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Introduction

Primary neuroendocrine prostate cancer (NEPC) rarely 
arises de novo. However, treatment-related neuroendocrine 
prostate cancer (t-NEPC) is relatively common after 
hormonal therapy, especially novel androgen receptor 

pathway inhibitors (ARPIs; abiraterone, enzalutamide, 

apalutamide, etc.), and has an incidence of 17–30% (1,2). 

T-NEPC has the morphological characteristics of small 

cell carcinoma with low or no expression of androgen 

receptor (AR), so it is prone to extensive visceral metastasis, 
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osteolytic metastasis, and large mass even with a very 
low prostate-specific antigen (PSA) level. Moreover, 
the effective time of hormonal therapy is short, and the 
prognosis is extremely poor. At present, there is no standard 
treatment model for t-NEPC. Although tumors are initially 
responsive to platinum-based chemotherapy, the drugs are 
only effective for a short time. Immunotherapy has been 
added in recent years, but the improvement is limited, and 
thus whether local treatment can prolong survival is of great 
concern.

With the development of radiotherapy (RT), stereotactic 
ablative radiotherapy (SABR) has improved the hope for 
achieving local control (3). To increase the efficacy and 
safety of RT, a mode of partial SABR (P-SABR) can be 
used. P-SABR is a RT regimen that is used for bulky tumors 
in a SABR boost [such as 6 Gy × 4 fractions (f), 8 Gy × 3 f] 
prior to conventional RT to enhance the tumor biological 
effective dose (BED) without increasing the dose to organs 
at risk. The study (4) has found that SABR can release more 
tumor-associated antigens (TAAs) after killing tumor cells, 
produce in situ vaccine effects, stimulate immune T-cell 
activation, and synergize with immunotherapy to kill tumor 
cells. Here, we report a single-center retrospective case 
series of patients with t-NEPC undergoing primary tumor 

P-SABR combined with systemic therapy. We present the 
following article in accordance with the AME Case Series 
reporting checklist (available at https://tau.amegroups.com/
article/view/10.21037/tau-22-867/rc).

Case presentation

All procedures performed in this study were in accordance 
with the ethical standards of Peking University First 
Hospital and with the Helsinki Declaration (as revised in 
2013). Written informed consent was obtained from the 
patients for publication of this case series and accompanying 
images. A copy of the written consent is available for review 
by the editorial office of this journal.

Diagnosis stage

The patient was 74 years old at the time of diagnosis (August 
2018). He visited a doctor due to increased nocturia, and 
PSA was 1,302 ng/mL. Abdomen and pelvis computed 
tomography (CT) showed a cauliflower-like mass of prostate 
4.8 cm × 5.9 cm in size, with invasion into the bladder, 
seminal vesicles, and the end of right ureter; hydrops in 
the right kidney and right ureteral; and multiple pelvic and 
retroperitoneal lymph node metastases. Prostate biopsy 
showed Gleason score 4+4 acinar adenocarcinoma was seen 
in 12/12 cores. Bone scan showed metastases located at the 
thoracic 11 to the lumbar 1 vertebra and the right side of 
the lumbar 5 vertebra, the right 4th and 6th ribs, the left 
5th rib, the left ilium, and the middle and upper segments of 
the left femur. The initial diagnosis was metastatic prostate 
cancer [cT4N1M1b, The American Joint Committee on 
Cancer (AJCC) eighth edition].

First-line treatment: hormonal therapy

The patient started androgen deprivation therapy (ADT) 
combined with AR antagonist bicalutamide in September 
2018. The symptoms of nocturia and dysuria improved. Re-
examination by CT and bone scans showed the prostate 
and metastatic lesions were significantly reduced, with a 
minimum prostate size of 3.1 cm × 4.1 cm. After 6 months 
of medication, bicalutamide was switched to abiraterone. 
The PSA was 0.19 ng/mL after 3 months of abiraterone 
(June 2019). Zoledronic acid was initiated to prevent bone 
adverse events.

Highlight box

Key findings 
•	 P-SABR radiotherapy is safe and effective in the treatment of 

patients with prostate bulky tumor and may prolong the survival of 
these patients.  

