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patients

Zheng Ma'!, Minjun Jiang? Jianchun Chen?, Gang Shen?, Yongqiang Zhou?, Gang Li?

Department of Urology, the first affiliated Hospital of Soochow University, Suzhou 215000, China. 2Department of Urology,
Suzhou ninth People’s Hospital affiliated to Nantong University, Suzhou 215200, China.

Summary

Purpose: To investigate the influence of castration on insu-
lin resistance, quality of life and immune function of pros-
tate cancer (PCa) patients.

Methods: A total of 57 PCa patients definitely diagnosed
via prostate biopsy underwent bilateral orchiectomy. No pa-
tient had history of diabetes mellitus before operation. The
hemoglobin, leukocyte count, platelet count, albumin and
alkaline phosphatase in the blood before operation and at 1
year after operation were analyzed using a full-automatic
biochemistry analyzer, and the neutrophil/lymphocyte ratio
(NLR) and platelet/lymphocyte ratio (PLR) in the peripheral
blood were calculated.

Results: The levels of serum testosterone (T) and free testos-
terone (FT) in PCa patients declined remarkably at 1 month
after castration. Compared with those before operation, the
levels of serum T and FT were decreased significantly at 1,
2, 4 and 8 months as well as 1 year after castration. The
levels of triglyceride (TG), total cholesterol (TC) and low-

Introduction

Prostate cancer (PCa) is the most frequently
diagnosed malignancy in males around the world.
There are 1.1 million new cases of PCa in China
every year, and it is the second leading cause of
cancer-related death of men [1-3]. Currently, pros-
tate-specific antigen (PSA) screening can be used
for early diagnosis of PCa [4,5]. The complete treat-
ment plan for PCa includes prostatectomy and ad-

density lipoprotein cholesterol (LDL-C) were elevated gradu-
ally with the prolongation of time after operation. The level
of high-density lipoprotein cholesterol (HDL-C) displayed an
apparent rising trend from 2 months after surgical castra-
tion. The results of flow cytometry indicated that the levels
of cluster of differentiation (CD) 4 and CD4'/CD8* were low-
ered markedly, while that of CD8* was raised significantly
in comparison with those before castration (p<0.05) After
castration, both fasting blood glucose and fasting insulin
were increased obviously in the patients (p<0.05). The 2 h
postprandial blood glucose and insulin were raised distinctly
at 1 month after castration (p<0.05). The insulin resistance
index was increased persistently and prominently (p<0.05).

Conclusion: The treatment of PCa through castration can
aggravate the insulin resistance, reduce the immune function
and improve the patient quality of life.

Key words: castration, prostate cancer, insulin resistance,
immune function, quality of life

juvant radiotherapy firstly. Subsequently, the tes-
tosterone (T) level is lowered by blocking androgen
receptors on PCa cells using castration or lutein-
izing hormone releasing hormone, which is known
as androgen deprivation therapy (ADT) [6-8]. ADT
is employed for the initial treatment of PCa besides
prostatectomy, radiotherapy and chemotherapy. As
for the PCa patients treated with ADT in the clinic,
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the endocrine disorder still affects the later nursing
of PCa and finally triggers castration resistance [9].
However, the mechanism of castration resistance
has not been clarified so far [10].

Castration therapy, also known as ADT, refers
to a treatment where the male organs (adrenal
gland and testis) secreting androgen are resected
by means of surgery or the secretion of androgen is
repressed by medicines, so as to reduce the andro-
gen in vivo [11]. It is the treatment of first choice
for advanced PCa patients. Studies have shown that
the androgen secretion inhibited by medicines will
cause metabolic disorders of blood glucose and li-
pid. The low T level in vivo can not only enhance the
response of insulin resistance in males [12] but also
increase the risks of arteriosclerosis and cardio-
vascular disease [13]. However, surgical castration
has been regarded as the gold standard of castra-
tion therapy, which can efficiently and irreversibly
decrease the androgen level to that required for
castration. Nevertheless, such an irreversible de-
crease in androgen also increases the risks of arte-
riosclerosis, cardiovascular disease and metabolic
disorders of blood glucose and lipids [14].

