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Rapid progression of
subcutaneous glioblastoma: A
case report and literature review
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Extra-neural spread of glioblastoma (GBM) is extremely rare. We report a case of
postoperative intracranial GBM spreading to the subcutaneous tissue via the
channel of craniotomy defect in a 73-year-old woman. Radiological images and
histopathology indicate that the tumor microenvironment of the subcutaneous
tumor is clearly different from the intracranial tumor. We also model the invasion of
GBM cells through the dura-skull defect in mouse. The retrospective analysis of
GBM with scalp metastases suggests that craniectomy is a direct cause of
subcutaneous metastasis in patients with GBM. Imaging examinations of other
sites for systemic screening is also recommended to look for metastases outside
the brain when GBM invades the scalp or metastasizes to it.
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Introduction

Glioblastoma (GBM) is the most common and lethal malignant intracranial tumor, with
a median survival of 14.6 months (1). Nonetheless, extra-neural metastases of GBM are
considered rare, with a reported incidence of about 0.4%-0.5% (2). Literatures reported that
the most frequent sites of extra-neural metastases include lungs, pleura, lymph nodes, liver,
and bone, but scalp involvement (directly spread/metastatic seeding) is extremely rare (3).

In this report, we present one patient with intracranial GBM spreading to subcutaneous
tissue via the channel of craniotomy defect. Subsequently, the histopathological
characteristics of extracranial tumors are compared with intracranial tumors based on
patient tissue samples and animal experiments. Furthermore, GBM with scalp involvement
are also reviewed in this article.
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Methods
Clinical information and samples of patient

All information was obtained from patient and clinical records.
Multi-region sampling of the tumor was performed during the
operation under written consent of the patient’s custodians. All
clinical information and samples of the patient were shown and
handled in accordance with local ethical and legal standards.

Animal model

Female C57BL/6 mice (13 to 15 months old) were purchased from
Vital River Experimental Animal Center (Beijing, China). Mice were
anesthetized and fixed in a stereotactic frame (RWD, Shenzhen, China).
The scalp was incised and a 1-mm-diameter hole was drilled through
the skull. Stereotactic technique was used to implant GL261 cells (5 x
10" cells/mouse) into the right brain (antero-posterior = 1.0 mm;
medio-lateral = 2.0 mm; depth = 2.5 mm). Mice were monitored
daily and euthanized at moribund state, or at day 21 post-injection. A
total of 14 mice were used for making the orthotopic glioma model. At
the animal experimental endpoint, extracranial tumor formation was
observed in nine mice. The whole brains and the extracranial tumor
were removed and fixed with 4% paraformaldehyde and embedded in
paraffin for subsequent analysis. The experimental protocol was
approved by the Animal Ethical and Welfare Committee of Zhejiang
Provincial People’s Hospital.

Quantitative immunohistochemistry

Immune complexes were detected with the SP Kit (Solarbio,
Beijing, China) and DAB Substrate Kit (Solarbio, Beijing, China).
Signals were detected using an Olympus BX41 microscope. Images
were magnified to x40 and analyzed using the IHC profiler as
previously described (4, 5). Quantification of IHC staining was
performed in a blinded fashion for all experiments.

Case report

A 73-year-old woman presented with 1 month history of
headache and dizziness. The patient presented here had no history
of psychiatric or head trauma, and reported no relevant family history
of cancer. Computed tomography (CT) scan revealed a space-
occupying lesion in the right temporal-occipital lobe, surrounded
by significant edema (Supplementary Figure 1A). A high-grade
glioma was suspected; then, she underwent lesion resection at a
local hospital. Postoperative magnetic resonance imaging (MRI)
showed complete resection of the lesion (day 3 after surgery)
(Supplementary Figure 1B). The histopathological analysis
confirmed the diagnosis of GBM. Tumor tissue showed pseudo-
palisading necrosis and microvascular proliferation (Supplementary
Figure 1C). Immunohistochemistry (IHC) revealed positive staining
for glial fibrillary acidic protein (GFAP), CD-34, S-100, and P53
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(40%), but negative for O-6-methylguanine-DNA methyltransferase
(MGMT) and isocitrate dehydrogenase (IDH). The patient refused
concurrent chemoradiation and other further treatments.

