
Abstract. Background/Aim: Androgen-androgen receptor
(AR) signal is known as a powerful driver of prostate cancer
progression. We previously reported the limitation of prostate-
specific antigen (PSA) at diagnosis as a prognostic biomarker
of prostate cancer. Although serum total testosterone (TT)
level has been reported as a prognostic biomarker for prostate
cancer, its usability is still controversial. We examined the
potential and characteristics of TT as a biomarker. Patients
and Methods: Serum TT levels of patients who underwent
prostate biopsy were measured, and prostate cancer-specific
survival (PCaSS), overall survival (OS), and the correlation
between staging and serum TT level were analyzed. Results:
Of 379 biopsied patients, 255 were diagnosed with prostate
cancer. The patients were divided into five groups according
to their serum TT levels; patients with serum TT levels of <2
or ≥8 ng/ml (ENDs) had worse PCaSS and OS compared with
those with middle serum TT levels between 2 and 8 ng/ml
(MIDs). Moreover, ENDs showed a tendency of having
castration-resistant cancer with advanced stage (T4 or N1 or
M1). The TNM stage in ENDs was significantly higher than
in MIDs. Conclusion: Although low serum TT level has been
reported to indicate worse outcome in patients with prostate
cancer, this study showed that both low as well as high serum
TT levels indicate poor prognosis.

Prostate cancer is the most common malignancy and the
second leading cause of cancer death in males in the United
States (1). Because androgen-androgen receptor (AR)
signaling promotes prostate cancer progression, standard

treatment for patients with advanced prostate cancer utilizes
androgen-deprivation therapy (ADT) (2). However, prostate
cancer often progresses to castration-resistant prostate cancer
(CRPC) after several years of ADT (3). Although prostate-
specific antigen (PSA), which is an AR-controlled secreted
protein, is a reliable biomarker for prostate cancer, we
previously reported the limitation of PSA levels at diagnosis
as a prognostic biomarker of prostate cancer. Patients with
prostate cancer with low PSA levels of <3.5 ng/ml
paradoxically had a more advanced stage of cancer compared
with those with PSA levels between 3.5 and 10 ng/mL (4).
Conversely, we also reported the reduced significance of
PSA at diagnosis when the level was >100 ng/ml (5).

Although serum total testosterone (TT) has been reported
as a prostate cancer prognostic biomarker, its usability is still
controversial. Prostate cancer decreases the serum TT level
with a negative feedback from the hypothalamic–pituitary
axis (6). Although a higher serum TT level is predictive of
response to ADT, indicating good prognosis in patients at the
metastatic stage, it was also associated with the stage
progression of prostate cancer (7). In this study, we
examined the potential and characteristics of TT as a prostate
cancer biomarker by analyzing serum TT levels of patients
with prostate cancer diagnosed by prostate cancer biopsy.

Patients and Methods
Patients. Japanese patients who underwent prostate biopsy and who
were diagnosed with prostate cancer at the Kanazawa University
Hospital between 2007 and 2013 were enrolled in the study. Serum
TT levels of patients at diagnosis were measured, and prostate
cancer-specific survival (PCaSS), overall survival (OS), CRPC-free
survival (CFS), and the correlation between TNM stage and serum
TT level and between Gleason score (GS) and serum TT levels were
analyzed using patient charts. Serum levels of each biomarker were
measured using commercially available kits according to the
suppliers’ instruction manuals: TT (Roche, Basel, Switzerland), PSA
(Beckman Coulter, Brea, CA, USA), and CCL2 (R&D Systems,
Minneapolis, MN, USA). Studies were performed after receiving
approval from the Medical Ethics Committee of Kanazawa
University.
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Definitions. We used the sixth edition of the TNM Classification of
Malignant Tumors (Union for International Cancer Control) for the
determination of TNM staging. The highest calculated GS at biopsy
was used in this study. ADT included surgical castration,
monotherapy using a luteinizing hormone-releasing hormone (LH-
RH) analog or antagonist, and combined therapy using
antiandrogens and an LH-RH analog or antagonist. CRPC was
defined as the status of at least three consecutive elevations of PSA
level or a change in antiandrogen due to disease progression.