What is known and what is new?  
•	 It is known that the amount of treatment-related neuroendocrine 

carcinoma of the prostate (t-NEPC) increases after hormonal 
therapy, especially novel androgen receptor pathway inhibitors 
(ARPIs); 

•	 P-SABR is a radiotherapy regimen that is used in a SABR boost 
(such as 6 Gy × 4 f, 8 Gy × 3 f) prior to conventional radiotherapy 
to enhance the tumor biological effective dose (BED) without 
increasing the dose to organs at risk. 

What is the implication, and what should change now? 
•	 Prostate cancer with a large mass and neuroendocrine differentiation 

should be treated with radiotherapy as early as possible, even in 
patients with high-volume metastases. Radiotherapy can improve 
patients’ lower urinary tract symptoms, improve local control, and 
prolong the effective time of systemic therapy.

https://tau.amegroups.com/article/view/10.21037/tau-22-867/rc
https://tau.amegroups.com/article/view/10.21037/tau-22-867/rc
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Clinical progression and repeat biopsy: small cell 
neuroendocrine (NE) carcinoma

After 1 year of ADT, the patient began to experience 
a g g r a v a t e d  l o c a l  s y m p t o m s ,  s u c h  a s  u r g e n c y, 
frequent urination, and dysuria in October 2019. CT 
showed that the prostate tumor had increased from  
3.1 cm × 4.1 cm (maximum dimensions) (June 2019) 
to 9.5 cm × 6.6 cm (December 2019) and invaded the 
entire bladder. Whole body osseous metastases had 
improved significantly. However, the PSA remained low  
(0.09 ng/mL). As the prostate tumor progressed rapidly 
under the low PSA, the pathological type of the primary 
tumor might have undergone transformation, and the 
patient received a repeat prostate biopsy. The repeat biopsy 
showed that the pathological morphology combined with 
immunohistochemistry (IHC) was consistent with small-
cell NE carcinoma (Figure 1A,1B). The IHC result were the 
following: PSA (−), AR (−), ETS-related gene (ERG) (−), 
chromogranin A (CgA) (+), synaptophysin (Syn) (+), cluster 
of differentiation 56 (CD56) (+), and Ki-67 80%. The 
genetic testing showed 18 key gene mutations including 
STAG2, PIK3C2G, SPOP, TP53, RB1, HSP90AA1, AKT1, 
ERBB2, BRCA1, CDKN1B, DICE1, NFKBIA, CD79B, 
BRIP1, PRKARIA, NKX2-1, NF1, and SOX9. The tumor 
mutational burden (TMB) was 4 mutations/megabase, and 
the tumor was microsatellite stable (MSS) [the library was 
constructed with the target capture method, 520 genes 
were detected by next-generation sequencing (NGS), and 
they were sequenced by using an Illumina NextSeq 500 
platform].

Second-line treatment: chemotherapy

The patient continued to receive ADT without abiraterone. 
Six cycles of chemotherapy (docetaxel + cisplatin) were 
performed from December 2019 to May 2020. After the 
first 4 cycles of chemotherapy, the patient’s symptoms 
of frequent urination and dysuria improved. During 
the last 2 cycles of chemotherapy, there was gradual 
worsening of symptoms, accompanied by edema. The most 
obvious symptom was frequent urination at a frequency 
of approximately once an hour. PSA remained stable  
(0.09 ng/mL) during chemotherapy.

Third-line treatment: RT + immunotherapy

The imaging examination after 6 cycles of chemotherapy 

showed the progression of prostate and bladder lesions, and 
the evaluation was progressive disease (PD). In July 2020, 
transurethral resection of bladder tumors and prostate 
tumors (TURBT and TURP, respectively) was performed. 
Cystoscopy showed a solid tumor extending from the 
prostate to the bladder neck and the right wall. The tumor 
was cotton wool-shaped and had a wide range. It was 
partially excised, revealing that the tumor reached the deep 
muscle layer. Pathological examination revealed small-cell 
NE carcinoma. IHC results were as follows: P504 (−), P63 
(−), PSA (−), CgA (partial +), Syn (+), CD56 (+), Ki-67 (80%), 
P53 (partial+), vimentin (−), leukocyte common antigen 
(LCA) (−), S-100 (−), prostate-specific membrane antigen 
(PSMA) (−), AR (−), and programmed cell death 1 ligand 
1 (PD-L1) (−) (22C3) (Figure 1C-1I). The PSA level was  
0.354 ng/mL. There was no significant increase in NE-
related tumor markers [neuron-specific enolase (NSE): 
17.17 ng/mL; progastrin-releasing peptide (proGRP):  
53.66 pg/mL].

