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Background: Treatment-induced neuroendocrine prostate cancer (t-NEPC) represents a highly aggressive subtype of castration-resistant
prostate cancer that commonly arises from prostate adenocarcinoma (AdPC) after continuous androgen deprivation therapy (ADT). However,
current treatments for t-NEPC are limited and far from satisfactory. According to our limited knowledge, report regarding the management of
t-NEPC related hemorrhage is rare. Here, we report a case of t-NEPC formation after chronic hormonal therapy accompanying with severe
bleeding in primary tumor and share our experiences to deal with the severe hematuria resulting from the progression of t-NEPC tumor.
Case Presentation: An 80-year-old man with a significantly high prostate-specific antigen was diagnosed via pathology as advanced
AdPC due to multiple bone metastases. He then received ADT including bicalutamide and goserelin. After 20 months of stable disease, the
cancer rapidly progressed and presented with severe gross hematuria caused by bleeding of the primary tumor. The histopathologic analysis
of a secondary biopsy of the primary tumor confirmed neuroendocrine prostate cancer, and subsequent genetic testing revealed germ-line
mutations in the RB1 and FOXA1. To control the bleeding and relieve symptoms, the patient was treated with superselective prostate artery
embolization (PAE). After the left internal pudendal artery and the right prostatic artery were embolized, hematuria was quickly alleviated
and disappeared. However, the patient was not a suitable candidate to platinum-based chemotherapy due to weak constitution. Goserelin was
continuously applied to maintain castration level of serum testosterone. Meanwhile, palliative radiotherapy to the prostate tumor, high-risk
lymph node drainage areas (including iliac and para-aortic lymph nodes, internal iliac lymph nodes, presacral lymph nodes and obturator
nerve lymph nodes) and bone metastases (right sacroiliac joint and thoracic vertebra) was performed and relieved the pain. Unfortunately,
this patient eventually died of cachexia and multiple organ failure nearly 27 months after initial diagnosis.

Conclusion: To treat severe hematuria caused by progression of t-NEPC, superselective PAE may be a rapid and efficient way to stop
bleeding.

Keywords: prostate cancer, androgen deprivation therapy, treatment-induced neuroendocrine prostate cancer, superselective prostate
artery embolization, radiotherapy

Background

Treatment-induced neuroendocrine prostate cancer (t-NEPC) represents a highly aggressive subtype of castration-
resistant prostate cancer (CRPC) that commonly arises from prostate adenocarcinoma (AdPC) after continuous androgen
deprivation therapy (ADT)."* It is generally characterized by the following clinical features, including unresponsiveness
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to ADT, disproportionately low PSA level and expression of one or more neuroendocrine markers, such as chromogranin
A, synaptophysin and neuron-specific enolase (NSE), which usually occurs in the late-stage of prostate cancer and
inevitably indicates a poor prognosis.’ Moreover, neovascularization is another distinctive characteristic of t-NEPC.* The
rapid progression of a tumor is probably accompanied by an imbalance between a fast-growing demand of blood supply
and the formation of new blood vessels, which may result in tumor necrosis and hemorrhage and has become
a challenging clinical problem.” However, current treatments for t-NEPC are limited and far from satisfactory.®
According to our limited knowledge, report regarding the management of t-NEPC related hemorrhage is rare. Here,
we report a case of t-NEPC formation after chronic hormonal therapy accompanying with severe bleeding in primary
tumor. The genetic testing revealed that mutations of RB1 and FOXA1 may provide a genetic predisposition for the
transdifferentiation from AdPC to t-NEPC in this case.

Case Presentation

An 80-year-old man was admitted to our institute for lower urinary tract symptoms (LUTS) in April 2018. International
Prostate Symptom Score (IPSS) of the patient was evaluated as 30, while Quality of life (QoL) was scored as 5 points
and Eastern Cooperative Oncology Group (ECOG) performance status was 0. Digital rectal examination revealed a grade
III enlarged prostate, with palpable hard nodules on the surface obviously and the central sulcus disappeared. The value
of serum prostate- specific antigen (PSA) was 145.6 ng/mL (normal value: 0—4 ng/mL), testosterone (T) was 354.5 ng/dl
(normal value: 193-740 ng/dl), hemoglobin (Hb) was 119 g/l (normal value: 130-175 g/1), serum creatinine (SCr) was 67
umol/l (normal range: 57-111 pumol/l). The pelvic enhanced magnetic resonance imaging (MRI) showed that a high
possibility of prostate cancer, and the seminal vesicles and pelvic bones were invaded (Figure 1A). Single-photon
emission computed tomography (SPECT) indicated tumor had metastasized to multiple bones including the right ilium
and the right sacroiliac joint (Figure 2A). Transrectal ultrasound-guided biopsy revealed poorly differentiated AdPC after
pathological examination, with a Gleason score of 9 (4 + 5), PSA (+), synaptophysin (-), chromogranin A (-) and Ki67
(15%) (Figure 3A—C). The clinical stage was determined as stage IV (T3b NO M1b) and this patient agreed to accept the
ADT comprising bicalutamide (50 mg, once a day) combined with goserelin (10.8 mg, once every three months) since
April 2018. The patient had a good response to the aforementioned therapy with the LUTS improved (IPSS 15, QoL 3)
and serum PSA level decreased to 0.077 ng/mL (normal value: 0—4 ng/mL). Meanwhile, subsequent pelvic enhanced
MRI (Figure 1B) and SPECT (Figure 2B) suggested the volume of the primary tumor and metastases was significantly
reduced at the follow-up in June 2019.