Statistical analyses. Statistical analyses were performed using
commercially available GraphPad Prism software (GraphPad, San
Diego, CA, USA). Comparisons between the two groups were made
using unpaired two-sided t-tests, Fisher’s exact tests, and Chi-
squared tests for trends. OS, PCaSS, and CFS were estimated using

the Kaplan–Meier method. Log-rank test was used for comparison
of survival distributions. In all analyses, a p-value of <0.05 was
considered statistically significant.

Results
Of 379 biopsied patients, 255 were diagnosed with prostate
cancer. Median age and serum TT level was 69 years
(range=46-89) and 4.6 ng/mL (range=1.411.7), respectively.
There were no significant correlations between TT and age
and between TT and PSA (Figure 1A and B), consistent with
our previous report on men without cancer (8). The patients
were divided into five groups according to their serum TT
levels at diagnosis: (i) patients with a low serum TT level,

ANTICANCER RESEARCH 37: 5559-5564 (2017)

5560

Figure 1. Correlation between age and serum TT level and between PSA and serum TT level. (A) The correlation between age and serum TT level
was analyzed [p=0.9935 and Pearson’s correlation coefficient (r)=0.0005]. (B) The correlation between age and serum TT level was analyzed
(p=0.3836 and r=−0.0548) and r was calculated (n=255).

Figure 2. Kaplan–Meier analyses of OS based on serum TT level. (A) Patients were divided into five groups according to their serum TT levels per
every 2 ng/mL. (B) Patients with the lowest (<2 ng/ml, n=7) or highest (≥8 ng/ml, n=21) serum TT levels were defined as ENDs and those with a
middle serum TT levels including 2≤ TT <4 (n=95), ≤4 TT <6 (n=94), and ≤6 TT <8 ng/ml (n=38) were defined as MIDs. OS of ENDs and MIDs
were analyzed (p=0.0002). Log-rank test was used for the comparison of survival distributions.



i.e., <2 (n=7) and (ii) those with a high serum TT level, i.e.,
≥8 ng/mL (n=21), were together defined as “ENDs,” and (iii)
those with a middle serum TT level between ≥2 and <4
ng/mL (n=95), (iv) those with a level between ≥4 and <6
ng/mL (n=94), and (v) those with a level between ≥6 and <8
ng/mL (n=38), were together termed as “MIDs” (Figure 2A
and B). ENDs had worse OS and PCaSS compared with
MIDs (Figure 3A and B). Moreover, ENDs showed worse
CFS with advanced stage (T4 or N1 or M1) (Figure 4A and
B). Higher T and M stages were observed in ENDs than in
MIDs (Figure 5A and C). There were no significant

differences in N stage and GS between ENDs and MIDs
(Figures 5B and D). However, the percentage of GS=6 in
ENDs and MIDs was 14.3% and 24.2%, respectively, and the
percentage of GS=9 or 10 in ENDs and MIDs was 25.0%
and 16.7%, respectively, indicating that ENDs tended to have
higher GS than MIDs. Overall patient characteristics are
shown in Table I. Although there were no differences in
treatment between ENDs and MIDs, age, serum CCL2 level,
and TT were higher in ENDs than in MIDs. Because 75% of
ENDs had a serum TT level of ≥8 ng/ml, the serum TT level
in ENDs was significantly higher than that in MIDs. To
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Figure 3. Kaplan–Meier analyses of PCaSS based on serum TT level. (A) Patients were divided into five groups according to their serum TT levels
per every 2 ng/ml. (B) ENDs and MIDs were analyzed (p<0.0001). Log-rank test was used for comparison of survival distributions.

Figure 4. Kaplan–Meier analyses of CFS based on serum TT level. (A) ENDs and MIDs were analyzed (p=0.3476). (B) ENDs and MIDs with
advanced stages that indicate T4 or N1 or M1 were analyzed (p=0.0266). Log-rank test was used for the comparison of survival distributions.



compare patients with a serum TT level from <2 and 
≥8 ng/ml, patient’s characteristics in ENDs were shown in
Table II. Interestingly, the CCL2 level in patients with serum
TT level of <2 ng/mL was significantly higher than in those
with serum TT level of ≥8 ng/ml.