To alleviate the symptoms, RT was delivered. Positron 
emission tomography (PET)-CT was performed before 
RT. Because the pathology was small-cell NE carcinoma, 
18F-fluorodeoxyglucose (18F-FDG) tracers was used. PET-
CT showed that the hypermetabolic lesions were located in 
the bladder and prostate, no hypermetabolism was present 
in the lymph nodes or the whole-body bone, and a slight 
increase in the metabolism of the left ilium and thoracic 
11th vertebral body, which was considered a posttreatment 
change (Figure 2A-2F).

RT was performed from August to September 2020. 
Treatment was delivered using daily image-guided radiation 
therapy-volumetric modulated arc therapy (IGRT-VMAT), 
with 6-MV X-ray. The target volumes included the 
planning gross tumor volume (PGTV) and the planning 
target volume (PTV). 

The PGTV included the whole bladder and prostate, 
with the GTV expanded by 5 mm to form the PGTV; 
the PGTV margin near the intestine and rectum was 
repaired to the edge of the normal organ; a total dose of  
60 Gy/3 Gy/20 f was given.

For the PTV, the clinical target volume (CTV) included 
the lymph node drainage area on the same plane of the 
GTV, with the CTV being expanded by 5 mm to form the 
PTV. A total dose of 46 Gy/2.3 Gy/20 f was given.

The GTV_boost was based on the high metabolic range 
of PET-CT; in delineating the GTV_boost, the target area 
was required to be 1 cm away from the rectum, urethra, and 
intestine, and the first 4 fractions were given at a dose of  
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Figure 1 Pathology of patient 1. (A,B) Histological exam of HE-stained sections of the biopsy specimen of the prostate tumor in 2019 (A, 
10×; B, 20×). (C-I) TURBT/TURP specimens of prostate tumor in 2020 [C, 10×, HE; D, 20×, HE; E, 20×, AR-negative (IHC); F, 40×, 
PSMA-negative (IHC); G, 40×, CgA-positive (IHC); H, 10×, Syn-positive (IHC); I, 20×, Ki-67 80% (IHC)]. E-IAR, androgen receptor; 
CgA, chromogranin A; HE, hematoxylin and eosin; IHC, immunohistochemistry; PSMA, prostate-specific membrane antigen; Syn, 
synaptophysin; TURBT, transurethral resection of bladder tumour; TURP, transurethral resection of the prostate.
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24 Gy/6 Gy/4 f with a cumulative BED10 of 100.8 Gy.
The RT plan consisted of 2 courses: 4 f for the first 

course and 16 fractions for the second course. 
The first course was as follows: GTV_boost 24 Gy/6 

Gy/4 f, PGTV 12 Gy/3 Gy/4 f, and PTV 9.2 Gy/2.3 Gy/4f; 
second course was as follows: PGTV 48 Gy/3 Gy/16 f and 
PTV 36.8 Gy/2.3 Gy/16 f; the overlay plan was as follows: 
GTV_boost 72 Gy/20 f, PGTV 60 Gy/20 f, and PTV  

46 Gy/20 f.
Figure 2G-2I shows the prostate tumor 2 years after RT. 

Figure 3 shows the radiation isodose line of the 2 courses 
added.

Concurrent chemotherapy and PD-L1 immunotherapy 
were used during RT. The chemotherapy regimen was 
cisplatin (60 mg Qw) during RT, and the immunotherapy 
regimen was durvalumab (1,500 mg Q3w). A total of  
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Figure 2 Comparison of images of patient 1 before and 2 years after RT. (A-F) 18F-FDG PET-CT before RT showed that the prostate 
gland was significantly enlarged, irregular in shape, with significantly increased glucose metabolism and that the bladder wall was unevenly 
thickened in many places, with the tumor invading the bladder and the entrance of the bilateral ureters. (G-I) CT scans 2 years after 
RT showed that showed primary tumor was still stable. CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron emission 
tomography; RT, radiotherapy.

4 cycles of durvalumab were performed. The changes of T 
lymphocyte subsets before and during immunotherapy are 
shown in Table S1.

