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INTRODUCTION:  Large-cell  neuroendocrine  carcinoma  (LCNEC)  of  the prostate  is  a  rare  type  of  prostate
cancer.  Only  eighteen  case reports  have  been  published  in  the  literature  to date.  The present  case  report
is the  first  case  in the literature  to  describe  brain  metastasis  of LCNEC  of the prostate  with  neuroimaging,
gross,  and microscopic  evaluation  with  immunohistochemistry
CASE PRESENTATION:  A 79-year  old  male  with  a  history  of  high-grade  prostatic  adenocarcinoma  treated
with  androgen  deprivation  therapy  (ADT)  who  presented  after remission  with  a  severe  headache  and
limbs  weakness.  Neuroimaging  showed  large  right  frontal  lesion  that  caused  a  mass  effect.  Tumor  resec-
tion  was  done,  and  the  biopsy  showed  LCNEC  of  prostatic  origin.  The  patient  survived  for  40  days  after
the  diagnosis  and  tumor  removal.
DISCUSSION:  We  discuss  the  spectrum  of neuroendocrine  differentiation  in  prostate  carcinomas  and  the
possible  pathological  pathways  leading  to the development  of  LCNEC  of  the  prostate,  and  how  it affects
rain metastasis the  presentation  and  the  pattern  of  metastasis.
CONCLUSION:  This  case  report  describes  a  brain  metastasis  of  a rare  aggressive  type  of  prostate  cancer  with
poor  prognosis.  With  metastatic  lesions  of  prostatic  adenocarcinoma,  the probability  of  NE  transdifferen-
tiation  increases.  LCNEC  has a  poor  prognosis  attributed  to  its nature  and  late  diagnosis.  Thus,  reporting
and  investigating  such  tumor  will  positively  contribute  to better  management  for  future  patients

© 2020  The  Authors.  Published  by  Elsevier  Ltd  on  behalf  of  IJS Publishing  Group  Ltd.  This is  an  open
 artic
access

. Introduction

Large-cell neuroendocrine carcinoma (LCNEC) of the prostate is
n exceptionally rare type of prostate cancer. Only eighteen case
eports have been published in the literature to date [1–4]. LCNEC
f the prostate is very aggressive and associated with widespread
etastases [4,5]. The commonly reported sites of metastasis are

ymph nodes, lungs, bones, and visceral organs, especially the liver
4,5]. Brain metastasis of LCNEC of the prostate was only reported
n two cases published by Evans et al. but no neuroimaging, gross,
nd microscopic evaluation of the brain lesion was  published [4].
o date and in line with the SCARE criteria, the present case report

s the first case in the literature to describe brain metastasis of

CNEC of the prostate with neuroimaging, gross, and microscopic
valuation with immunohistochemistry [6].

∗ Corresponding author at: Ali Al Arini, Ar Rimayah, Riyadh 11481, Saudi Arabia.
E-mail addresses: Aljarba160@ksau-hs.edu.sa (S.I. Aljarba),

alshakweer@kfmc.med.sa (W.  Alshakweer).

ttps://doi.org/10.1016/j.ijscr.2020.02.017
210-2612/© 2020 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group
rg/licenses/by/4.0/).
le under  the CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).

2. Case presentation

A 79 years old male presented to the neurosurgery clinic com-
plaining of a headache and dizziness with upper and lower limb
weakness for the past 8 months and urinary incontinence for the
past 2 months. The patient was  a known case of hypertension
and diabetes with a history of prostatic adenocarcinoma with lung
metastasis. The prostate biopsy showed high-grade prostatic ade-
nocarcinoma with a Gleason score (4 + 5 = 9), and he was  treated
by androgen deprivation therapy (ADT) nine years ago. Two years
ago, a follow-up bone scan and computed tomography (CT) scan
of the chest, abdomen, and pelvis showed that the lung lesion
disappeared, and no other metastasis was  found. On physical exam-
ination, the patient was  alert and oriented to time, place, and person
with GCS 15/15, the pupils were equal and bilaterally reactive, and
the power was  4/5 in both upper and lower limbs. At the time of
admission, the total prostate-specific antigen (PSA) and free-PSA

levels were 12.3 ng/mL and 1.8 ng/mL, respectively.