Discussion

The mechanism of prostate cancer progression is
complicated and still has not been fully elucidated. As the
latest studies revealed the importance of  interaction among
cells within tumor microenvironment through the long non-
coding RNAs and exosome, the development of novel
biomarkers indicating accurately patients’ survivals are
expected (9, 10). However, because novel technologies may
take some time to be applied for real-world clinical aspect,
conventional techniques, such as measurement of serum
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Figure 6. Schematic prognosis model of patients with prostate cancer
based on the initial serum TT level. Both low and high serum TT levels
may indicate worse prognosis compared with moderate (normal) serum
TT level.

Figure 5. Distribution of TNM and GS according to serum TT level. (A) T stage (p=0.0413), (B) N stage (p=0.5134), (C) M stage (p=0.0406), and
(D) GS (p=0.7797) distribution were analyzed. Chi-squared tests for trends (A and D) and Fisher’s exact tests (B and C) were performed for
comparisons between the two groups.



protein levels, may be still applicable as biomarker.
Windrichova et al. recently reported circulating MIC1/
GDF15 is a powerful biomarker for bone metastatic disease
such as prostate cancer (11). Low serum TT level has been
also reported as a predictive biomarker indicating worse
outcomes in patients with prostate cancer. TT is an essential
hormone in male body and its dysfunction causes a variety
of disorder such as sexual, psychological, cardiovascular, and
endocrinological problems. However, accurate mechanisms
of some TT functions are still veiled. For example, although
ADT has been reported not to be a factor of urination
disorder after prostate radiotherapy, replacement of
testosterone conversely improves in voiding symptoms (12,
13). This study showed that not only low but also high serum
TT level could indicate poor prognosis, looking like
inconsistent (Figure 6). However, the fact that ENDs
indicates worse survival is reasonable based on our previous
studies that showed that low (<3.5 ng/ml) as well as high
PSA level might indicate poor prognosis. The proliferation
of prostate cancer cells depends on the androgen-AR

signaling activity. Furthermore, PSA is an AR-controlled
gene, and serum PSA level reflects AR activity of prostate
cancer cells. However, we sometimes encounter cases of
very aggressive prostate cancer with a low PSA level,
suggesting that poor prognosis of patients with low serum
TT and PSA levels may be due to signals other than
androgen/AR. Conversely, poor prognosis of patients with
high serum TT level may depend on the androgen/AR
signaling as it was reported that higher serum TT level is
also associated with the stage progression of prostate cancer.

Interestingly, patients with a low serum TT level
conversely had a high serum CCL2 level compared with
those with a high serum TT level as shown in Table II.
Human CCL2 was identified in 1987 (14, 15) and was
originally reported as a chemical mediator attracting
mononuclear cells to an inflammatory tissue (15, 16). CCL2
is secreted by prostate cancer cells during ADT and induces
prostate cancer cell migration/invasion via CCL2-dependent
STAT3 activation and EMT pathways (17, 18). These results
support the conclusion that low serum TT level induces
prostate cancer progression via CCL2, which is a potential
driver of prostate cancer progression.

This study had a number of limitations. The small sample
size may have prevented the determination of the precise
statistical significance of differences between groups. Larger
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Table I. Overall patients’ background.

                                                 ENDs                     MIDs             p-Value

n                                                     28                          227                     
Median age, yr                       73 (52-89)             69 (46-86)        0.0300 
Median PSA, ng/mL         15.0 (3.1-4527)    10.6 (1.5-16702)    0.7260 
Median CCL2, pg/mL      268.5 (148-739)     246 (95.3-749)      0.0341
Median TT, ng/mL             8.4 (1.37-11.7)        4.4 (2.0-7.9)       <0.0001
Median follow-up, mos     37.0 (3.0-36.3)      37.9 (1.3-77.4)      0.5340 
Treatment                                                                                              
cADT
   alone                                          14                           64               0.0559†
   +HDR                                         2                             9                       
   +seed                                           0                             4                       
   +EBRT                                        0                             7                       
   +RP                                             0                             2                       
tADT
   alone                                            0                            10                      
   +HDR                                         4                            43                      
   +seed                                           3                            29                      
   +EBRT                                        1                             6                       
   +RP                                             0                            16                      
HDR                                                                             0                      2
Seed                                                                              3                     14
RP                                                                                 1                     16
AS                                                                                 0                      5

PSA: Prostate-specific antigen; TT: total testosterone; cADT: continuous
androgen-deprivation therapy; HDR; high-dose-rate brachytherapy;
EBRT: external-beam radiotherapy; RP: radical prostatectomy;
tADT=temporary androgen-deprivation therapy; AS: active surveillance.
Values in parentheses indicate range. †Treatments were divided into 3
groups in statistical analysis; ADT alone, ADT+local therapy, and local
therapy alone.