The patient completed RT safely, with grade 1 fatigue 
and grade 1 urinary frequency [Common Terminology 
Criteria for Adverse Events (CTCAE) 5.0]. After 6 months 
of RT, the frequency, urgency and pain during urination 
were relieved.

The pathological evaluation after RT was as follows: 
on the last day of RT, cystoscopy showed floccules in the 

bladder, diffuse thickening of the bladder wall, and deep 
biopsy of the anterior wall tissue. No tumor cells were 
found in pathology. 

Fourth-line treatment: chemotherapy

CT was performed 2 months after the end of RT. It was 
found that the primary lesion was reduced and that the 
enhancement was lower than before. However, there were 
multiple metastatic lymph nodes out of the range of RT. 

https://cdn.amegroups.cn/static/public/TAU-22-867-Supplementary.pdf
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The patient was thus started on chemotherapy in November 
2020, with a regimen of etoposide + carboplatin + 
programmed cell death 1 (PD-1) for a total of 6 cycles. After 
re-examination, the metastatic lymph nodes in the abdomen 
and pelvis were smaller than before, and there were no new 
lesions. After 6 cycles of chemotherapy, oral etoposide (100 
mg Qd; D1–14, Q3w) and PD-1 maintenance therapy were 
continued until January 2022, imaging examinations were 
performed regularly, and there were no new lesions. 

Fifth-line treatment: rechallenge with novel ARPI

In February 2022, the PSA increased to 18 ng/mL, and the 
bone scan showed that the left sacroiliac joint metastases 
had progressed compared with 6 months ago. The patient 
began receiving abiraterone acetate. The last examination 
was taken in September 2022. CT showed that the primary 
tumor was still stable (Figure 2G-2I). Bone scan showed 
metastatic lesions in the left iliac bone and lumbar 2 
vertebral body were larger than 4 months ago, and no new 
lesions were found. The patient was prepared for reradiation 
of the oligo-progressive site (left iliac bone and lumbar 5 
vertebral body metastasis) but continued on abiraterone 
administration. As of this writing, the patient has been in 
remission for 3 years after the initial diagnosis of t-NEPC. 
Figure 4 shows the patient’s treatment flowchart. Table S2 

shows treatments and changes in tumour markers. 

Discussion

The incidence of small cell/NE carcinoma at initial 
diagnosis is less than 2% (1). However, with the increasing 
use of novel ARPIs, a notable phenomenon is that the 
development of t-NEPC rate has increased (2). The origin 
of t-NEPC cells is still controversial. The normal prostate 
gland contains NE cells randomly distributed among the 
basal cells and liminal cells (5). These cells secrete various 
peptide hormones, including CgA, enolase 2 (NSE), and 
calcitonin, and affect surrounding epithelial cells in a 
paracrine manner. However, in the normal prostate gland, 
these NE cells are in a quiescent state. Whether t-NEPC 
arises from the formation and clonal selection of existing NE 
cells or from the transformation of adenocarcinoma cells has 
been controversial (6,7). However, an increasing amount of 
evidence supports the notion that t-NEPC transdifferentiates 
from adenocarcinoma as a consequence of epithelial plasticity. 
Cancer cells transform from AR-driven adenocarcinoma 
to t-NEPC and escape from the AR pathway (2,8-11). In 
addition to hormonal therapy, t-NEPC can be induced 
by RT (12,13) and chemotherapy (14). T-NEPC usually 
exhibits NE differentiation-related genes, such as Syn, CgA, 
and NSE. Several gene mutations have been discovered in 

Figure 3 P-SABR plan of patient 1 and DVH. The 72 Gy prescription isodose line (red), the 60 Gy isodose line (green), and the 46 Gy 
isodose line (blue) are shown. P-SABR, partial stereotactic ablative radiotherapy; DVH, dose-volume histogram; R, right; L, left; A, anterior; 
P, posterior; H, head; F, foot. 

https://cdn.amegroups.cn/static/public/TAU-22-867-Supplementary.pdf
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the past 20 years, including RB1 deletion, TP53 mutation, 
TMPRSS2-ERG fusion, and MYCN amplification (15-20). 
Table S3 lists the common NEPC biomarkers. 