Unenhanced CT scan of the brain revealed a large right frontal
lobulated peripherally hyper-attenuating mass with punctuating
foci of calcification and central hypodensity which was  surrounded
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ig. 1. A large right frontal lobulated peripherally hyper-attenuating mass with 

omponent. The mass measures 4.5 × 4 × 3.5 cm in AP, CC and transverse dimensio
ight  frontal horn with mild leftward midline shift by 5 mm.

y vasogenic edema, and it was causing a mass effect on the right
rontal horn with mild leftward midline shift (Fig. 1). Contrast-
nhanced CT scan of the chest, abdomen, and pelvis did not show
ny metastatic lesions. The lesion was removed by a modified pte-
ional and orbital osteotomy approach. The gross evaluation of the
umor revealed a grey-tan mass measuring 5.5 × 4.5 × 2 cm with

 lobulated outer surface and an attached strap of dura mater.
he serial sectioning of the mass showed areas of necrosis. The
istopathological examination with hematoxylin and eosin stain-

ng showed a monomorphic infiltrate of large cells with prominent
uclei and ill-defined cytoplasmic membrane, arranged in variable
ize nests with evident necrosis and a mitotic rate more than 4/10
igh-power fields (Fig. 2). Immunohistochemical study (IHC) of the
umor showed positive reaction with EMA, Cam 5.2, synaptophysin,
SA and AMACAR antibodies and the tumor cells were negative for
100, TTF-1, CK7, CK20 and CDX2 (Fig. 3). The histopathological
xamination and focal positivity for PSA, AMACR, and synapto-
hysin (NE marker) supported the diagnosis of LCNEC of prostatic
rigin.

Postoperative magnetic resonance imaging (MRI) showed no

efinite enhancing of a residual tumor with postoperative edema
nd hemorrhage. In the postoperative period, the patient had
eningitis and minor surgical site infection, and cerebrospinal fluid

CSF) analysis showed low glucose levels and high protein levels
ate foci of calcification and central hypodensity, probably representing necrotic
spectively. It was  surrounded by vasogenic edema and causing a mass effect on the

with a negative CSF culture. In the fourth day after the surgery, the
patient developed tachycardia, and an echocardiogram was  done
revealing severe aortic stenosis. Due to the patient age and co-
morbidities, no intervention was commenced, and the patient was
started on aspirin 81 mg  daily. In the fifth day after the surgery,
the patient developed a decreased level of consciousness with GCS
9/15, and a CT scan showed dilated ventricles. Due to a raised
intracranial pressure (ICP), an external ventricular drain (EVD) was
inserted. A follow-up CT scan showed normal ventricular size, and
ICP measurement was  normal. However, patient neurological sta-
tus did not improve. The patient was  referred to palliative care
due to his multiple co-morbidities, and the poor clinical status. The
patient passed away as a result of a cardiac arrest 43 days after the
surgery.

3. Discussion

The spectrum of neuroendocrine (NE) differentiation in prostate
carcinomas can be classified according to 2016 WHO  classification
depending on the pathophysiology and the molecular aspects of

the disease [5]. NE differentiation can be found as a focal differenti-
ation in the usual acinar or ductal adenocarcinoma of the prostate
which is identifiable by immunohistochemical staining [5]. Carci-
noid tumor of the prostate shows a well-differentiated NE tumor
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Fig. 2. Hematoxylin and eosin stain of the tumor with a low-power view (4×) shows irregular nests of epithelium with foci of necrosis (A) and a high-power view (40×)
showing  large cells with large nuclei and inclusion-like nucleoli (B).
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Fig. 3. Immunohistochemical staining shows a focal cytoplasmic positivity for 

ccurring in the prostate gland [5]. Small cell NE differentiation is
 high-grade tumor of the prostate which is defined by distinctive
uclear features such as the lack of prominent nucleoli, nuclear
olding, and crush artifacts [5]. LCNEC is a high-grade NE tumor
ith distinctive morphologic criteria of non–small cell carcinomas

onsisting of large nests with peripheral palisading, large cell size,
bundant cytoplasm, prominent nucleoli, vesicular clumpy chro-
atin, and frequent necrosis accompanied by a high mitotic rate

nd positive immunohistochemical staining with at least one NE
arker (synaptophysin, chromogranin, CD56) [5]. NE differentia-

ion in prostate carcinomas is very rare, representing 1%–5% of all
ases of prostate cancer [4]. LCNEC is exceptionally rare compared
o other NE tumors of the prostate, and it is limited to sporadic case
eports and case series [4,5]. The largest case series was presented
y Evans et al. where he discussed the pathological manifestations
nd the pattern of metastasis [4].