Table II. ENDs patients’ background.

                                                TT <2                    TT ≥8            p-Value

n                                                      7                            21                      
Median age, yr                       73 (65-83)             73 (52-89)        0,4292 
Median PSA, ng/mL         61.9 (8.3-4527)      10.3 (3.1-825)      0,0921 
Median CCL2, pg/mL        400 (240-739)       236 (148-420)      0,0005
Median TT, ng/mL             1.5 (1.37-1.95)       8.7 (8.0-11.7)      <0.0001
Median follow-up, mos     35.7 (3.0-71.2)      37.0 (4.3-76.3)      0,8155 
Treatment                                                                                              
cADT
   alone                                            5                             9                0.3129†
   +HDR                                         1                             1                       
tADT
   alone                                            0                             0                       
   +HDR                                         0                             4                       
   +seed                                           0                             3                       
   +EBRT                                        1                             0                       
Seed                                                                              0                      3
RP                                                                                 0                      1

PSA: Prostate-specific antigen; TT: total testosterone; cADT: continuous
androgen-deprivation therapy; HDR; high-dose-rate brachytherapy;
EBRT: external beam radiotherapy; RP: radical prostatectomy;
tADT=temporary androgen-deprivation therapy; AS: active surveillance.
Values in parentheses indicate range. †Treatments were divided into 3
groups in statistical analysis; ADT alone, ADT+local therapy, and local
therapy alone. Values in parentheses indicate range. 



prospective studies with longer follow-up periods and data
from other ethnic backgrounds are needed to confirm our
findings. Moreover, as a variety of treatments, including radical
prostatectomy, radiation, and ADT were performed, some
outcomes may not have been impacted by only TT. However,
this is the first report that showed that both high and low serum
TT levels are useful biomarkers for predicting prognosis of
patients with prostate cancer. These findings may help
clinicians predict OS, PCaSS, and CFS and plan an appropriate
treatment and a follow-up schedule after diagnosis.

To our knowledge, the present study is the first to
investigate serum TT levels using a cohort of prostate cancer
samples, and it reveals the predictive value of serum TT
levels as a biomarker of prostate cancer. Serum TT levels at
diagnosis may serve as a useful tool to improve the
prediction of survival and the efficacy of ADT in patients
with prostate cancer.

Conflicts of Interest

The Authors declare that they have no conflicts of interest.

References
1 Siegel RL, Miller KD and Jemal A: Cancer Statistics, 2017. CA

Cancer J Clin 67: 7-30, 2017.
2 Labrie F, Dupont A, Belanger A, Giguere M, Lacoursiere Y,

Emond J, Monfette G and Bergeron V: Combination therapy
with flutamide and castration (LHRH agonist or orchiectomy) in
advanced prostate cancer: a marked improvement in response
and survival. J Steroid Biochem 23: 833-841, 1985.

3 Boccardo F, Pace M, Rubagotti A, Guarneri D, Decensi A, Oneto
F, Martorana G, Giuliani L, Selvaggi F and Battaglia M:
Goserelin acetate with or without flutamide in the treatment of
patients with locally advanced or metastatic prostate cancer. The
Italian Prostatic Cancer Project (PONCAP) Study Group. Eur J
Cancer 29A: 1088-1093, 1993.

4 Izumi K, Ikeda H, Maolake A, Machioka K, Nohara T, Narimoto
K, Ueno S, Kadono Y, Kitagawa Y, Konaka H, Mizokami A and
Namiki M: The relationship between prostate-specific antigen
and TNM classification or Gleason score in prostate cancer
patients with low prostate-specific antigen levels. Prostate 75:
1034-1042, 2015.

5 Izumi K, Lin WJ, Miyamoto H, Huang CK, Maolake A,
Kitagawa Y, Kadono Y, Konaka H, Mizokami A and Namiki M:
Outcomes and predictive factors of prostate cancer patients with
extremely high prostate-specific antigen level. J Cancer Res Clin
Oncol 140: 1413-1419, 2014.

