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ABSTRACT

Prostate cancer is the leading cause of malignancy in males, and the vast majority of cases consist 
of androgen-sensitive acinar adenocarcinoma. Multiple relatively rare subtypes of prostate 
malignancy have been described, including a neuroendocrine prostate cancer, which can arise in 
response to androgen-deprivation treatment in the setting of existing prostatic adenocarcinoma. 
Neuroendocrine prostate cancer is an uncommon subtype of prostatic cancer with a highly 
aggressive course and lack of distinguishing features on conventional imaging. We present a case 
of prostatic cancer which developed into neuroendocrine prostate cancer with atypical metastatic 
imaging appearance and describe characteristics that may suggest a histopathologic change from 
the original malignancy. 

A 65-year-old male presented with weakness and acute 
kidney injury, found to have obstructive hydroureteronephrosis 
from a prostate mass and elevated prostate specific antigen 
(PSA) of 689 ng/mL (normal <4). He was diagnosed with 
prostate cancer, and initial iliac bone biopsy yielded metastatic 
prostate adenocarcinoma, positive for prostate-specific p501s 
marker. The patient began androgen deprivation therapy within 
two weeks. Initial staging workup revealed multiple sclerotic 
bone lesions (Figure 1). 

Follow up imaging performed less than six months after 
diagnosis revealed new large lesions centered in the right third 
rib and the left twelfth rib (Figure 2), which were lytic with 
extensive surrounding soft tissue components. PSA at that time 
was 5 ng/mL. Repeat biopsy performed within a week reported 
large cell neuroendocrine carcinoma prostate with large necrotic 
portions, negative for p501s and prostate specific membrane 
antigen (PSMA), and with a high mitotic index with Ki-67 of 
90%; unfortunately, the pathologic slides were not available to 
include with the present case report. 

Subsequent imaging performed one month later for other 
clinical indications (evaluation for pulmonary embolism and 
nephrostomy tube placement) showed significant progression 
of the atypical bony metastatic lesions, in addition to numerous 
liver metastases (Figure 3), with PSA remaining at 5 ng/mL. 

DISCUSSION

Etiology and demographics
Prostate cancer is the most common extra-cutaneous 

malignancy in males [1]. More than ninety percent of prostate 
malignancy are of the acinar adenocarcinoma subtype, which 
are androgen-driven tumors and often treated with androgen 
deprivation therapy [2-4]. However, multiple uncommon 
histologic variants exist [3], including neuroendocrine prostate 
cancer (NEPC), which makes up 0.5-2% [5-7] of prostate cancer 
cases. NEPC is the most lethal prostate malignancy subtype, 
with median survival of 9.8-13.1 months [8-9], 5-year overall 
survival of 12.6% [10], and distant metastases present at time of 
diagnosis in approximately half of patients [8-9] 

NEPC can rarely originate from de novo mutations [5], but 
it more commonly arises in the course of evolving treatment 
resistance to androgen deprivation therapy; this setting is also 
termed castration-resistant prostate cancer (CRPC) [4,5]. As 
such, the typical androgen receptor signaling pathway is lost 
or dysregulated, and the classical correlation with prostate 
specific antigen (PSA) levels is often absent during progression 
of NEPC. In the case presented, PSA was substantially reduced 
following initiation of androgen deprivation therapy and 
remained low throughout the follow up period, despite the 
significant progression of NEPC. 
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Clinical and imaging findings
Imaging of NEPC, as with other prostate cancer subtypes, 

typically begins with ultrasound or MRI, and CT or PET-CT is 
more commonly used for staging purposes. There are no reliable 
distinct imaging features for NEPC compared to the more 
common prostate adenocarcinoma when utilizing conventional 
imaging, although additional PET imaging have been proposed 
to be beneficial; Gallium-68 with somatostatin analog (such as 
Ga-DOTATATE), often used in other neuroendocrine tumor 
imaging, has been shown to have high sensitivity and specificity 
for neuroendocrine type malignancies of the prostate [5,11]. 
Because NEPC often arises in the setting of CRPC with loss 
of the typical prostate biochemical signaling pathways, certain 
“prostate specific” imaging techniques such as PET with PSMA, 
may provide false negatives in these cases. 