The characteristics of t-NEPC are as follows: (I) 
the morphological manifestations congruent with the 
characteristics of small cell carcinoma and (II) the molecular 
markers characterized by low or no expression of AR (21) 
and positive NE markers such as CgA, Syn, and CD56; (III) 
the clinical manifestations are prone to extensive visceral 
metastases, osteolytic metastases, large masses, low PSA 
levels relative to the tumor burden, a short effective time 
for hormonal therapy, and extremely poor prognosis (22,23). 
In one study, the time from diagnosis of prostate cancer to 
t-NEPC in 123 patients was 20 months, and the median 
survival after t-NEPC was only 7 months (24). 

Docetaxel is the preferred chemotherapy regimen for 
prostate cancer (25). However, in small cell carcinoma or 
t-NEPC, the chemotherapy regimen is similar to that in 
small cell lung cancer, and the commonly used regimens are 
cisplatin or carboplatin combined with etoposide.  

The patient described in this article (patient 1) had a 
large prostate mass at the time of the initial diagnosis. 
After 1 year of hormonal therapy, the PSA was low. After 
the primary tumor progressed, a secondary biopsy showed 
the transformation to small-cell NE carcinoma. IHC 
was negative for AR and positive for NE-related protein. 
Genetic testing results were consistent with typical NE 
features. The patient received a second-line chemotherapy 
regimen of docetaxel + cisplatin after the progression of 
t-NEPC. Local symptoms were aggravated in the 5th to 

6th cycles. Chemotherapy controlled the local lesions for 
only 3 months, and after chemotherapy, the tumor had 
invaded to the entire bladder and prostate. The patient was 
treated with P-SABR RT regimen for large masses (26). 
Pathological complete remission (pCR) was achieved after 
RT. Table 1 shows 3 other t-NEPC patients who received 
P-SABR and obtained ideal tumor control. Figure 5 shows 
patient 3’s magnetic resonance imaging (MRI) before and 
after RT. 

The P-SABR regimen is primarily used for 3 main 
reasons:

(I)	 The radiation dose needs to be increased as much 
as possible. According to the recommendations 
of the National Comprehensive Cancer Network 
(NCCN) guidelines, the treatment should follow 
the principles for that of small cell lung cancer. In 
small cell lung cancer, large masses that progress 
after developing resistance to chemotherapy are 
also less sensitive to RT. Consequently, the dose of 
local RT needs to be increased.

(II)	 The safety of organs at risk (e.g., the rectum, 
bladder, urethra) should be protected. If traditional 
SABR is used, it will cause serious and irreversible 
late damage to the rectum, bladder and urethra. 
However, if a simultaneous integrated boost (SIB) 
is adopted, the BED cannot reach the level of 
P-SABR, and the local control rate may be low.

(III)	 SABR stimulates tumors to release neoantigens, 
stimulates T-cell activation, and cooperates with 
immunotherapy to make activated immune cells 

Primary tumor 
progression  

second biopsy
t-NEPC

First-line LHRHa+
bicalutamide → 

abiraterone

Second-line 
chemotherapy

docetaxel + 
cisplatin

Third-line 
P-SABR + 

immunotherapy

Fourth-line  
chemotherapy  
(etoposide + 

carboplatin) + 
immunotherapy

Fifth-line 
re-challenge 
abiraterone

Primary tumor 
progression third 

biopsy
TURBT + TURP

Primary tumor 
stable

new lymph node 
metastasis

Primary tumor 
stable

bone metastasis 
PD

Diagnosed 12 months 10 months 6 months 6 months15 months

Figure 4 Treatment flowchart of patient 1. t-NEPC, treatment-related neuroendocrine prostate cancer; TURBT, transurethral resection of 
bladder tumour; TURP, transurethral resection of the prostate; LHRHa, luteinizing hormone-releasing hormone agonist; PD, progressive 
disease; P-SABR, partial stereotactic ablative radiotherapy.

https://cdn.amegroups.cn/static/public/TAU-22-867-Supplementary.pdf
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Table 1 Demographic, medical, and treatment information of patients before and after radiotherapy

Variables Patient 1 Patient 2 Patient 3 Patient 4

Age at diagnosis 75 years 70 years 80 years 66 years

TNM stage T4N1M1b T3bN0M1b T4N1M1b T4N0M1b

Pathology Acinar adenocarcinoma Acinar adenocarcinoma Acinar adenocarcinoma Acinar 
adenocarcinoma