However, 6 months later, the patient gradually presented with gross hematuria, urination pain, anemia, tachycardia
and pale lips, and thus was admitted to our institute again in December 2019. Hb decreased continuously from 115 g/l to
79 g/l in four days after admission, and showed no obvious improvement even after blood transfusions. At that point,
serum PSA was 0.416 ng/mL (normal value: 0—4 ng/mL), T was 4.33 ng/dl (normal value: 193—740 ng/dl), SCr was 86
umol/l. Although SPECT indicated no significant change in bone metastases (Figure 2C), the pelvic enhanced MRI
suggested that the primary prostate cancer tumor was enlarged with bladder invasion and the parailiac lymph nodes were
involved (Figure 1C). An emergency contrast-enhanced computed tomography (CT) of the chest and abdomen further
suggested that the tumor had metastasized to thoracic vertebra without urinary obstruction and ureterohydronephrosis. To
sum up, the disease has progressed to the more aggressive CRPC stage.

In consideration of the relative stable PSA level and the rapid progression of the disease, we tested the serum NSE
with a value of 170.8 ng/mL (normal value: 0-17 ng/mL). All these results indicated a possible formation of t-NEPC.
Therefore, a secondary biopsy of the enlarged primary tumor was performed. The results of pathology showed small-cell
neuroendocrine carcinoma (Figure 3D). The immunohistochemical staining contained features of t-NEPC, which had an
intensive Ki67 expression (70%), was negative for PSA staining and positive for synaptophysin and CD56 (Figure 3E
and F and Supplementary Figure). Furthermore, a genetic testing of the blood sample showed germ-line mutations of
RBI1 and FOXA1 (Table 1), both of which are tightly associated with the formation of t-NEPC.””®

The effect of conservative treatments (eg, continuous bladder irrigation, fluid infusion and blood transfusion) for hematuria

was limited. To control the bleeding of the primary tumor and relieve symptoms, the patient was treated with superselective
prostate artery embolization (PAE) after multi-disciplinary consultations in January 2020. During the surgery, digital
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Figure | Imaging materials of the pelvic enhanced MRI. (A) Before the first transrectal ultrasound-guided biopsy, MRI indicated that the prostate was obviously enlarged
with heterogeneous intensities, and the bilateral seminal vesicles and the pelvic bones were invaded in April 2018. (B) After the treatment of bicalutamide and goserelin for
14 months, the primary tumor significantly shrank in size. (C) MRI suggested that the primary prostate tumor was progressed with bladder invasion and the parailiac lymph
nodes were involved when the patient had hematuria in December 2019. (D) The patient was treated with superselective PAE combined with radiotherapy, and a follow-up
MRI revealed that the tumor volume was notably reduced in May 2020.

Abbreviations: MRI, magnetic resonance imaging; PAE, prostate artery embolization.

subtraction angiography (DSA) revealed extravasation of contrast medium from branches of right prostatic artery (Figure 4A).
Then, superselective PAE was performed to terminate the bleeding. Polyvinyl alcohol particles (PVA) were successfully
injected into the right prostatic artery (Figure 4B). We also found that a large amount of contrast medium overflowed at the
terminal of the left prostatic artery (Figure 4C). However, the left internal pudendal artery was selected to be embolized with
infusion of PVA, gelatin sponge and spring coil due to the malformation of the left prostatic artery (Figure 4D). Finally, the
hematuria was controlled immediately with no obvious discomfort after operation.
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Figure 2 Imaging materials of the SPECT (black arrow indicates the right iliac bone). (A) At initial diagnosis, SPECT indicated that the tumor had metastasized to multiple
bones including the right ilium and the right sacroiliac joint in April 2018. (B) Bicalutamide and goserelin greatly alleviated bone metastases in June 2019. (C) The SPECT in
December 2019 indicated that the lesions on the right iliac bone and the right sacroiliac joint were relative stable. A new lesion could be found on the 5th left anterior rib,
which was more likely caused by chronic trauma.