In this case, all initial findings were consistent with typical 
adenocarcinoma, including pathology with p501s marker, 
elevated PSA, and the typical sclerotic osseous metastases. 
However, the first follow up imaging had a notable change in the 
metastatic morphology; in addition to progression of the usual 
osseous metastases, there were two new lesions which were 
atypical in that they had predominantly lytic bony appearance 
and a large soft tissue extra-osseous component. These unusual 
findings prompted a second biopsy of the thoracic spine, which 
showed morphologic and immunophenotypical differences 
after pathologic review, including loss of the PSMA and p501s 
expression and a high mitotic index. The highly aggressive 
nature of this NEPC subtype was confirmed with significant 
enlargement of the atypical chest wall mass and numerous new 
hepatic metastases within the span of one month, which would 
also be highly atypical for prostate adenocarcinoma.

Treatment and prognosis
Treatment for NEPC currently employs chemotherapy 

regimens that have been studied for small cell lung cancer, 
which has similar neuroendocrine cell phenotype, typically 
with platinum-based therapies [12]. Combination with immune 
checkpoint inhibitors and novel biomarker targets are under 
investigation [13]. However, survival remains poor, with less 
than 50% response rate in typical platinum-based combination 
chemotherapy and less than 20% overall five-year survival [10, 
12, 14].

DIFFERENTIAL DIAGNOSIS

Progression of prostate adenocarcinoma
In patients with known prostate adenocarcinoma, findings of 

metastatic disease are often presumed to represent progression 
of the original malignancy type. Supportive findings include 
increasing PSA levels and typical prostate adenocarcinoma 
metastatic pattern, including pelvic lymphadenopathy which 
sometimes presents as obstructive uropathy, potentially direct 
invasion of the bladder or rectal wall, and diffuse sclerotic 
osseous lesions. However, these features are not universal and 
ultimately pathologic correlation may be required to distinguish 
unusual findings of prostate adenocarcinoma spread. 

Coexisting non-prostate malignancy
Aggressive metastatic lesions that appear after prostate 

cancer treatment initiation can also be seen in coexisting 
malignancies of a distinct origin. One notable example is 
lymphoma, with case reports of rapid progression following 
androgen deprivation therapy for prostate cancer, possibly 
from an enhanced estrogen mechanism [15]. The clinical and 
imaging appearance of non-prostate malignancies is highly 
variable. Conceptually, a co-existing non-prostate malignancy 
is a similar clinical scenario to NEPC, in which there has been 
differentiation from the original prostate adenocarcinoma into a 
pathologically distinct entity, and therefore biopsy confirmation 
is often required.  

CONCLUSION
NEPC is a highly aggressive prostate malignancy with poor 

prognosis, which most often arises as a response to treatment 
resistance from prostate adenocarcinoma. Any imaging 
performed on patients with known or suspected prostate cancer 
should be scrutinized for abnormalities. Findings that do not fit 
the typical appearance for prostate adenocarcinoma spread (e.g. 
pelvic lymphadenopathy, bladder invasion, osseous sclerotic 
lesions) should be noted and closely followed to exclude atypical 
progression of disease. In such cases, clinical correlation with 
PSA and even prostate-targeting nuclear medicine scans such 
as PSMA-PET/CT may provide false negative information, and 
re-biopsy may be warranted. Future investigation for potential 
specific imaging findings and the utility of other imaging 
modalities, such as Ga-DOTATATE nuclear medicine imaging, 
may provide additional methods of detecting and monitoring 
this uncommon and highly aggressive malignancy.

TEACHING POINT
Neuroendocrine prostate cancer is an uncommon, aggressive 

prostate cancer subtype often arising after androgen deprivation 
therapy for prostate adenocarcinoma. Suspicious findings 
include aggressive metastatic progression with atypical features, 
such as lytic bone lesions and low PSA levels, and confirmation 
with tissue sampling is required to confirm the diagnosis.
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QUESTIONS

Question 1:
Which of the following is the most common prostate cancer 

type type and most accurate corresponding percentage?
1. adenocarcinoma, 65%
2. squamous cell carcinoma, 72%
3. neuroendocrine prostate cancer, 41%
4. adenocarcinoma, 99% (applies)
5. signet ring cell carcinoma, 87%

Explanation question 1: 
1. The acinar adenocarcinoma subtype is the most common 

type, however it comprises approximately 99% of prostate 
malignancy, not 65%. [Prostate cancer is the most common 
extra-cutaneous malignancy in males [1]. More than ninety 
percent of prostate malignancy are of the acinar adenocarcinoma 
subtype, which are androgen-driven tumors and often treated 
with androgen deprivation therapy]