GS score 4+5 4+5 5+4 5+4

PSAmax at 
diagnosis (ng/mL)

>100 74.58 177 >100

Time to CRPC 
(months) 

12 8 18 3

Time to RT (months) 22 10 50 3

Repeat biopsy Small-cell carcinoma Adenocarcinoma 
with neuroendocrine 
differentiation and ductal 
adenocarcinoma

Adenocarcinoma with 
neuroendocrine differentiation

Adenocarcinoma 
with neuroendocrine 
differentiation

Genetic testing STAG2, PIK3C2G, SPOP, 
TP53, RB1, HSP90AA1, AKT1, 
ERBB2, BRCA1, CDKN1B, 
DICE1, NFKBIA, CD79B, 
BRIP1, PRKARIA, NKX2-1, 
NF1, and SOX9

TP53 (c.782+2T>A, 
36.90%), FOXA1 (p.F254_
N256delinsY, 29.50%), 
BRCA2 del (exon2–
exon24)

CDK12 (exon5 c.2275A>T 
p.R759, 13.86%), 
VHL (exon3 c.473T>G 
p.L158R, 1.92%), FOXA1 
(c.763_774delGAGAACGGCTGC 
p.E255_C258del, 17.98%)

Not done

Tumor biomarker 
before RT

PSA 0.354 ng/mL, NSE  
17.17 ng/mL, proGRP  
53.66 pg/mL, CEA 0.87 ng/mL

PSA 0.01 ng/mL, NSE 
91.27 ng/mL, CEA  
1,288 ng/mL

PSA 35.8 ng/mL, NSE  
20.26 ng/mL, CEA 3.56 ng/mL

PSA 0.128 ng/mL, 
NSE 15.64 ng/mL, 
CEA 117.5 ng/mL

Tumor size  
(LR × AP × SI) (cm3)

6.2×8.1×6.2 9.7×11.2×11.7 7.3×6.2×9.7 4.8×5.1×5.1

ADT before RT LHRHa + Bicalutamide → 
abiraterone

LHRHa + abiraterone LHRHa + Bicalutamide → 
abiraterone

LHRHa + apalutamide

Chemotherapy Yes, docetaxel + cisplatin  
6 cycles

Yes, docetaxel + cisplatin 
6 cycles

No No

RT schedule Prostate tumor: GTV_boost 24 
Gy/4 f, PTV 60 Gy/20 f, pelvic 
lymph node (PTV level) 40 
Gy/20 f

Right iliac bone 
metastases: GTV_boost 
27 Gy/3 f, GTV 60 Gy/20 f

Prostate tumor: GTV_boost  
24 Gy/4 f, PTV 60 Gy/25 f, GTV 
70 Gy/25 f, pelvic lymph node 
(PTV level) 47.5 Gy/25 f

Prostate tumor: GTV_
boost 24 Gy/4 f, PTV 
70 Gy/25 f, pelvic 
lymph node (PTV level) 
47.5 Gy/25 f

RT side effect Grade 1 fatigue, grade 1 
urinary frequency

Grade 2 skin side effect Grade 1 urinary frequency Grade 2 urinary 
frequency

Time since RT 
(months)

39 17 9 6

Local control Yes. pCR and stable until now Yes. No tumor signal on 
MR 12 months after RT

Yes. No tumor signal on MR  
6 months after RT

Yes. No tumor signal 
on MR 6 months after 
RT

Treatment after RT LHRHa + etoposide + PD-1 → 
abiraterone

LHRHa + docetaxel + 
cisplatin → olaparib

LHRHa + olaparib + abiraterone 
(6 months), discontinued due to 
side effects

LHRHa + apalutamide

ADT, androgen deprivation therapy; AP, anterior-posterior; CEA, carcinoembryonic antigen; CRPC, castration-resistant prostate cancer; 
f, fractions; GS, Gleason score; GTV, gross tumor volume; LHRHa, luteinizing hormone-releasing hormone agonist; LR, left-right; MR, 
magnetic resonance; NSE, neuron-specific enolase; pCR, pathological complete remission; PD-1, programmed cell death 1; PSA, 
prostate-specific antigen; PTV, planning target volume; RT, radiotherapy; SI, superior-inferior; TNM, tumor, node, metastasis. 
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A B