Although both medical and surgical castra-
tions have certain therapeutic effects on PCa, the
long-term treatments will cause metabolic disor-
ders. There has been no study on the influence of
surgical castration on insulin resistance, quality of
life and immune function of PCa patients. In this
research, the impact of surgical castration on the
metabolism and quality of life of PCa patients were
explored by means of blood lipid, blood glucose,
blood routine tests and a questionnaire survey be-
fore and after operation, so as to provide some ex-
perimental bases for the clinical treatment of PCa.

Methods

Materials

A total of 57 patients definitely diagnosed with PCa
via pathological prostate biopsy and without the pos-
sibility of type 2 diabetes mellitus in our hospital from
June 2015 to June 2017 were selected as the study sub-
jects. There were 3 patients aged 30-39 years, 14 aged
40-49, 17 aged 50-59, 19 aged 60-69 and 4 aged over 70
years. Concerning clinical stage, there were 10 cases in
stage TsNoM,, 21 in stage TsN;M,, 7 in stage T4NoM,
and 19 in stage T,N;M,. Eleven patients had a Gleason
score <7, and 46 >8. All the patients were surgically
castrated. The acquisition of case data was implemented
after consultation with the patients and their families,
and informed consent was signed. The Ethics Committee
approved the study. All the experimental subjects were
followed up for 1 year, and specimens were obtained on
time for evaluation.

Full-automatic biochemistry analyzer, electric
thermostat, microplate reader, flow cytometer and de-

tection kits of hexokinase, T, serum free T (FT), total
cholesterol (TC), triglycerides (TG), low-density lipo-
protein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), apolipoprotein Al (APO-Al) and
APO-B were purchased from Invitrogen (Carlsbad, CA,
USA). The detection kits of cluster of differentiation (CD)
4+, CD8* and NK cells were bought from BD (Franklin
Lakes, NJ, USA)

Methods
Enzyme-linked immunoassay

After diagnosis and hospitalization, blood was col-
lected from all the patients at 6 time points: before cas-
tration and at 1, 2, 4, 8 and 12 months after castration.
Fasting blood glucose and insulin were collected 12 h
after the deprivation of food and water, and the blood
was drawn from the patients in resting state the next
early morning. After that, the serum was separated and
labeled and serum the levels of T, FT, hexokinase, in-
sulin, TG, TC, LDL-C, HDL-C, APO-A1l and APO-B were
measured according to the instructions of corresponding
kits. The kits were stabilized at room temperature for 20
min, the standards were diluted at multiple proportions
using diluents, and standard, sample and blank wells
were set. Fifty pL of standards at different concentrations
were added into each standard well. Ten pL of samples
and 40 pL of sample diluent were added into each sam-
ple well, that is, the samples were diluted at 1:5. No
reagents were added in the blank wells. A hundred pL
of horseradish peroxidase-labeled antibodies were added
into the standard and sample wells, followed by plate
sealing and incubation at 37°C for 60 min. Then, the
liquids were discarded, 300 pL of digestive lotion were
added and placed for 2 min, and the plate was dried with
absorbent paper. Those steps were repeated for 5 times.
After that, 50 pL of color developer A and 50 pL of color
developer B were added for incubation in the dark at
37°C for 15 min. Finally, 50 pL of stop buffer was added,
and the optical density (OD) value at the wavelength
of 450 nm in each well was determined by microplate
reader.

Blood biochemical examination

A total of 5 mL fasting blood was drawn from
every patient in the early morning of examination day
before castration and at 1 year after castration, followed
by centrifugation at 3,000 rpm for 10 min and blood
routine tests using full-automatic biochemistry ana-
lyzer. The leukocyte count, hemoglobin, alkaline phos-
phatase, mean corpuscular hemoglobin (MCH), MCH
concentration (MCHC) and red cell distribution width
(RDW) in the whole blood were detected. The differences
in bone mineral density (BMD) of femoral neck before
and after castration were compared through Z-score.
Z-SCOI'e = BMD measured value ~ BMD expected value of healthy subjects
with the same age/ BMD standard deviation of healthy subjects with the same age- The
patients with BMD more than 2.5 standard deviations
below the normal value were diagnosed with osteoporo-
sis. Gastrointestinal symptom rating scale (GSRS) score
was applied to evaluate the gastrointestinal function
before and after castration.
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Flow cytometry