Abbreviation: SPECT, single-photon emission computed tomography.
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Figure 3 Pathological images of tumor. Histological and immunohistochemical staining of the initial biopsy: the normal cell architecture was disappeared and eosinophilic
structures were appeared. The nucleus of tumor cells was enlarged. The Gleason Score was 9 (4 + 5) (H&E) (A). The tumor cells were positive for PSA (B) and were
negative for synaptophysin (C). Scale bar 100 um. Histological and immunohistochemical staining of the secondary biopsy after ADT: the small blue cells with less cytoplasm
and a high nuclear to plasma ratio were found (H&E) (D). The tumor cells were negative for PSA staining (E) and were positive for synaptophysin (F). Scale bar 100 pm.
Abbreviations: H&E, hematoxylin and eosin; PSA, prostate-specific antigen; ADT, androgen deprivation therapy.
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Table 1 Gene Mutation Sites and Significance

Gene Mutation Site | Previous Literature Reports Correlation with NED

RBI The Y709Hfs* |0 mutation can change the role of | The inactivation of RBI can affect tumor suppressor gene PTEN and
Y709Hfs*10 RBI in transcriptional regulation.'® reprogram AdPC to t-NEPC.'®
mutation.

FOXAI | The N252_ F254_E255 del can enhance transcriptional | FOXAI mutation alters the phenotype of AdPC cells and the normal
C258 del activity of FOXAI and promote cell luminal epithelial cells.? It can also inhibit the expression of interleukin
mutation. proliferation.” 8 and promote the formation of t-NEPC.'”

Abbreviations: AdPC, prostate adenocarcinoma; NED, neuroendocrine differentiation; t-NEPC, treatment-induced neuroendocrine prostate cancer.

After analyzing all test results and conducting a comprehensive evaluation, we have realized that the patient was not
suitable for platinum-based chemotherapy due to his weak constitution. For this reason, to further control the disease and
relieve pain of the patient, palliative radiotherapy (intensity modulated radiation therapy, IMRT) to the pelvic tumor (60.2
Gy/2.15 Gy/28 fractions), the lymph drainage area (50.4 Gy/1.8Gy/28 fractions) and bone metastases (30Gy/3Gy/10
fractions) was performed in the Department of Tumor Radiotherapy of our institution in February 2020. The LUTS were
relieved effectively after the palliative radiotherapy. The tumor biomarkers decreased after the superselective PAE and
the radiation therapy (NSE from 170.8 ng/mL to 32 ng/mL; PSA from 0.416 ng/mL to 0.058 ng/mL). Moreover,
enhanced MRI in May 2020 (Figure 1D) showed that the primary tumor was smaller than that in December 2019
(Figure 1C). Unfortunately, the patient could not withstand the pain of the disease and then refused the follow-up
treatments. He eventually died of cachexia and multiple organ failure at home on July 12, 2020.

Discussion and Conclusions
In our case, the patient was initially diagnosed as AdPC with a Gleason score of 9. After a persistent course of hormonal
therapy, the disease progressed into CRPC stage with a relatively stable PSA, an elevated serum NSE, intolerant
symptoms (chronic pain and hematuria) and increased tumor burden. The latest Comprehensive Cancer Network
(NCCN) guideline for metastatic CRPC has already recommended a biopsy of metastatic sites to re-evaluate the
histology of the advanced disease'®. In this case, tumor burden in the primary site, but not in metastatic sites, was
increased significantly with the disease progression. Therefore, we performed the second biopsy in the prostate to
confirm the histology of the CRPC tumor. From the results of cell morphology and the immunostaining of neuroendo-
crine markers, t-NEPC was finally diagnosed.

Preclinical studies support the idea that AdPC evolves into t-NEPC in the presence of androgen receptor inhibition."!
In this case, the time from initial ADT treatment to the diagnosis of t-NEPC was 20 months, which was in accordance
with the report from a previous study.'” The formation of t-NEPC is a consequence of multiple context-dependent
mechanisms, including the selective pressure from ADT, the cellular plasticity, epigenetic modulations and gene
mutations.'*'* A high Gleason score (>8) of the patient is also a risk factor of t-NEPC formation after ADT.'?
Moreover, the genetic testing detected germ-line mutations of RB1 and FOXAT1 in this case. RB1 is a classical tumor
suppressor gene,'> loss of which is one characteristic of t-NEPC and contributes to elevation of lineage plasticity of
tumor cells.”'® The mutation of the transcriptional factor FOXAI can block luminal differentiation and activate
a mesenchymal and neuroendocrine transcriptional program in prostate epithelial cells.””!'” Unfortunately, we only
detected the mutation sites rather than whole exon sequencing in consideration of the economic conditions of the patient,
the latter could have provided much more useful information.

