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BACKGROUND:  Neuroendocrine  tumors  (NET)  are  rare tumors  with  a low  incidence  of brain  metastasis,
especially  in  grade  1 NET.  The  most  common  source  of  brain  metastasis  is the  lung. We  present  an  unusual
case  of NET  grade  1 with  multiple  hemorrhagic  brain  metastases.
CASE  DESCRIPTION:  A  46-year-old  woman,  who  initially  presented  with  a  seizure,  was  diagnosed  with
multiple  brain  and  lung  lesions.  She  was  offered  a biopsy  for diagnosis,  but  she  refused  and  lost  to  follow
up. Eighteen  years  later,  she  developed  progressive  quadriparesis  and  confusion.  A  biopsy  of the left
frontal  lobe  lesions  showed  NET grade  1. A  lung  biopsy  of the  left  upper  lobe  was  consistent  with  the  same
diagnosis.  The  patient’s  functional  status  was  poor  with  Eastern  Cooperative  Oncology  Group  (ECOG)
grade  4.  She  only  received  palliative  whole-brain  radiation  therapy  (WBRT)  and  died  3  months  after
discharge.
CLINICAL  DISCUSSION:  NET  is  a spectrum  that  encompasses  benign  to malignant  cells.  There is a female
predominance  in  lower  grades  and  male  predominance  in  higher  grades.  No  effective  management  for
brain  metastases  was  described,  and  the  prognosis  remains  poor.
CONCLUSION:  Multiple  brain  metastases  can  be  the  first  presentation  of patients  with  NET.  Early  diagnosis

and treatment  may  have  a more  favorable  impact  on  the outcome  of  this  disease.  The  longstanding  numer-
ous  hemorrhagic  NET  brain  metastases  is  exceedingly  rare.  The  neuroimaging  appearance  is similar  to
other neoplastic  and  non-neoplastic  lesions.  An  important  differential  diagnosis  to  consider  is  metastatic
melanoma  and  choriocarcinoma,  familial  cavernous  malformation,  diffuse  axonal  injury,  cerebral  vas-
culitis, and  amyloid  angiopathy.

©  2021  Published  by  Elsevier  Ltd  on behalf  of  IJS  Publishing  Group  Ltd.  This  is  an  open  access  article
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1. Introduction

NET originate from enterochromaffin cells, which are dispersed
in most of the body’s organs [1]. The incidence based on the National
Centre Institute’s surveillance, epidemiology, and end result pro-
gram was 6.5% in African-Americans and 4.66% in Caucasians [2].

Similar to any tumor type, NET can be classified based on their
histopathological appearance and proliferation rate (Ki-67 index)
[3]. Brain metastasis from NET is extremely rare, with an incidence

Abbreviations: NET, neuroendocrine tumors; ECOG, Eastern cooperative oncol-
ogy  group; WBRT, whole-brain radiation therapy; CT, computed tomography; MRI,
magnetic resonance imaging; TTF-1, thyroid transcription factor-1; GFAP, glial
fibrillary acidic protein; MANEC, mixed adenoneuroendocrine carcinoma; SWI, sus-
ceptibility weighted imaging.

∗ Corresponding author at: Division of Neurosurgery, Department of Neuro-
sciences, King Faisal Specialist Hospital and Research Center, Riyadh, 11211, Saudi
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f < 5% [3]. Management can include steroids to alleviate symptoms
f mass effect, WBRT, chemotherapy, such as alkylating agents, and
urgical resection of large lesions. We  report a case of NET grade 1
ith multiple hemorrhagic metastases to the brain and multiple

rgans in a 46-year-old woman. This case is reported in line with
he SCARE 2020 criteria [4].

. Case report

The patient is a 46-year-old woman  who had generalized tonic-
lonic seizures that started in 1999. She was  found to have multiple
rain lesions in an outside hospital. Biopsy was not performed, and

 provisional diagnosis of neurocysticercosis was  made. She was
mpirically started on albendazole. Her seizures were controlled
ith carbamazepine (controlled release 800 mg twice a day) and
opiramate (200 mg  twice a day). In 2012, the patient was  referred
o our clinic due to simple partial seizures in the form of a left
emi-body clonic episode that lasted for 2 minutes. Computed
omography (CT) of the brain, chest, abdomen, and pelvis, followed
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Fig. 1. CT axial scan of the brain showing multiple mixed hyper- and hypodensity mass lesions within the supratentorial and infratentorial compartments, in addition to the
left  eye globe (Fig. 1A). Axial MRI  T1 with gadolinium contrast reveals multiple enhancing lesions of supra- and infratentorial compartments, and the left eye globe (Fig. 1B–D).
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Sagittal MRI  T1 with gadolinium demonstrates multiple midline lesions and a large 

multiple  hyperintense lesions with a hypointense rim (Fig. 1F). GRE view of the suprat
hemorrhages (Fig. 1G).

by magnetic resonance imaging (MRI) of the brain showed mul-
tiple brain and lung lesions. The patient was offered a biopsy of
one of the brain lesions. She refused the biopsy and was discharged
against medical advice.

