brain parenchyma as primary 
cranial vault lymphoma (PCVL). A case of PCVL that invaded from subcutaneous tissue into 
the brain, passing through the skull, and occurred after mild head trauma is reported along 
with a review of the literature. The patient was a 75-year-old man with decreased activity. One 
month before his visit to our hospital, he bruised the left frontal area of his head. Magnetic 
resonance imaging showed homogeneously enhanced tumors with contrast media in the 
subcutaneous tissue corresponding to the head impact area and the cerebral parenchyma, 
but no obvious abnormal findings in the skull. A biopsy with craniotomy was performed under 
general anesthesia. The pathological diagnosis was diffuse large B-cell lymphoma. On histo-
logical examination, tumor cells grew aggressively under the skin. Tumor cells invaded along 
the emissary vein into the external table without remarkable bone destruction and extended 
across the skull through the Haversian canals in the diploe. Tumor cells were found only at the 
perivascular areas in the dura mater and extended into the brain parenchyma. Considering 
the history of head trauma and the neuroimaging and histological findings, the PCVL in the 
present case arose primarily under the skin, passed though the skull and dura mater, and in-
vaded along vessels and reached the brain.
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Introduction

Primary central nervous system lymphoma, accounting for approximately 3% of central 
nervous system tumors, generally occurs in the brain parenchyma, such as the periventricular 
white matter, corpus callosum, and basal ganglia. On the other hand, malignant lymphoma 
rarely arises in the cranial vault outside the brain parenchyma without being accompanied 
by systemic lymphoma. This pathological behavior has been defined as primary cranial vault 
lymphoma (PCVL) [1, 2]. PCVL extends from the subcutaneous tissue to the dura mater and 
may even invade into the brain parenchyma [1, 2]. Furthermore, PCVL has been reported to 
arise extremely rarely in the site corresponding to past head trauma [3–6]. A rare case of 
PCVL that sandwiched apparently normal skull between subcutaneous and intracerebral 
lesions after mild head trauma is presented along with a review of the literature.

Case Report

The patient was a 75-year-old man with an otherwise unremarkable past history. One month 
before visiting our hospital, he slipped on the floor in the bathroom of his house and bruised the 
left frontal area of his head. Immediately after the injury, a lump with a blue bruise suggesting 
subcutaneous hemorrhage appeared on the injured area, but he paid no attention to it afterward. 
However, while the lump gradually enlarged, some symptoms, including gait disturbance, memory 
disturbance, and decreased activity, appeared and progressed rapidly, so his family members took 
him to our hospital. The subcutaneous lesion was an elastic hard, painless mass, but with normal 
colored skin. Blood examinations showed no immunodeficiency, virus infections, or other abnor-
malities. Computed tomography (CT) showed tumors with high density both in the subcutaneous 
and intracerebral regions of the left cranial vault, but no abnormalities in the skull bone (Fig. 1). 
On conventional magnetic resonance imaging, T2-weighted imaging demonstrated the intracerebral 

Fig. 1. Bone window setting CT. CT, computed 
tomography.
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tumor with high signal intensity surrounded by widespread edema in the white matter, leading to 
a midline shift (Fig. 2a). The tumor showed strong high signal intensity on diffusion-weighted 
imaging (Fig. 2b). T1-weighted imaging with contrast media homogeneously enhanced both circum-
scribed subcutaneous and intracerebral tumors and showed a finding that mimicked the dural tail 
sign (Fig. 2c), but there were no obvious changes in the skull structure. Based on the imaging findings, 
the tumor was suspected to be a meningioma, metastatic brain tumor, or malignant lymphoma.

To make a histological diagnosis, a craniotomy was performed under general anesthesia. 
Intraoperatively, after a skin incision, the subcutaneous tumor was found to be growing in the 
temporal muscle layer. The skull seemed normal with a facade of usual tinge and hardness 
without evidence of erosion or destruction. The intracerebral tumor was easily separated from 
beneath white matter because the border between tumor and white matter was relatively clear. 
Since the intraoperative rapid pathological diagnosis was malignant lymphoma, removal of the 
tumor was stopped, and most of the intracerebral tumor was left to avoid injuring speech 
function. A consecutive block specimen comprising subcutaneous tumor, skull, dura mater, and 
intracerebral tumor was collected (Fig.  3a). On hematoxylin-eosin-stained preparations, the 
subcutaneous tumor consisted of neoplastic lymphocytes with poor cytoplasm, as well as large 
round nuclei, intermingling diffusely with temporal muscle fibers (Fig. 3b). Tumor cells invaded 
along the emissary vein into the external table of the skull and also filled in the perivascular 
spaces in the Haversian canals of the diploe (Fig. 3c). In the dura mater, tumor cells infiltrated 
sparsely, only around blood vessels (Fig. 3d). Tumor cells showed positive immunostaining for 
CD20 (Fig. 3e), CD79a, CD10, Bcl-2, Bcl-6, and MUM-1 in all segments of the tumor, and the 
pathological diagnosis was therefore diffuse large B-cell lymphoma. After the diagnosis, positron 
emission tomography with 18F-fluorodeoxyglucose and bone marrow examination were carried 
out, but there were no abnormal findings in the body. The patient received chemotherapy with 
high-dose methotrexate for 3 cycles, followed by whole-brain and local boost radiotherapy at a 
total dose of 40 Gy/20 fractions, and the residual tumor disappeared completely. The patient 
has maintained relapse-free survival for 12 months after surgery.