t-NEPC commonly loses the dependency of AR signaling, establishment of which often indicates an indolent
response to ADT.?> Unfortunately, no targeted treatment has been well proved to be effective for t-NEPC. Therefore,
t-NEPC unexceptionally progresses rapidly in accompany with the formation of a large number of new blood vessels,
which represents a critical phenotype of this aggressive disease.” Once tumor grows without sufficient nutrition and
blood supply, tumor tissue may be necrotic, which may cause hematuria.'® Chronic hematuria induces repeated pain
in the lower abdomen and impairs the quality of life, while refractory hematuria can result in severe anemia and
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Figure 4 Imagines before and after superselective PAE. (A) DSA revealed extravasation of contrast medium from branches of the right prostatic artery before treatment (as
circled in red). (B) PVA were injected into the right prostatic artery and the bleeding was significantly reduced (as indicated by the black arrow). (C) Before superselective
PAE, DSA demonstrated that an obvious extravasation of contrast medium was arisen from the terminal branch of the left prostatic artery (as circled in red). (D) Because of
the left vascular malformation, PVA, gelatin sponge and spring coil were injected into the left internal pudendal artery (as indicated by the black arrow), the prostatic
parenchyma was not visible and the blood flow of prostatic artery was completely stopped.

Abbreviations: PAE, prostate artery embolization; DSA, digital subtraction angiography; PVA, polyvinyl alcohol particles.

becomes a threat to life.'® A similar case was also reported, of which a 70-year-old male was diagnosed with clinical
stage T2¢ AdPC, and received treatments of ADT and radiotherapy. However, after 44 months since radiotherapy, the
disease progressed with heavy haematuria which was lasting even after a transurethral surgery. Eventually, the patient
deteriorated and died 52 months after radiotherapy.® Therefore, alleviating the severe bleeding secondary
to advanced prostate cancer is a thorny problem. PAE is one of the desirable treatment types of LUTS secondary
to benign and/or malignant prostate enlargement and of localized prostate cancer.”' PAE is also commonly used to
relieve the refractory hematuria from advanced prostate cancer and other pelvic urological malignancies, which is
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minimally invasive and has a high success rate of hemostasis and a low incidence of recurrence.'® However, reports
introducing the experience of using PAE in treating severe bleeding from t-NEPC tumors are rare. In this case, the
disease stepped into the CRPC stage and caused refractory hematuria that failed to response to conservative
treatments. Superselective PAE was successfully carried out in the patient with good tolerance and a satisfactory
outcome, resulting in the main blood supply of the tumor blocked, bleeding stopped, symptoms well relieved and Hb
level stabilized. More importantly, the patient avoided a surgery and got an opportunity for further treatments.

The first-line treatment recommended by NCCN guideline for t-NEPC is chemotherapy based on cisplatin or
carboplatin with sufficient supportive care.' However, the efficacy is limited with an overall survival of 8.9-26.1
months.?> Moreover, the adverse reactions of chemotherapy are inevitable, such as granulocytopenia, severe diarrhea,
anemia, and uncontrollable hematuria.>> In consideration of the weak constitution and the hemorrhage tendency of the
patient, we recommended the palliative radiotherapy based on a castration level of serum testosterone. Wang HT and
colleagues reported that radiotherapy was one of the most common types of treatment after t-NEPC diagnosis in clinical
practice (8.6%) and was significantly associated with a longer survival.'> Moreover, the palliative radiotherapy is
effective in palliating pelvic symptoms such as hematuria, pain, with acceptable toxicity.>* The adenocarcinoma part
of a lump or metastases with mixed histology may have a sensitive response to radiotherapy, which benefits t-NEPC
patients. Although the case we reported here eventually died within 7 months after t-NEPC diagnosis, radiotherapy to the
pelvic tumor, lymph drainage area and bone metastases was beneficial, even temporarily, for tumor and symptom control.

In this case, high-grade pathology and distinct genetic background of the primary tumor and long-term ADT together
contributed to the formation of t-NEPC. To treat the severe hematuria resulting from the progression of t-NEPC tumor,
superselective PAE may be a rapid and effective way to stop bleeding and an operation was avoided. In clinical practice,
a secondary biopsy for primary tumor or metastases and genetic testing should be taken into consideration when t-NEPC was
suspected. Once t-NEPC is diagnosed, an individualized treatment strategy should be carried out to prolong the survival of
patients.

Abbreviations

t-NEPC, Treatment-induced neuroendocrine prostate cancer; AdPC, prostate adenocarcinoma; ADT, androgen depriva-
tion therapy; PAE, prostate artery embolization; PSA, prostate-specific antigen; CT, computed tomography; MRI,
magnetic resonance imaging; SPECT, Single-photon emission computed tomography.
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