Two months after the initial surgery, the patient noticed a mass
under the right temporal scalp, and the mass had rapidly grown in size
within 1 month. Then, she presented to our hospital, 3 months after
original diagnosis. MRI showed tumor local recurrence and invasion to
subcutaneous tissue via the channel of craniotomy defect (Figure 1A).
The relative cerebral blood volume (rCBV) and relative cerebral blood
flow (rCBF) maps acquired from CT perfusion indicated that the blood
supply was significantly higher in the core region of the extracranial
tumor compared to the core region of the intracranial tumor
(Figure 1B). Figure 1C shows the corresponding apparent diffusion
coefficient (ADC) and fractional anisotropy (FA) maps of the tumor
area. The ADC/FA maps showed that the ADC value at the intracranial
tumor central portion was higher than that at the extracranial region,
and the FA value at the intracranial tumor central portion was lower
than that at the extracranial region. No abnormal findings were
observed during the chest CT scan and abdominal ultrasound
examination. Then, the patient underwent reoperation. The
extracranial mass is localized under the temporal scalp, and closely
attached to the temporalis (Figures 1D, E). Under the light microscope,
the intracranial tumor is roughly fish flesh-like, with a rich blood supply
(Figure 1F). Multi-region (n = 3) sampling was performed at the core
region of the intracranial and extracranial tumor, respectively.
Postoperative MRI showed a complete resection of the tumor (1
week after surgery) (Figure 1G). Supplementary Figure 2 showed the
timeline of therapy and disease status of the patient.

Pathological findings and
animal experiments

The histological analysis of both intracranial and extracranial
samples confirmed the diagnosis of relapse of GBM. Histopathologic
pictures after hematoxylin and eosin (HE) staining of different lesion
areas are shown in Figure 2A. The signs of pseudo-palisading necrosis
could not be seen in the extracranial tumor but are abundant in the
intracranial tumor core by HE staining. GFAP-positive cells were rare
in the subcutaneous tumor, suggesting that the tumor cellular
composition is changed when GBM invades the scalp. Therefore,
we further explored spatial heterogeneity in the tumor
microenvironment (TME) between them. In addition, IHC results
indicated that the expression of hypoxia-inducible factor-1o. (HIF-
10.), VEGFA, and EGFR in the extracranial tumor are also
significantly lower (p < 0.001) than in the intracranial tumor
(Figure 2B). In this study, we found that both MMP2 and MMP9
expressions are significantly higher (p < 0.001) in the intracranial
tumor (Figure 2B). IHC-assessed Ki67 positivity was significantly
higher in the extracranial tumor than in the intracranial tumor (67.93
+3.99% vs. 32.87 + 5.68%). Collectively, these results indicate that the
TME is significantly altered in the extracranial tumor, and tumor cells
may have more robust growth under the scalp, most likely due to the
rich blood supply existing in that area.

In order to further assess the difference in tumor microenvironment
between intracranial and extracranial tumors, further studies utilizing
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FIGURE 1

The serial perioperative imaging and tumor characteristics at second surgery. (A) The preoperative magnetic resonance imaging. White arrows indicate
that the extracranial tumor is directly connected to the intracranial tumor via the channel of craniotomy defect. (B) The relative cerebral blood flow/
volume maps based on CT perfusion images. White arrows indicate that the blood supply was significantly higher in the core region of extracranial
tumor compared to the core region of intracranial tumor. (C) Corresponding apparent diffusion coefficient (ADC) and fractional anisotropy (FA) maps of
the patient. (D) The scalp lesion before resection. (E) Representative image of the subcutaneous tumor. The white arrow indicates the core region of
extracranial tumor. (F) Intraoperative picture under a surgical microscope. The white arrow indicates the core region of the intracranial tumor. (G) The

postoperative magnetic resonance imaging (1 week after surgery).

animal models with glioma were performed (Figure 3A). HE staining
showed that the histological characteristics were indistinguishable
between the intracranial tumor and the extracranial tumor (Figure 3B).
In addition, we also explored the expression of the indicated proteins in
different regions. The immunohistochemical results indicated that the
extracranial tumor that invades the scalp has a similar TME to the
intracranial tumor in the mouse model (Figures 3C, D). Nonetheless,
they suggest that glioma cells could also spread to subcutaneous space via
the channel of craniotomy defect in the mouse model.

Discussion

Although GBM is the most aggressive nervous system cancer, it
extremely rarely invades the subcutaneous tissue. Only seven cases of
intracranial GBM that spread to the scalp through surgical sites were
reported in literatures (6-11). Moreover, there is another scalp
metastasis that is not directly connected with the intracranial
tumor. As such, scalp metastasis is usually located close to the
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surgical incision site, and this suggested that direct tumor seeding is
a possible mechanism (12). To our knowledge, less than 20 cases of
scalp metastases from GBM cells seeding were described (3, 13-25).
We summarize GBM patients with scalp involvement to further
explore the characteristics of scalp metastasis (Table 1).