2. Adenosquamous carcinoma subtype of prostate cancer 
has been reported, however it is much less prevalent than 
adenocarcinoma. [Prostate cancer is the most common extra-
cutaneous malignancy in males [1]. More than ninety percent of 
prostate malignancy are of the acinar adenocarcinoma subtype, 
which are androgen-driven tumors and often treated with 
androgen deprivation therapy]

3. Neuroendocrine prostate cancer is a rare subtype. 
[However, multiple uncommon histologic variants exist [3], 
including neuroendocrine prostate cancer (NEPC), which 
makes up 0.5-2% [5-7] of prostate cancer cases.]

4. The acinar adenocarcinoma subtype is the most common 
type, comprising approximately 99% of prostate malignancy. 
[Prostate cancer is the most common extra-cutaneous 
malignancy in males [1]. More than ninety percent of prostate 
malignancy are of the acinar adenocarcinoma subtype, which 
are androgen-driven tumors and often treated with androgen 
deprivation therapy]

5. Signet ring cell carcinoma subtype of prostate cancer 
has been reported, however is much less prevalent than 
adenocarcinoma. [Prostate cancer is the most common extra-
cutaneous malignancy in males [1]. More than ninety percent of 
prostate malignancy are of the acinar adenocarcinoma subtype, 
which are androgen-driven tumors and often treated with 
androgen deprivation therapy]

Question 2:
Which of the following is/are correct regarding 

neuroendocrine prostate cancer (select all that apply)?
1. It is a common malignancy.
2. It most often arises spontaneously.
3. The median survival is approximately one year. (applies)
4. It is typically diagnosed early.
5. It most often arises in the setting of androgen deprivation 

therapy for prostate adenocarcinoma. (applies)

Explanation question 2:
1. Neuroendocrine prostate cancer is a rare subtype. 

[However, multiple uncommon histologic variants exist [3], 
including neuroendocrine prostate cancer (NEPC), which 
makes up 0.5-2% [5-7] of prostate cancer cases]

2. Neuroendocrine prostate cancer rarely arises spontaneously, 
and more often arises as a mechanism of treatment resistance 
in the setting of therapy for prostate adenocarcinoma. [NEPC 
can rarely originate from de novo mutations [5], but it more 
commonly arises in the course of evolving treatment resistance 
to androgen deprivation therapy]

3. Neuroendocrine prostate cancer is aggressive with median 
survival of approximately 12 months. [NEPC is the most lethal 
prostate malignancy subtype, with median survival of 9.8-13.1 
months]

4. Neuroendocrine prostate cancer is often diagnosed with 
metastases. [NEPC is the most lethal prostate malignancy 
subtype, with median survival of 9.8-13.1 months [8-9], 5-year 
overall survival of 12.6% [10], and distant metastases present at 
time of diagnosis in approximately half of patients]

5. Neuroendocrine prostate cancer rarely arises spontaneously, 
and more often arises as a mechanism of treatment resistance 
in the setting of therapy for prostate adenocarcinoma. [NEPC 
can rarely originate from de novo mutations [5], but it more 
commonly arises in the course of evolving treatment resistance 
to androgen deprivation therapy]

 
Question 3:
Which of the following is correct regarding the relationship 

between neuroendocrine tumors and prostate biomarkers?
1. Progression of neuroendocrine prostate cancer correlates 

with rising prostate specific antigen levels.
2. Androgen signaling is preserved in neuroendocrine 

prostate cancer, however alterations in systemic estrogen levels 
affect the levels of prostate specific antigen.

3. Nuclear medicine imaging techniques such as PET scan 
using prostate specific membrane antigen is a valuable tool in 
detecting and monitoring neuroendocrine prostate cancer.

4. Prostate specific antigen is not useful because androgen 
deprivation therapy administered for prostate adenocarcinoma 
falsely depresses measurable levels of prostate biomarkers.