LCNEC can emerge from two possible pathological pathways.
irst, in patients treated with long-term ADT for conventional
denocarcinomas in a process known as transdifferentiation [7].
n vitro studies of the prostate cancer cell line LNCaP revealed a
eduction in androgen receptor expression in the cultures grown
ith the absence of androgens [7]. This mechanism is consis-

ent with what is observable in some clinical cases including our

ase, where there was a history of long-term ADT which posed a
election pressure on non-NE tumor cells from the conventional
denocarcinoma resulting in evolution and clonal proliferation
nd emergence of NE carcinomas with hormone-refractory sta-
tic specific antigen (A) and synaptophysin granular cytoplasmic positivity (B).

tus. Castrate-resistance was observed in our patient, as the serum
PSA raised and the brain metastasis appeared, despite treatment.
Interestingly, it has been proposed that nonmalignant NE cells of
the prostate under adrenogenic depurative environment can pro-
mote androgen-independent growth of non-NE tumor cells in a
paracrine fashion by secreting growth-promoting neuropeptides
[7]. Although the evidence for LCNEC transdifferentiation is still
obscure, the existence of mixed NE carcinoma-acinar adenocarci-
noma is one of the strongest evidence of transdifferentiation [4,5].
Another evidence is the presence of mixed features between the
LCNEC and conventional adenocarcinoma such as co-expression
of NE markers and PSA which indicate the presence of interme-
diate forms of tumor cells and would further support the process
of transdifferentiation [4]. Interestingly, our patient’s tumor IHC
showed focal positivity for PSA, AMACR, and synaptophysin that
showed mixed features between the LCNEC and conventional ade-
nocarcinoma. One of the most interesting results in animal models
that also supports the process of transdifferentiation is probasin-
large T antigen (Tag) transgenic mouse line that developed prostatic
adenocarcinoma with progressive NE differentiation with advanc-
ing age, and metastasis that showed histological features and IHC
of NE differentiation [8]. Second, LCNEC can arise de novo by
direct malignant transformation of NE cells of the prostate with

no prior history of ADT. This mechanism was observed in a few
case reports [1–4]. The relation between ADT and the progres-
sion of adenocarcinoma to NE carcinoma is still poorly understood,
and it needs further investigation. It is clear that the develop-
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ent of NE differentiation, small cell or LCNEC type, occur in a
inority of patients and the spectrum of factors that play a role

n the development of such an aggressive tumor is yet to be discov-
red.

Our patient presented with elevated levels of serum PSA. Well-
ifferentiated NE tumors (Carcinoid tumors) of the prostate do
ot express or secrete PSA [5]. However, it was observed that
CNEC expresses PSA variably ranging from complete negative
taining to focal positivity with variable levels of serum PSA [1,4,5].
his variability could be attributed to the presence of interme-
iate forms of cells with mixed features between the LCNEC
nd conventional adenocarcinoma, the effect of treatment, and
ost importantly, the vague definition and poor understanding of

CNEC.
The pattern of metastasis of LCNEC resembles the pattern seen

n conventional prostatic adenocarcinoma demonstrating a prefer-
nce for lymph nodes, lungs, bones, and liver [4]. Only two  cases of
rain metastasis from LCNEC have been reported in the literature
y Evans et al. case series [4]. Brain metastasis from NE tumors

s extremely rare. The incidence of brain metastasis in a patient
iagnosed with NE tumors is estimated to be 1.5–5% and brain
etastasis from NE tumors represent 1.3–1.4% of all patients with

rain metastasis [9]. However, the pattern of metastasis and likeli-
ood of metastasis in a patient with LCNEC of the prostate should
e further investigated. It is clear that the LCNEC of the prostate is

 rare disease, and metastasis to the brain is also a rare event. Our
atient presented with a headache and dizziness with upper and

ower limb weakness with urinary incontinence and neuroimaging
howed large right frontal mass. The brain mass was highly sus-
icious for metastasis and raised other possible diagnoses such as
igh-grade meningioma or glioma. Surgical removal of the tumor is
he method of choice for large and symptomatic single brain metas-
asis providing quick symptomatic relief [10]. Post-operatively the
atient had a tachycardia as a result of an unexpected severe aor-
ic stenosis which was diagnosed after the surgery. The patient did
ot tolerate the procedure very well, mainly due to his age and
o-morbidities. The patient developed a decreased level of con-
ciousness and dilated ventricles, and despite adequate treatment,
he patient neurological status did not improve. The patient was

ade a DNR and referred to palliative care. The patient survived
or 43 days after the surgery.

. Conclusion

Patients’ complaints such as weakness, headache, altered con-
ciousness, or focal deficits should be promptly investigated with
etailed neurological history, physical examination, and neu-
oimaging.

The late diagnosis, the age of the patient, and the co-morbidities
ad worsened the prognosis of LCNEC of the prostate. It is very clear
hat early detection and early treatment of metastatic LCNEC of the
rostate would dramatically improve outcomes as the metastasis
nd progression of NE transdifferentiation are associated with the
nvironment and age of the tumor.
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