The patient did not follow up after discharge. In 2018, she
developed progressive bilateral upper and lower limbs weakness
of one-month duration. She had difficulty performing activities of
daily living. Her vision in the left eye rapidly deteriorated, and
she became confused and bedbound. She was admitted through
the emergency department under the neurosurgery service. The
patient was disoriented to time, place, and person, and she was
dysarthric. Fundus exam revealed left retinal detachment. The mus-
cle strength in the extremities was 0/5 on the left and 2/5 on the
right.

Brain CT followed by MRI  (Fig. 1) showed multiple intra-
axial supratentorial and infratentorial lesions. The lesions were of
variable sizes with the small lesions showing a miliary pattern.
Extra-axial lesions involved the sellar-suprasellar region and the
left eye. The lesions were hemorrhagic, appearing as blooming arti-
facts on gradient echo MRI  sequence, and resembling metastatic
melanoma, metastatic choriocarcinoma, familial cavernous mal-
formations, or amyloid angiopathy. Fluorodeoxyglucose-positron
emission tomography CT showed bilateral lung, bilateral mediasti-
nal lymph nodes, liver, and adrenal glands metastases. Craniotomy
and biopsy of 3 brain lesions were done.

The histopathology diagnosis was neuroendocrine tumor grade
1 based on synaptophysin, cytokeratin-7, thyroid transcription
factor-1 (TTF-1), glial fibrillary acidic protein (GFAP), and Ki-67 (<
3%) special stains (Figs. 2 and 3). CT guided biopsy of the left upper
lobe of the lung was consistent with the same diagnosis of a low-

grade NET and implied the lung as the likely site of the primary
tumor.

Endocrinology consultation was obtained. The hormonal profile
was normal, and the tumor was non-functional. Medical oncology
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suprasellar lesion (Fig. 1E). Axial T2 MRI  of the supratentorial compartment shows
ial compartment demonstrates many blooming artifacts representing intra-tumoral

id not recommend chemotherapy management because of the
dvanced disease and the poor functional status (ECOG 4) of the
atient. Radiation oncology recommended palliative WBRT with
0 grays in 10 fractions. The radiation was completed while the
atient was still in the hospital, then she was  discharged without
ny improvement in her condition. The patient died three months
fter discharge due to disease progression.

. Discussion

NET was first labeled as a carcinoid tumor in 1907, with a
elative benign course and location in the pancreas [5]. It was
ound that NET exhibits variable metastatic features and should
e considered malignant. NET was  further divided into 5 types
y the WHO  in 2010: grade 1 NET (Ki-67 < 3%), grade 2 NET (Ki-
7 3–20%), grade 3 neuroendocrine carcinoma (NEC, Ki-67 > 20%),
ixed adenoneuroendocrine carcinoma (MANEC), and hyperplas-

ic/neoplastic lesions [6]. A recent study found that the average
ge of patients who  develop NET is 54 years (22–78), and these
atients are predominantly male (56.3%) [7]. The most common
rimary site is the gastrointestinal (GI) tract, with the pancreas as
he most common organ (25.2%); the liver was the most common
nitial metastatic site (74.6%) [7]. Grade 1 NET is the most common
rade (33%), and grading is found to be the only statistically sig-
ificant prognostic factor in general (P-value = 0.001) [7]. Almost
4.1% of NET are non-functional with normal hormonal profiles [3].
he median overall survival (OS) was 29.0 months (95% confidence

nterval, 25.0–33.0) in general [7].
The average age to develop NET-associated brain metastasis

s 58 years (27–86), with male-to-female ratios varying between

tudies [3,8].Male patients with brain metastasis were found to
ave NEC (58.1%), while females had NET (70.6%) [3]. The most com-
on  primary site for brain metastasis is the lung (35.3% of NET and

4.8% of NEC brain metastasis) [3]. Other studies showed 45%–71%
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Fig. 2. Hematoxylin and eosin stain of 20× magnification showing nesting pattern of mostly uniform cells (Fig. 2A). Pseudopapillary pattern (Fig. 2B) and adjacent brain with
old  hemorrhage areas and hemosiderin-laden macrophages (Fig. 2C). 20× magnification showing cytokeratin-7 (Fig. 2D), synaptophysin (Fig. 2E), and TTF-1 immunostains
(Fig. 2F).
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Fig. 3. 20× magnification showing positive GFAP in adjacent brain tissue and neg
(Fig. 3B).

of lung-related NET brain metastasis [6]. Grade 1 NET brain metas-
tasis is extremely rare, with only 5.9% of patients, compared to
grade 2 NET (27.5%) and NEC (60.8%) [3]. There is an almost equal
distribution among patients with the number of metastatic tumors
to the brain (1–2 lesions were 43.1% in frequency; ≥ 3 lesions were
41.2% in frequency) [3]. Our patient had unique countless hem-
orrhagic brain metastases of grade 1 NET, in addition to multiple
organ metastases. The incidence of metastasis to lymph nodes was
54.9% of patients in one study, liver 60.8%, and adrenal glands 9.8%
[3]. The most likely primary site in our case is the lung. The period
to develop brain metastasis after diagnosing patients with NET is
12.8 months in one study, and 18 months in another [8,9].