In this cohort of 24 GBM patients with scalp involvement, the
median time from diagnosis of GBM to the discovery of scalp metastasis
is 9 months (Table 1). Unfortunately, this patient noticed the
subcutaneous mass only 2 months after the initial surgery, and the
mass had rapidly grown over 5 cm within 1 month (Figures 1D, E). One
possible reason is that the patient declined further treatments after the
first surgery. On the other hand, the extracranial tumor was tightly
adhered to the temporalis, which may allow it to get dual blood supply
from extracranial temporalis and the intracranial tumor. This was also
confirmed in imaging and immunohistochemical analysis of the patient.
CT perfusion indicated that the blood supply was lower in the core
region of the intracranial tumor compared to the core region of the
extracranial tumor (Figure 1B). The FA and ADC are the main
parameters of diffusion tensor imaging, in which FA is the proportion
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FIGURE 2
Immunohistochemistry analysis of the extracranial tumor and intracranial tumor. (A) Representative immunohistochemical images of extracranial tumor
and intracranial tumor in patient. (B) Quantification of the immunohistochemical stains. Scale bar = 200 pm. ***p < 0.001.

of FA of free water molecules in the total diffusion tensor and can reflect
the diffusion limitation, and ADC can reflect the diffusion activity of
water molecules (26, 27). Overall, higher values of ADC in tumor
patients represent an impairment because of uncontrolled/less restricted
diffusion, similar to low FA values (28). In this study, we also found
extracranial tumor areas that have low ADC showing larger FA values
than intracranial tumor areas (Figure 1C). Although ADC/FA values
could be affected by various factors, we showed the ADC/FA maps of
this patient to better reflect the radiographic features of intracranial and
extracranial tumors.

However, similar results were not obtained from animal
experiments. This might be explained by the following reasons.
First, there are no muscle or other blood-rich tissues under the
parietal scalp in mice. We observed no obvious adhesions between
the extracranial tumor and surrounding tissues. The blood supply of
the extracranial tumor originated from the intracranial tissue through
the drilled channel. The necrotic areas were identified in both
intracranial and extracranial tumors. However, the signs of necrosis
could be seen in the intracranial tumor core but not in the extracranial
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tumor based on the patient HE staining. Second, the extracranial
tumor of mice was developed from the intracranial tumor within a
few days. A possible reason for this is that there were no
indistinguishable histological characteristics between intracranial
and extracranial tumors. However, in this patient, there is enough
time to change for the TME of the extracranial tumor. In short, mice
were not able to model the TME heterogeneity of patients;
nonetheless, they suggest that glioma cells could also rapidly spread
to subcutaneous space via the channel of craniotomy defect in the
mouse model. Actually, it is one of the main limitations of this work.
The THC results of this patient are consistent with CT perfusion
findings, which reflect that the blood supply of the extracranial tumor is
significantly more enriched than the intracranial tumor. Previous
research fully affirmed that MMP2 and MMP9 play important roles
in the infiltrative growth of gliomas (29). In this study, we found that
both MMP2 and MMP?9 expressions are significantly higher (p < 0.001)
in the intracranial tumor. This might be due to the fact that the hypoxic
microenvironment of the intracranial tumor causes glioma cells to
secrete more MMP2/9 and thus acquire stronger invasion ability.
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Construction of the mouse model and immunohistochemistry analysis. (A) The flowchart shows the process of creating the glioma mouse model.
(B) Hematoxylin and eosin stains of extracranial tumor and intracranial tumor in mouse. Black scaler bar = 1 mm, white scale bar = 100 um. (C, D)
Immunohistochemistry analysis of the extracranial tumor and intracranial tumor in mouse. Scale bar = 100 um. NS, not significant.

GBMs with extra-neural metastases have a poor prognosis; the
median overall survival from diagnosis of metastasis was about 6
months (30). The female patient whom we reported further declined
any subsequent treatments after the second surgery and died of
disease progression 5 months later. We analyzed the survival time
of GBM patients with scalp involvement, and the median survival
time from scalp metastasis to death was only 4 months (Table 1). This
may be due to the fact that some patients did not receive standard
treatments or had other multiple-site metastases in addition to
scalp metastasis.

Out of 24 patients reviewed, there are 8 patients present with
other multiple-site metastases, such as lungs, liver, and lymph nodes
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(Table 1). The number may actually be higher, since imaging
examinations in areas of the body other than the head were not
performed in some patients. More distant metastases may result from
the invasion of lymphatics and blood vessels by dura or scalp
extension through the surgical defect (12). Some scholars think that
positron emission tomography (PET)-CT is a systemic examination
and could be used to detect the presence of systemic metastases (14).
Some surgical strategies are believed to prevent extracranial
metastases resulting from intraoperative seeding, including
immediate postoperative prophylactic craniospinal irradiation,
cranial defect restoration, and changing instruments between
intradural and extradural segments of the operation (8).
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TABLE 1 Review from the literatures of 24 reported GBM with scalp metastases.