Whole blood (100 pL) was taken before castration
and at 1 month after castration separately and then
added with anticoagulants in accordance with the steps
in the kit instructions. Centrifuge tubes containing the
anti-coagulated whole blood were added with 20 pL of
lymphocyte subset reagents, mixed at room temperature
in the dark and incubated for 15 min. Next, 2 mL of he-
molysin were added, mixed at room temperature in the
dark and incubated for 8 min, followed by centrifugation
at 1,000 rpm for 10 min, discarding of the supernatant,
resuspension with phosphate buffered saline (PBS) and
detection using flow cytometer.

Questionnaire

Functional Assessment of Cancer Therapy-Prostate
(FACT-P) questionnaire translated into Chinese was
adopted for all the patients at the time of blood reexami-
nation before castration and at 1 year after castration.
There are 47 questions in total in the questionnaire, in-
cluding 8 questions about physical status, 8 about social
and familial situations, 3 about doctor-patient relation-
ship, 15 about emotional and living situations, and 13
about PCa-specific quality of life. All the questions were
graded 0-4, in which O stands for no, 1 for a little, 2 for
some, 3 for much, and 4 for very much. The sum of all
the questions consists of the FACT-G.

Statistics

SPSS 18.0 (SPSS Inc., Chicago, IL, USA) was em-
ployed to analyze all the data. The measurement data
were presented as mean + standard deviation. Spear-

man'’s rank correlation test was performed to analyze the
relationship between T and blood lipid, with a=0.05 as
the threshold of significance. Univariate and multivari-
ate analyses and t-test were used to compare data among
different groups and p<0.05 suggested that the difference
was statistically significant.

Results

Content of T, FT and blood lipid in patients at different
time points before and after castration

The levels of serum T and FT in all the PCa
patients declined remarkably 1 month after castra-
tion (p<0.05) (Table 1). Besides, the levels exhibited
consistent declining trend 2, 4, 8 and 12 months
after castration, and reached and maintained at the
lowest level 8 months after castration. Compared
with those before operation, the levels of serum
T and FT were decreased notably at 1, 2, 4 and
8 months as well as 1 year after castration, with
statistically significant differences (p<0.05). The
content of APO-A1l and APO-B declined first and
then rose, without statistically significant differ-
ences (p>0.05). The levels of TG, TC and LDL-C
elevated gradually with the passing of time after
operation, and the differences were statistically
significant (p<0.05). The level of HDL-C displayed
a gradual decrease trend, but it was on remarkable
rise 2 months after surgical castration, with statis-
tically significant differences (p<0.05). The results

Table 1. Changes in levels of T, FT and blood lipid in patients before and after castration (mean+SD)

Before operation After operation
1 month 2 months 4 months 8 months 1 year
T (mg/mL) 4.46+0.32 0.45+0.07* 0.39+0.06* 0.3+0.07* 0.27+0.04* 0.26+0.59*
FT (pmol/L) 35.10+3.48 2.16+0.66* 2.07+0.16* 1.94+0.18* 1.89+£0.47* 1.88+0.46*
TG (mmol/L) 1.5+0.4 1.7+0.1* 1.8+0.2* 2.1+0.5* 2.4+0.6* 24+0.5*
TC (mmol/L) 3.7+0.2 3.8+0.4 5.4+0.5% 5.7+0.1* 6.4+0.1* 6.5£0.4*
LDL-C (mmol/L) 1.8+0.3 2.1+0.4* 2.9+0.6* 3.2+0.7* 3.8+0.3* 4.1+0.7*
HDL-C (mmol/L) 1.8+0.7 1.7+0.8 1.6+0.4* 1.5+0.8* 1.3+0.5*% 1.4+0.8*
APO-A1 (g/L) 14+0.4 1.2+0.6 1.2+0.2 1.3+0.3 1.3+0.3 1.4+0.3
APO-B (g/L) 1.0+0.3 0.7+0.4 0.8+0.3 0.8+0.4 0.9+0.2 1.0£0.6