C D

Figure 5 Comparison of images of patient 3 before and 6 months after RT. (A,B) Axial fat-suppression T1-weighted image. (C,D) Coronal 
fat-suppression T2-weighted image. (A,C) The prostate tumor before RT and (B,D) 6 months after RT. RT, radiotherapy.

kill systemic tumor cells. Some studies have 
found that the killing of tumor cells by RT can 
activate an in-situ vaccine effect, upregulate major 
histocompatibility complex (MHC) molecules, 
promote T-cell epitope differentiation, and 
enhance the T-cell recognition of tumor cells to kill 
distant tumor cells and control distant metastasis. 
Therefore, SABR can have the dual effects of 
tumor reduction and immunity.

Therefore, patients exhibited good local control after 
RT. For patient 1, under the combined effect of local 
therapy and systemic therapy, the patient was still in a stable 
state more than 36 months after the diagnosis of t-NEPC. 
The overall RT doses of whole tumor reached 60 Gy/20 
f and BED3 reached 120 Gy, which reached the radical 

dose of prostate cancer. For the boost area, higher doses 
are required due to bulky tumor of t-NEPC. At the same 
time, it is necessary to reduce the dose of normal bladder 
wall in order to protect the bladder function and reduce 
the toxicity. So based on our center’s previous experience 
with P-SABR, a SABR boost (away from normal bladder 
wall) is given at a dose of 24 Gy/6 Gy/4 f as the first RT 
course. Compared to conventional RT, P-SABR can 
significantly enhance the bioequivalent dose of bulky tumor 
while ensuring the tolerance of normal organs, especially 
to protect the functional organs. Therefore, P-SABR is 
recommended for both the primary tumor and metastasis of 
t-NEPC patients with large masses (especially larger than  
5 cm). 

From the perspective of the treatment experience of 
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small cell lung cancer, NE tumors can be considered 
radiation-sensitive tumors. Therefore, prostate cancer with 
a large mass and NE differentiation should be treated with 
RT as early as possible, even in patients with high-volume 
metastases. RT can improve patients’ lower urinary tract 
symptoms, improve local control, and prolong the effective 
time of systemic therapy. In this case series, it was precisely 
because the primary lesion achieved a good effect through 
RT that subsequent systemic therapy could be performed.

Conclusions

This t-NEPC case and the other 3 patients listed in Table 1 
achieved good results after P-SABR. These results indicate 
that P-SABR is safe and effective in the treatment of a 
large prostate mass and may prolong the survival of these 
patients.
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Supplementary

Table S1 Changes in T-lymphocyte subsets before and during immunotherapy

No. Project
Prior to immunotherapy,  

2020-8-21 (%)
2 cycles, 2020-9-14 (%) 3 cycles, 2020-10-13 (%)

1 T-helper/inducer lymphocytes 60.4 56.9 30.6

2 Pure T-helper/inducer lymphocytes 11.2 9.1 0.8

3 Central memory T-helper/inducer 
lymphocytes

59.7 53.5 7.2

4 Effector T-helper/inducer lymphocytes 0.3 0.6 2.3

5 Effector memory T-helper/inducer 
lymphocytes

28.8 36.8 89.7

6 T-inhibitory/cytotoxic lymphocytes 34.3 34.7 59.1

7 Pure T-inhibitory/cytotoxic lymphocytes 5.4 5.3 0.7

8 Central memory T-inhibitory/cytotoxic 
lymphocytes

7.4 15.5 1.6

9 Effector T-inhibitory/cytotoxic 
lymphocytes

43.5 38.9 36.7

10 Effector memory T-inhibitory/cytotoxic 
lymphocytes

17.6 14.1 26.4

11 Cytotoxic T cells (Tc) 10.3 11.1 11.1

12 Inhibitory T cells (Ts) 23.8 23.5 47.8

13 CD4/CD8 ratio (Th/Ts) 1.76 1.64 0.52

14 Activated T-helper/inducer lymphocytes 9.7 9.3 16.8

15 Activated T-inhibitory/cytotoxic 
lymphocytes

12.1 46.8 29.5

16 Th1 cells 17.7 17.6 17.0

17 Th2 cells 15.8 21.8 8.4

18 Th17 cells 22.6 25.1 20.6

19 Th9 cells 4.6 3.7 4.0

20 Regulatory T cells (Tregs) 3.2 3.1 6.6
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Table S2 Treatment overview and changes in tumor markers