5. The normal androgen signaling pathway is disrupted 
in neuroendocrine prostate cancer, which can produce false 
reassurance for clinical monitoring with prostate specific 
antigen levels. (applies)

Explanation question 3:
1. Neuroendocrine prostate cancer has disruption of the 

androgen signaling pathway which also interrupts the correlation 
with prostate specific antigen levels.  [As such, the typical 
androgen receptor signaling pathway is lost or dysregulated, 
and the classical correlation with prostate specific antigen (PSA) 
levels is often absent during progression of NEPC]
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the suspicion for neuroendocrine prostate cancer, and biopsy 
should be considered. [Suspicious findings include aggressive 
metastatic progression with atypical features, such as lytic 
bone lesions and low PSA levels, and confirmation with tissue 
sampling is required to confirm the diagnosis]

3. Sclerotic bone lesions are a common manifestation of 
prostate adenocarcinoma, and statistically is most likely related 
to this most common prostate malignancy subtype. [In patients 
with known prostate adenocarcinoma, findings of metastatic 
disease are often presumed to represent progression of the 
original malignancy type. Supportive findings include increasing 
PSA levels and typical prostate adenocarcinoma metastatic 
pattern, including pelvic lymphadenopathy which sometimes 
presents as obstructive uropathy, potentially direct invasion of 
the bladder or rectal wall, and diffuse sclerotic osseous lesions]

4. A mass arising from the prostate is a common manifestation 
of prostate adenocarcinoma, and statistically is most likely 
related to this most common prostate malignancy subtype. 
[In patients with known prostate adenocarcinoma, findings of 
metastatic disease are often presumed to represent progression 
of the original malignancy type. Supportive findings include 
increasing PSA levels and typical prostate adenocarcinoma 
metastatic pattern, including pelvic lymphadenopathy which 
sometimes presents as obstructive uropathy, potentially direct 
invasion of the bladder or rectal wall, and diffuse sclerotic 
osseous lesions]

5. Direct invasion of the posterior bladder wall is a common 
manifestation of prostate adenocarcinoma, and statistically is 
most likely related to this most common prostate malignancy 
subtype. [In patients with known prostate adenocarcinoma, 
findings of metastatic disease are often presumed to represent 
progression of the original malignancy type. Supportive 
findings include increasing PSA levels and typical prostate 
adenocarcinoma metastatic pattern, including pelvic 
lymphadenopathy which sometimes presents as obstructive 
uropathy, potentially direct invasion of the bladder or rectal 
wall, and diffuse sclerotic osseous lesions]

Question 5:
Which of the following is false regarding treatment and 

outcomes of neuroendocrine prostate cancer?
1. Neuroendocrine prostate cancer is treated the same way as 

prostate adenocarcinoma. (applies)
2. Neuroendocrine prostate cancer is typically treated 

similarly to small cell lung cancer.
3. The majority of patients with neuroendocrine prostate 

cancer do not respond to currently available treatment regiments. 
4. Studies are ongoing regarding novel biomarkers for future 

treatment of neuroendocrine prostate cancer.
5. Even with treatment, less than half of patients survive five 

years after diagnosis with neuroendocrine prostate cancer.

Explanation question 5:
1. Neuroendocrine prostate cancer is typically treated with 

platinum-based therapies, not androgen deprivation therapy, 

2. Neuroendocrine prostate cancer has disruption of the 
androgen signaling pathway which also interrupts the correlation 
with prostate specific antigen levels.  [As such, the typical 
androgen receptor signaling pathway is lost or dysregulated, 
and the classical correlation with prostate specific antigen (PSA) 
levels is often absent during progression of NEPC]

3. Neuroendocrine prostate cancer may provide false 
negative results with conventional “prostate-specific” imaging 
techniques because of the loss of the normal androgen signaling 
physiologic pathway. [Because NEPC often arises in the setting 
of CRPC with loss of the typical prostate biochemical signaling 
pathways, certain “prostate specific” imaging techniques such 
as PET with PSMA may provide false negatives in these cases.]

4. Disruption of the androgen signaling pathway, rather than 
iatrogenic androgen deprivation therapy, is responsible for the 
dissociation between disease status and prostate specific antigen 
neuroendocrine prostate cancer.  [As such, the typical androgen 
receptor signaling pathway is lost or dysregulated, and the 
classical correlation with prostate specific antigen (PSA) levels 
is often absent during progression of NEPC]

5. Neuroendocrine prostate cancer has disruption of the 
androgen signaling pathway which also interrupts the correlation 
with prostate specific antigen levels.  [As such, the typical 
androgen receptor signaling pathway is lost or dysregulated, 
and the classical correlation with prostate specific antigen (PSA) 
levels is often absent during progression of NEPC]

Question 4:
Which of the following imaging findings is most suspicious 

for neuroendocrine prostate cancer in the setting of a patient 
with known prostate adenocarcinoma on treatment?