*p<0.05 vs. before operation. T: testosterone, FT: free testosterone, TG: triglyceride, TC: total cholesterol, LDL-C: low-density lipoprotein
cholesterol, HDL-C: high-density lipoprotein cholesterol, APO-A1: apolipoprotein Al, APO-B: apolipoprotein B

Table 2. Correlation between T and blood lipid

TG TC LDL-C HDL-C APO-Al APO-B
T -0.543 -0.737 -0.744 0.513 -0.016 0.003
FT -0427 -0.541 -0.539 0426 0.156 -0.072

T: testosterone, FT: free testosterone, TG: triglyceride, TC: total cholesterol, LDL-C: low-density lipoprotein cholesterol, HDL-C: high-density
lipoprotein cholesterol, APO-A1: apolipoprotein Al, APO-B: apolipoprotein B
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Table 3. Comparisons of T-lymphocyte subsets in patients before and after castration (mean+SD)
CD4* (%) CD8* (%) CD4+/CD8*
Before operation 41.6+84 25.7+4.1 1.61£043
After operation 30.7+6.4* 34.5+7.1% 0.89+0.19*
*p<0.05 vs. before castration
Table 4. Changes in serum glucose before and after castration (mean+SD)
Blood glucose (mmol/L) Before operation After operation
1 month 2 months 4 months 8 months 1 year
Fasting 521+2.74 548+0.32* 5.84+0.57* 6.06+0.72* 6.21+0.35* 6.48+0.92*
0.5 h postprandial 7.24+0.35 7.74+0.67* 8.04+1.71*% 8.67+0.56* 9.13+0.84* 9.57+0.58*
1 h postprandial 9.31+0.45 10.11+041* 10.45£0.36* 10.67+0.95* 10.81+1.04* 11.03+1.18*
2 h postprandial 5.88+0.38 6.71+£0.31* 6.91+0.34* 7.31+0.25* 7.66+0.33* 7.82+0.57*
3 h postprandial 4.57+0.31 6.13+0.28* 0.26+1.41* 6.54+0.48* 6.85+0.31* 6.91+£0.89*
*p<0.05 vs. before castration
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Figure 1. Insulin releasing curves in different time periods &
after operation. q,é
&

of Spearman’s rank correlation test (Table 2) indi-
cated that the serum T and FT levels had positive
correlations with HDL-C, negative relations with
TG, TC and LDL-C, but no associations with APO-
Al and APO-B.

Impacts of castration on T-lymphocyte subsets

The levels of CD4* and CD4*/CD8* in the pa-
tients were lowered markedly (p<0.05), while that
of CD8" raised evidently 1 month after castration
in comparison with those before castration (p<0.05)
(Table 3).

Content of serum hexokinase and insulin before and
after castration

After castration, both fasting blood glucose
(Table 4) and fasting insulin (Table 5, Figure 1)
increased significantly in all the patients (p<0.05).
The 2-h postprandial blood glucose and insulin
were distinctly higher 1 month after castration
than those before operation (p<0.05). During the

Figure 2. Insulin resistance indexes after castration.
*p<0.05 vs. before castration.

1-year follow-up after castration, the detection of
insulin levels at 5 time points after operation and
4 time points after meal revealed that the insulin
resistance index was increased persistently and
prominently, with statistically significant differ-
ence (p<0.05) (Figure 2).

Impact of castration on the quality of life of PCa
patients

The patient quality of life was described by
means of FACT-P questionnaire from 6 aspects,
namely physical status, social and familial situ-
ations, living conditions, emotional situation,
doctor-patient relationship and PCa-specific qual-
ity of life (Table 6). The patients had no apparent
inadaptability before and after castration, and the
majority of the patient families could accept the
castration. About 85% of the patients established a

JBUON 2020; 25(2): 1151
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Table 5. Changes in serum insulin before and after castration (mean+SD)