Date
Months between 

diagnosis
PSA (ng/mL) NSE (ng/mL) Pro-GRP (pg/mL) Treatment

2018/8/24 0 1,302 – – Confirmed; biopsy pathology: adenocarcinoma, 
GS4+5

2018/12/1 3 2.68 – – LHRHa + bicalutamide

2019/3/1 6 0.33 – – LHRHa + bicalutamide

2019/6/1 9 0.188 – – LHRHa + bicalutamide

2019/9/9 12 0.087 – – LHRHa + abiraterone

2020/1/13 16 0.098 – – Progression of prostate and bladder lesions; 2nd 
biopsy pathology: small-cell carcinoma; LHRHa + 
docetaxel + cisplatin

2020/6/8 21 0.089 – – 6 cycles of chemotherapy ended, LHRHa

2020/8/21 23 0.263 17.27 52.74 Progression of prostate and bladder lesions; LHRHa 
+ RT + PD-L1

2020/10/9 25 0.397 12.48 58.18 Radiotherapy ended, LHRHa + PD-L1

2020/11/26 27 0.727 12.3 – LHRHa + etoposide + carboplatin + PD-1

2021/3/1 30 1.38 – – Concurrent. PR, metastatic lymph nodes reduced

2021/9/1 36 10.03 – – After 6 cycles of intravenous chemotherapy, 
continued maintenance therapy, LHRHa + oral 
etoposide + PD-1

2021/11/4 38 15.71 – – Concurrent

2022/1/7 40 18.50 – – Progression of left sacroiliac joint bone metastasis 
LHRHa + oral etoposide + PD-1 + enzalutamide

PSA, prostate-specific antigen; NSE, neuron-specific enolase; GRP, gastrin-releasing peptide; GS, Gleason score; LHRHa, luteinizing 
hormone-releasing hormone agonist; PD-1, programmed cell death 1; PD-L1, programmed cell death 1 ligand 1; PR, partial response; RT, 
radiotherapy.
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Table S3 Recommendations for NEPC-related markers

No. Gene/marker name

Gene up-regulation

1 Synaptophysin/major synaptic vesicle protein p38 (SYP)

2 Chromogranin A and B (CHGA/CHGB)

3 Aurora kinase A (AURKA)

4 Neuroblastoma-derived v-myc avian myelocytomatosis viral-related oncogene (N-MYC)

5 Enhancer of zeste 2 polycomb repressive complex 2 subunit (EZH2)

6 Neuron-specific enolase (NSE/ENO2)

7 Calcitonin (CALC1)

8 Secretogranin II (SCG2) and III (SCG3)

9 Vasoactive intestinal peptide (VIP)

10 Gastrin-releasing peptide (GRP)

11 NK2 homeobox 1 (NKX2.1)/thyroid transcription factor 1 (TTF-1) and NKX2.2

12 Neural cell adhesion molecule (NCAM1/CD56)

13 Forkhead Box A2 (FOXA2)

14 WNT11

15 POU class 3 homeobox 2 (POU3F2/BRN2)

16 Serine/arginine repetitive matrix 4 (SRRM4) (RNA splicing factor)

17 Sex determining region Y (SRY)-Box 2 (SOX2) and SOX11

18 Carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAM5) or CD63E

19 Human achaete-scute homolog 1 (ASH1/ASCL1)

20 Paternally expressed gene 10 (PEG10)

21 TMPRSS2-ERG gene rearrangement

22 P16 or cyclin-dependent kinase inhibitor 2A

23 Delta-like protein 3 (DLL3)

Gene deletion/down-regulation

1 Androgen receptor (AR)

2 Prostate-specific antigen/kallikrein-3 (PSA/KLK3)

3 Retinoblastoma tumor-suppressor gene (RB1) and TP53

4 Forkhead Box A1 (FOXA1)

5 PTEN/AKT1

6 RE1 silencing transcription factor (REST)

7 Tumor suppressor CYLD

8 SAM pointed domain-containing ETS transcription factor (SPDEF)

9 Cyclin D1

NEPC, neuroendocrine prostate cancer.