No.  Author and Age Primary MGMT IDH-1/2 Adjuvant Interval time 1 Scalp Connected with Other sites of Interval time 2
year (years)/ location methylation = mutation therapy (months) metastases intracranial tumor? metastasis (months)
sex localization

1 Xing-Zhao Luan, 47/M R - - Chemo/ 7 R parietal No Bone, liver, and lung 5

2021 (13) temporoparietal radiation
occipital

2 Clara El Nakib, 53/M R internal NS - Chemoradiation 11 The front of the No NS 4

2022 (3) capsule/ R ear
thalamus

3 Jing Liu, 2020 46/M L temporal - - Chemo/ 6 L frontal and No Lungs, pleural area, 14
(14) radiation temporal lymph nodes, et al.

4 T. Capion, 2019 55/M R parieto- - - Chemo/ 6 R temporal and Yes Lung and lymph 2
(6) occipital radiation parietal nodes

5 Dorte Schou 62/M L parietal - + Chemo/ 5 L occipital No NS 10
Noroxe, 2019 (15) radiation

6 Natalia Frade 72/M R temporal NS - Chemo/ 5 R temporal No Temporal muscle, NS
Porto, 2019 (16) radiation lymph nodes

7 Jordi Pérez-Bovet, 63/F R frontoparietal + NS Chemo/ 6 R temporal, L Yes NS 4
2018 (7) radiation parietal

8 Bella Nguyen, 62/M L frontal NS - Chemo/ 9 Parietal No NS 5
2018 (17) radiation

9 Tiara M. Forsyth, 59/F L - - Chemo/ 6 Frontal Yes NS 3.5
2015 (8) frontotemporal radiation

10 Anghileri Elena, 30/M L parietal - - Chemo/ 72 Parietal Yes Neck, lung 7
2016 (9) radiation

11 Anghileri Elena, 43/M L frontal - NS Chemo/ 23 Parietal Yes NS 2
2016 (9) radiation

12 Daniel T. Ginata, 62/M L frontal + NS Chemo/ 10 L frontal NS NS 4
2013 (12) radiation

13 Ignacio Jusue 63/F R frontal NS NS Chemo/ 6 L frontal Yes NS NS
Torres, 2011 (10) radiation

14 Rebecca Senetta, 48/F R frontoparietal =~ NS NS Chemo/ 14 Parietal No NS 3
2009 (18) radiation

15 Rebecca Senetta, 53/F L frontal NS NS Chemo/ 9 L parietal No NS 6
2009 (18) radiation

16 Mark 58/F L frontal NS NS Chemo/ 16 L frontal No NS NS
Mentrikoski, 2008 radiation
(19)

(Continued)
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TABLE 1 Continued

No.  Author and Age Primary MGMT IDH-1/2 Adjuvant Interval time 1 Scalp Connected with Other sites of Interval time 2
year (years)/ location methylation = mutation therapy (months) metastases intracranial tumor? metastasis (months)
sex localization

17 Ali G. Saad, 2007 13/M L frontal NS NS Chemo/ 6 L temporalis Yes Liver, lung 4
(11) radiation

18 Stacey Schultz, 74/F L temporal NS NS Radiation 12 L parietal No NS 1
2005 (20)

19 R. S. Allan, 2004 60/M L frontal NS NS Radiation 12 L frontal No NS 2
(1)

20 N. Jain, 2005 (22) 49/M R NS NS Radiation 10 R No NS 2

temporoparietal temporoparietal

21 Patricio Figueroa, 34/M L thalamus NS NS Radiation 7 Frontal No NS 4
2002 (23)

22 Stephen C. 19/M L parietal NS NS Radiation 10 Occipital No Supraclavicular node 7
Houston, 2000 mediastinum
(24)

23 Stephen C. 32/M L temporal NS NS Chemo/ 6 L frontal No Lung, liver 7
Houston, 2000 radiation
(29)

24 Paulo A. 26/F R temporal NS NS Radiation NS R temporal No NS NS
Carvalho, 1991
(25)

MGMT, the O-6-methylguanine-DNA methyltransferase; IDH, isocitrate dehydrogenase; Interval time 1, time from diagnosis of GBM to the discovery of scalp metastasis; Interval time 2, survival after diagnosis of scalp metastasis in months; R, right; L, left; M, male; F, female;
NS, not stated or not known.
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Conclusion

This is the first study to contrast the TME of an intracranial
tumor and a scalp metastatic tumor. Craniectomy is a direct cause of
subcutaneous metastasis in patients with GBM. Appropriate
protective strategies are recommended during surgery to reduce the
risk of extracranial metastasis. Moreover, imaging examinations of
other sites for systemic screening are also recommended to look for
metastases outside the brain when GBM invades the scalp or
metastasizes to it.
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