Insulin (ulU/mL) Before operation After operation

1 month 2 months 4 months 8 months 1 year
Fasting 7.65+£0.34 10.57+0.58* 11.23+£1.08* 12.55+0.68* 13.30+1.20* 14.09+£1.91*
0.5 h postprandial 39.76+2.68 37.64+2.32* 35.44+1.85*% 34.16+3.11% 32.06+£2.58* 31.56+3.18*
1 h postprandial 24.33+1.91 36.25+2.56* 39.35+2.68* 42.05+2.78* 4548+3.11* 47.70+2.59*
2 h postprandial 14.35+0.98 21.34+1.81* 23.64+1.35*% 26.60+2.06* 29.56£1.32* 31.35+£3.01*
3 h postprandial 13.44+0.35 15.48+0.25* 17.57+1.04* 18.48+1.19* 20.31+1.85* 21.81+2.68*

*p<0.05 vs. before castration

Table 6. Impacts of castration for PCa on patient’s quality of life scores (mean+SD)

Physical status  Social/familial ~ Doctor-patient Emotion Living condition PCa-specific
situation relationship quality of life

Before operation 548+3.21 16.24+4.61 74.01+1.12 6.40+4.27 20.31+6.31 16.56+7.12
After operation 10.62+5.08* 13.48+6.22 6.67+2.43* 7.52+5.04 10.07+8.11* 21.64+10.37*

*p<0.05 vs. before castration

Table 7. Comparisons of evaluation indexes before and after castration (mean+SD)

MCH (pg) MCHC (g/L) RDW (%) BMD Z-score of  BMD Z-score of GSRS score

lumbar vertebra  femoral neck
Before operation 31.44+1.71 339.67+12.34 12.67+0.77 -(0.9£0.7) -(0.7£0.3) 1.33+1.13
After operation 31.27+1.64 347.34+18.89 13.76+£1.46 -(1.6£0.7) -(1.8£0.3) 5.38+4.03

MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration, RDW: red cell distribution width, BMD: bone

mineral density, GSRS: gastrointestinal symptom rating scale

good relationship with the doctors, about 15% felt
worsened physical status after castration, nearly
93% had greatly improved physical status and liv-
ing conditions after operation, approximately 84%
experienced no sexual life within 1 year before cas-
tration, and only about 4% had erectile function
before castration.

Changes in evaluation indexes before and after
castration

The MCHC, MCH, BMD, RDW and GSRS score
of the PCa patients were detected using the serum
before and after castration. Compared with those
before castration, the BMD Z-scores of lumbar ver-
tebra and femoral neck were significantly reduced
(p<0.05), while the GSRS score was significantly
increased (p<0.05). However, the differences in
MCHC, MCH and RDW were not statistically sig-
nificant (p>0.05) (Table 7).

Discussion
It is estimated that there are 164,690 new cas-

es of PCa every year, the most common cancer in
males in the United States, and PCa has become the

JBUON 2020; 25(2): 1152

second most common cause of death from cancer
among men following lung cancer [15]. Approxi-
mately 300,000 people die of PCa every year world-
wide. The mortality rate of PCa has been decreased
by 52% over the past two decades due to early de-
tection, improvement in screening and progress in
treatment [16]. In China, however, the morbidity
and mortality rates of PCa are increasing each year
along with the aging of urban residents, high-speed
development of economy, qualitative leap in peo-
ple’s living standard and changes in lifestyle at the
same time [17]. Currently, PSA screening has been
paid great attention by a large number of males
[18], but it is hard to be popularized in the cities
and countrysides with less developed economy be-
cause of the cost. Most PCa patients have been in
intermediate and advanced stages when clinically
diagnosed, and some of them have to give up treat-
ment because the cost of endocrine therapy is fairly
high.