Prognostic factors for NET-associated brain metastasis are
different from tumor metastasis to other organ systems. NET Uni-
variate analysis for prognostic factors in one study showed poor
prognosis in male patients (HR 2.7; 95% CI 1.2–5.9; P-value = 0.013),
higher tumor grade NEC (HR 2.7; 95% CI 1.2–6.2; P-value = 0.022),
and age ≥ 60 years (HR 2.1; 95% CI 1.0–4.3; P-value = 0.041) [3].
Overall survival in patients with brain metastasis and Ki-67 < 5%,
5%–20%, 21%–55%, > 55% was 15, 13, 9, and 7 months, respectively
[3]. The survival of our patient exceeds 215 months.
The CT and MRI  imaging appearance of the NET multiple cere-
bral hemorrhagic metastases may  mimic  other metastatic tumors,
such as melanoma and choriocarcinoma. It is usually difficult to dif-
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in tumor cells (Fig. 3A). Ki-67 proliferation index stain showing <3% proliferation

erentiate between these lesions based only on neuroimaging, so a
issue diagnosis is frequently needed. The blooming artifact of the
usceptibility weighted imaging (SWI) that reflects the presence
f paramagnetic elements like deoxyhemoglobin and hemosiderin
r diamagnetic elements like calcification will add more diseases
o the differential diagnosis in our case. The multiple hemorrhagic

etastases, cavernomas, amyloid angiopathy, cerebral vasculitis,
iffuse axonal injuries, and calcified neurocysticercosis all show
imilar SWI  pictures. To narrow the radiologic differential diag-
osis, we should consider the clinical background, other images’
odalities, and contrast enhancement. Phase-filtered imaging and

T scans can differentiate between hemorrhagic and calcified
esions. Contrast enhancement can be observed in the metastatic
umors, cerebral vasculitis, and some cases of neurocysticercosis.
he lesions that usually do not show contrast enhancement are
avernomas, amyloid angiopathy, and diffuse axonal injuries.

Cerebral cavernous malformation, especially the familial type,
an present with multiple hemorrhagic lesions. They appear as
looming artifacts with GRE or SWI, similar to NET [10]. Multiple
horiocarcinoma metastases to the brain can be present with hem-
rrhagic lesions; MRI  T1 with contrast may  show enhancements
n addition to blooming artifacts on GRE and SWI  [11]. Metastatic
elanoma is another differential diagnosis that can appear as

yperintense lesions with and without gadolinium administration



 –  O

R

G

P

R

[

[

[

[

[

CASE  REPORT
T. Elarjani, O.B. Alamer, M.  Dababo et al. 

on T1 MRI. Similarly, the presence of melanin and blood within the
tumor can translate into blooming artifacts on GRE [12]. Diffuse
axonal injury can be considered among the differential diagnoses,
with small hemorrhagic foci on GRE [13]. Amyloid angiopathy can
present with a multitude of hemorrhagic foci that looks similar to
NET on GRE and SWI  [14]. Neurocysticercosis, especially in its last
stage, presents with intra-lesion calcifications and can imitate NET
on GRE and SWI  sequences [15].

Currently, no guideline consensus has been developed to man-
age NET-associated brain metastasis. Management options include
surgical resection, WBRT, radiosurgery, or chemotherapy. None
of the management options have proven effective in the overall
survival of patients with brain metastasis [3]. Surgical resection
followed by WBRT has been advocated by some authors [9,16].

4. Conclusion

NET brain metastases are rare tumors, especially in grade 1 type.
When the number of metastases is extreme and hemorrhagic, and
being associated with prolonged survival, the condition is consid-
ered extremely rare. A patient who initially presents with multiple
cerebral hemorrhagic lesions without a known primary brings into
play a neuroimaging dilemma of a group of disorders such as
metastatic melanoma, metastatic choriocarcinoma, cavernous mal-
formation, and amyloid angiopathy. Metastatic NET will be added
to the differential diagnosis.

Metastatic NET carries a dismal prognosis with no effective man-
agement plan. Early screening and management of brain metastasis
in newly diagnosed patients with NET may  improve overall sur-
vival.
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