1. Bilateral hydronephrosis from bulky pelvic 
lymphadenopathy.

2. New lytic bone lesions with aggressive characteristics. 
(applies)

3. Stable sclerotic lesions throughout the axial skeleton.
4. Heterogeneous pelvic mass centered at the prostate.
5. Irregular nodularity of the posterior bladder wall.

Explanation question 4:
1. Pelvic lymphadenopathy is a common manifestation 

of prostate adenocarcinoma, and statistically is most likely 
related to this most common prostate malignancy subtype. 
[In patients with known prostate adenocarcinoma, findings of 
metastatic disease are often presumed to represent progression 
of the original malignancy type. Supportive findings include 
increasing PSA levels and typical prostate adenocarcinoma 
metastatic pattern, including pelvic lymphadenopathy which 
sometimes presents as obstructive uropathy, potentially direct 
invasion of the bladder or rectal wall, and diffuse sclerotic 
osseous lesions]

2. Lytic bone lesions are atypical for prostate malignancy. 
Particularly when new and progressing, if the patient does 
not have other signs of adenocarcinoma progression such as 
rising prostate specific antigen levels, this finding should raise 
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because neuroendocrine prostate cancer most commonly arises 
as a mechanism of resistance to the latter treatment. [Treatment 
for NEPC currently employs chemotherapy regimens that 
have been studied for small cell lung cancer, which has similar 
neuroendocrine cell phenotype, typically with platinum-based 
therapies]

2. Neuroendocrine prostate cancer is usually treated with 
platinum-based chemotherapy, like small cell lung cancer, 
because of the similarities in neuroendocrine phenotype. 
[Treatment for NEPC currently employs chemotherapy 
regimens that have been studied for small cell lung cancer, 
which has similar neuroendocrine cell phenotype, typically with 
platinum-based therapies]

3. Neuroendocrine prostate cancer response rate is less 
than 50%. [However, survival remains poor, with less than 
50% response rate in typical platinum-based combination 
chemotherapy and less than 20% overall five-year survival]

4. Immune checkpoint inhibitors and novel biomarker targets 
are under investigation for future neuroendocrine prostate 
cancer treatments. [Combination with immune checkpoint 
inhibitors and novel biomarker targets are under investigation]

5. Neuroendocrine prostate cancer 5-year survival is less 
than 20%. [However, survival remains poor, with less than 
50% response rate in typical platinum-based combination 
chemotherapy and less than 20% overall five-year survival]
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FIGURES

Figure 1: Initial staging imaging at the time of prostate adenocarcinoma diagnosis. a. Nuclear medicine bone scan with extensive axial and 
appendicular skeletal foci of increased uptake, compatible osseous metastases, including the pelvis, sternum, right clavicle, multiple ribs and 
vertebral bodies. b. Axial CT through the pelvis showing numerous sclerotic metastatic lesions (arrowheads), typical for prostate adenocarcinoma. 
c. Axial CT through the chest with unremarkable initial appearance of the chest wall.

Figure 2: Six-month follow up imaging at the time of second biopsy showing NEPC. a. Axial CT through the pelvis showing progression and more 
confluent regions of the numerous sclerotic metastatic lesions (arrows) since the prior study. b. Axial CT through the chest with a new metastatic 
lesion centered at the anterior right third rib, with destructive lytic appearance and large soft tissue component extending to intrathoracic and 
extrathoracic spaces (arrowheads), including the subpectoral tissues c. More inferiorly, an additional new destructive lesion (arrowheads) through 
the posterior left twelfth rib, also invading the thoracic spine and reaching the canal (arrow) at that level.

Figure 3: One month later, progression of metastatic disease is noted on imaging for other clinical indications. a. Axial CTA through the chest with 
interval enlargement of the right chest wall lesion (arrow), measuring approximately 40% larger, with heterogeneous early internal enhancement 
evident on this contrast enhanced study. b. Axial CT through the abdomen shows numerous new hepatic hypodensities consistent with metastatic 
spread, largest in the left hepatic lobe (arrowheads).
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ABBREVIATIONS
NEPC = NEUROENDOCRINE PROSTATE CANCER
CRPC = CASTRATION-RESISTANT PROSTATE CANCER
PSA = PROSTATE SPECIFIC ANTIGEN
PSMA = PROSTATE SPECIFIC MEMBRANE ANTIGEN
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