Castration therapy, also known as ADT, is the
pivotal treatment for the patients suffering from
recurrent or advanced PCa [19]. Hormone therapies
generally can control the disease for several years,
with satisfactory effects, and they are even applica-
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ble to patients with bone or soft tissue metastases
[20]. There are two types of ADT, one is medical
castration that utilizes medicines to inhibit the
secretion of androgen, and the other one is surgi-
cal castration in which the male organs (adrenal
gland and testis) secreting androgen are surgical-
ly resected [21]. Research has shown that medical
castration can increase the expressions of TGF-f,
c-Fos and c-Myc in epithelial cells and induce cell
apoptosis by reducing or blocking the stimulation
of androgen to prostatic epithelial cells, thereby
reducing the tumor size and alleviating the dis-
ease [22]. Nevertheless, the extreme decreases in
androgen in vivo will cause metabolic disorders of
glucose, lipid and insulin and trigger inflammatory
responses in the body, finally inducing cardiovas-
cular diseases [23]. On the other hand, surgical cas-
tration, as the gold standard of castration therapy
[24], can efficiently and irreversibly decrease the
androgen level to that required for castration, and
it is particularly favored by the patients for its low
expense and simple and safe procedures. However,
the lowered androgen after operation will lead to
androgen-independent PCa and bring a heavy psy-
chological burden to the patients [25].

In this research, 57 PCa patients were treated
with surgical castration. The content of serum T
and FT declined continuously and dramatically
within 1 year after castration (p<0.05), which was
decreased and kept at the minimum at 8 months
after castration, suggesting that castration can ef-
fectively control the androgen content in the pa-
tients in a long-term and irreversible manner. The
glucose and insulin levels in the serum were deter-
mined at 5 time points after operation and 4 time
points after meal within 1 year after castration, and
it was revealed that those levels rose remarkably
(p<0.05), and the insulin resistance index increased
persistently and prominently (p<0.05), indicating
that the insulin resistance in the patients is ag-
gravated after castration, and it becomes severer
as the time is extended. According to the results in
this research, the levels of serum TG, TC and LDL-C

References

1. Huggins C, Hodges CV. Studies on prostatic cancer. I.
The effect of castration, of estrogen and androgen injec-
tion on serum phosphatases in metastatic carcinoma of
the prostate. CA Cancer J Clin 1972;22:232-40.

2. Hao Q, Gong H, Zong H et al. Aspirin use improves the
biochemical control of prostate cancer in Chinese men.
J BUON 2018;23:1803-8.

were notably elevated from 1 month after castra-
tion compared with those before operation, while
no significant differences were observed in APO-
Al and APO-B levels at various time points before
and after operation. The reason may be that T can
reduce the synthesis of TG and TC and promote the
hydrolysis of VLDL-C by influencing the tricarbo-
xylic acid cycle. Both T and FT at relatively low
concentrations probably increase the risks of arte-
riosclerosis and coronary heart disease. As for the
postoperative lymphocyte subsets in the blood, the
levels of CD4* and CD4+*/CD8* were markedly low-
ered, but those of CD8* were significantly elevated,
illustrating that castration has great impact on the
immune function of the patients, that is, it weakens
the immune function. The FACT-P questionnaire
demonstrated that despite the corresponding side
effects after castration, the postoperative quality
of life of the patients were clearly improved, and
a good relationship with mutual trust was estab-
lished between the patients and the doctors. The
blood tests before and after castration indicated
that castration did not affect the leukocytes, albu-
mins, platelets, alkaline phosphatase, MCH, MCHC,
RDW and BMD in the blood of the patients, imply-
ing that castration has no influence on the immuni-
ty of PCa patients. However, the relevant responses
in the body triggered by inhibition of androgen are
complex due to numerous factors caused by the
operation, which were not completely elaborated
in this paper and in-depth studies should be con-
ducted in the future.

Conclusions

The treatment of PCa through castration can
aggravate the insulin resistance, reduce the im-
mune function and improve the patient quality of
life.

Conflict of interests

The authors declare no conflict of interests.

3. Richter], Jirasek T, Havlickova I et al. The expression of
PD-L1 in patients with castrate prostate cancer treated
with enzalutamide. ] BUON 2018;23:1796-1802.

4. Ziaran S, Goncalves FM, Breza JS. Bone mineral den-
sity, pathological fractures and bisphosphonate therapy
in prostate cancer patients on androgen deprivation
therapy. Endocr Regul 2011;45:199-204.

JBUON 2020; 25(2): 1153



1154

Castration in prostate cancer

10.

11.

12.

13.

14.

15.

Gupta S, Mukhtar H. Green tea and prostate cancer.
Urol Clin North Am 2002;29:49-57.