Discussion

A literature search identified reports of a total of 63 cases of PCVL [1–5, 7–10]. In those 
63 cases, PCVL arose predominantly in the parietal and frontal vaults of the head (24 parietal 
and 19 frontal) in middle-aged and elderly people. The male-to-female ratio showed a slight 

Fig. 2. Conventional MRI prior to surgery, T2WI (a), diffusion-weighted imaging (b), T1WI with contrast 
media (c). MRI, magnetic resonance imaging; T2WI, T2-weighted imaging; T1WI, T1-weighted imaging.
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female predominance (24 men/39 women), and most cases were diffuse large B-cell lymphoma 
(41/63 cases) [1–9]. Thirteen of 63 cases (20.6%) had PCVL invading the brain parenchyma 
[1–5, 7–9]. Since PCVL involving the dura mater and skull resembles meningioma and meta-
static brain tumor, a diagnosis based on imaging findings is frequently difficult. Therefore, a 
pathological differential diagnosis of tissue specimens is essential [1]. Indeed, since the findings 
of conventional magnetic resonance imaging in the present case resembled those of menin-
gioma and metastatic brain tumor, pathological diagnosis after a craniotomy was imperative.

PCVL must arise from subcutaneous tissue, skull, or dura mater. To determine which 
tissue is the primary site, however, may be difficult because PCVL extends across multiple 
layers between subcutaneous and subdural spaces on the initial imaging [7]. In the literature, 
PCVL originating from the dura mater was a low-grade marginal zone lymphoma in most 
cases, which frequently invades to the adjacent leptomeninges, but rarely to the scalp and 
skull [11]. Primary lymphoma of the skull shows a moth-eaten pattern, which is a slight 
change in the cortex of the skull in the early phase. Then, the skull is gradually eroded and 
completely destroyed in the late phase, while tumor invades the subcutaneous tissue [12]. In 
the pathological findings of the present case, the tumor cells grew aggressively in the temporal 
muscle, whereas the structures of the skull and dura mater were seemingly preserved, except 
for moderate infiltration of tumor cells along vessels. Since there was no significant destruction 
of the skull and dura mater, the possibility of PCVL arising from the skull or dura mater was 
doubtful in this case. In addition, the border between intracerebral tumor and beneath white 
matter was relatively clear during surgery. Therefore, the PCVL in the present case was likely 
to have originated primarily from the subcutaneous tissue.

Changes of the skull structure are not only seen in PCVL originating from the skull but 
also from the other tissue structures. In a report of CT findings in 39 cases of PCVL, 74% of 
the cases showed osteolytic changes, and 5% showed osteoclastic changes, whereas only 
18% of the cases showed no bony changes [1]. In the literature, 11 of 13 cases whose PCVL 

Fig. 3. a–d H&E-stained preparations. a A consecutive block specimen between subcutaneous and intracerebral 
regions under low magnification. b Letters B, C, and D on Fig. a indicate the areas corresponding to the follow-
ing. c Tumor cells intermingling with muscle fibers in the subcutaneous region. d Subcutaneous tissue-skull 
junction. Subcutaneous tumor cells invaded into a canal of the emissary vein in the external plate of the skull. 
Demonstration of the dura mater between the skull and subdural tumor. e The dura mater is seemingly intact, 
except for infiltration of tumor cells around vessels. CD20-positive tumor cells surrounding a vessel in a Haversian 
canal in the diploe. Scale bar, 10 mm in A, 250 μm in B, 500 μm in C, D, 100 μm in E. H&E, hematoxylin-eosin.
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invaded the brain parenchyma were documented to show osteolytic changes in the skull [1–5, 
7–9]. PCVL in the present case showed rare invasive features without significant changes on 
imaging and histological findings in the skull, despite extending across the subcutaneous 
tissue to the brain parenchyma. Tashiro et al. [10] reported a case of PCVL extending across 
subcutaneous tissue and subdural space, despite no bony changes on CT, in which diffuse 
large B-cell lymphoma cells passed through the skull, invading along the emissary vein. 
Similarly, the PCVL cells in the present case probably originated in the subcutaneous tissue 
and passed through the skull, invading along veins in the diploe.

To the best of our knowledge, only 4 cases have been reported in the literature in which 
the PCVL was clearly described to occur at the vault corresponding to previous head trauma, 
such as the present case [2, 3, 5, 6]. All 4 cases had suffered a mild head injury without skull 
fracture, and 2 of them noticed subcutaneous masses 1 month after injury, as in the present 
case. Bony changes were identified in all cases, but the present case. Three of 5 cases including 
the present case had PCVL that invaded the brain parenchyma. In the reports described 
above, the authors referred to 2 theories as to the mechanism for occurrence of lymphoma 
after head trauma. One is the tumorigenesis of lymphoma cells induced by chronic inflam-
mation due to trauma [5, 6]. The other is the presence of circulating lymphoma cells in the 
blood, which circulate in the vasculature all over the body without any development of solid 
lymphoma [2, 3, 5, 6]. The former is a mechanism of tumorigenesis induced by chemical medi-
ators, leading to genetic instability, dysmorphic cell reactions, and immune evasion during 
inflammatory repair processes over a long period [13, 14]. The latter is a mechanism in which 
circulating lymphoma cells not eliminated immunologically are detained and proliferated in 
injured sites with impaired blood circulation and immunoresistance [15]. Considering that 
the PCVL in the present case developed a short time after trauma, the former is an unlikely 
mechanism in the present case. The latter mechanism of tumorigenesis of PCVL appeared to 
be applicable in the present case, if the PCVL in this case was caused by trauma.
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