Hsieh K, Albertsen PC. Populations at high risk for
prostate cancer. Urol Clin North Am 2003;30:669-76.

Mohler JL, Titus MA, Bai S et al. Activation of the an-
drogen receptor by intratumoral bioconversion of an-
drostanediol to dihydrotestosterone in prostate cancer.
Cancer Res 2011;71:1486-96.

Cerasuolo M, Paris D, Iannotti FA et al. Neuroendocrine
Transdifferentiation in Human Prostate Cancer Cells:
An Integrated Approach. Cancer Res 2015;75:2975-86.

Noble AR, Maitland NJ, Berney DM, Rumsby MG.
Phospholipase D inhibitors reduce human prostate can-
cer cell proliferation and colony formation. Br J Cancer
2018;118:189-199.

Beltran H, Tagawa ST, Park K et al. Challenges in rec-
ognizing treatment-related neuroendocrine prostate
cancer. J Clin Oncol 2012;30:e386-89.

Tagawa ST. Neuroendocrine prostate cancer after hor-
monal therapy: knowing is half the battle. J Clin Oncol
2014;32:3360-64.

Niedworok C, Tschirdewahn S, Reis H et al. Serum
Chromogranin A as a Complementary Marker for the
Prediction of Prostate Cancer-Specific Survival. Pathol
Oncol Res 2017;23:643-50.

Dong B, Fan L, Wang Y et al. Influence of abiraterone
acetate on neuroendocrine differentiation in chemo-
therapy-naive metastatic castration-resistant prostate
cancer. Prostate 2017;77:1373-80.

von Hardenberg ], Schwartz M, Werner T et al. Pro-
spective Evaluation of Neuromediator Dynamics in
Castration-Resistant Prostate Cancer Patients During
Docetaxel. Anticancer Res 2017;37:5117-24.

Yan CQ, Lu YH, Tang SM, Fan WX. MiR-519d inhibits
prostate cancer cell proliferation, cycle and invasion
via targeting NRBP1. Eur Rev Med Pharmacol Sci
2018;22:2985-90.

JBUON 2020; 25(2): 1154

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

You B, Zhang KC. MicroRNA-144-3p inhibits cell prolif-
eration and promotes apoptosis in castration-resistant
prostate cancer by targeting CEP55. Eur Rev Med Phar-
macol Sci 2018;22:7660-70.

Hope TA, Aggarwal R, Simko JP, VanBrocklin HF, Ryan
CJ. Somatostatin imaging of neuroendocrine-differen-
tiated prostate cancer. Clin Nucl Med 2015;40:540-1.

Jain S, Saxena S, Kumar A. Epidemiology of prostate
cancer in India. Meta Gene 2014;2:596-605.

D’Angelillo RM, Greco C, Fiore M et al. Somatosta-
tin analogs and disease control in castration-resistant
prostate cancer: different biological behavior? Case se-
ries and review of the literature. Tumori 2014;100:249-
53.

Matei DV, Renne G, Pimentel M et al. Neuroendocrine
differentiation in castration-resistant prostate cancer: a
systematic diagnostic attempt. Clin Genitourin Cancer
2012;10:164-753.

Ablin RJ. The United States Preventive Services Task
Force recommendation against prostate-specific anti-
gen screening--point. Cancer Epidemiol Biomarkers
Prev 2012;21:391-4.

Bibbins-Domingo K, Grossman DC, Curry SJ. The US
Preventive Services Task Force 2017 Draft Recom-
mendation Statement on Screening for Prostate Can-
cer: An Invitation to Review and Comment. JAMA
2017;317:1949-50.

Wang X, Kruithof-de JM, Economides KD et al. A lu-
minal epithelial stem cell that is a cell of origin for
prostate cancer. Nature 2009;461:495-500.

Quek ML, Daneshmand S, Rodrigo S et al. Prognostic
significance of neuroendocrine expression in lymph
node-positive prostate cancer. Urology 2006;67:1247-
52.

Beltran H, Prandi D, Mosquera JM et al. Divergent
clonal evolution of castration-resistant neuroendocrine
prostate cancer. Nat Med 2016;22:298-305.