6 Imamoto T, Suzuki H, Yano M, Kawamura K, Kamiya N, Araki
K, Komiya A, Naya Y, Shiraishi T and Ichikawa T: Does
presence of prostate cancer affect serum testosterone levels in
clinically localized prostate cancer patients? Prostate Cancer
Prostatic Dis 12: 78-82, 2009.

7 Imamoto T, Suzuki H, Akakura K, Komiya A, Nakamachi H,
Ichikawa T, Igarashi T and Ito H: Pretreatment serum level of
testosterone as a prognostic factor in Japanese men with hormonally
treated stage D2 prostate cancer. Endocr J 48: 573-578, 2001.

8 Taya M, Koh E, Izumi K, Iijima M, Maeda Y, Matsushita T,
Iwamoto T and Namiki M: Comparison of testosterone fractions
between Framingham Heart Study participants and Japanese
participants. Int J Urol 21: 689-695, 2014.

9 Weidle UH, Birzele F, Kollmorgen G and Ruger R: Long Non-
coding RNAs and their Role in Metastasis. Cancer Genomics
Proteomics 14: 143-160, 2017.

10 Weidle UH, Birzele F, Kollmorgen G and Ruger R: The Multiple
Roles of Exosomes in Metastasis. Cancer Genomics Proteomics
14: 1-15, 2017.

11 Windrichova J, Fuchsova R, Kucera R, Topolcan O, Fiala O,
Finek J and Slipkova D: MIC1/GDF15 as a Bone Metastatic
Disease Biomarker. Anticancer Res 37: 1501-1505, 2017.

12 Mori H, Fukumori T, Daizumoto K, Tsuda M, Kusuhara Y,
Fukawa T, Yamamoto Y, Yamaguchi K, Takahashi M, Kubo A,
Kawanaka T, Furutani S, Ikushima H and Kanayama HO:
Predictive Factors for Prolonged Urination Disorder After
Permanent 125I Brachytherapy for Localized Prostate Cancer. In
Vivo 31: 755-761, 2017.

13 Shigehara K, Miyagi T, Nakashima T, Izumi K, Kitagawa Y,
Mizokami A Koh E, Shimamura M and Namiki M: Effects of
dutasteride on lower urinary tract symptoms: a prospective analysis
based on changes in testosterone/dihydrotestosterone levels and
total prostatic volume reduction. Aging Male 19: 128-133, 2016.

14 Yoshimura T, Matsushima K, Tanaka S, Robinson EA, Appella
E, Oppenheim JJ and Leonard EJ: Purification of a human
monocyte-derived neutrophil chemotactic factor that has peptide
sequence similarity to other host defense cytokines. Proc Natl
Acad Sci USA 84: 9233-9237, 1987.

15 Matsushima K, Morishita K, Yoshimura T, Lavu S, Kobayashi
Y, Lew W, Appella E, Kung HF, Leonard EJ and Oppenheim JJ:
Molecular cloning of a human monocyte-derived neutrophil
chemotactic factor (MDNCF) and the induction of MDNCF
mRNA by interleukin 1 and tumor necrosis factor.  J Exp Med
167: 1883-1893, 1988.

16 Taub DD, Lloyd AR, Conlon K, Wang JM, Ortaldo JR, Harada
A, Matsushima K, Kelvin DJ and Oppenheim JJ: Recombinant
human interferon-inducible protein 10 is a chemoattractant for
human monocytes and T lymphocytes and promotes T cell
adhesion to endothelial cells. J Exp Med 177: 1809-1814, 1993.

17 Izumi K, Fang LY, Mizokami A, Namiki M, Li L, Lin WJ and
Chang C: Targeting the androgen receptor with siRNA promotes
prostate cancer metastasis through enhanced macrophage
recruitment via CCL2/CCR2-induced STAT3 activation. EMBO
Mol Med 5: 1383-1401, 2013.

18 Lin TH, Izumi K, Lee SO, Lin WJ, Yeh S and Chang C: Anti-
androgen receptor ASC-J9 versus anti-androgens MDV3100
(Enzalutamide) or Casodex (Bicalutamide) leads to opposite
effects on prostate cancer metastasis via differential modulation
of macrophage infiltration and STAT3-CCL2 signaling. Cell
Death Dis 4: e764, 2013.

Received August 8, 2017
Revised August 23, 2017

Accepted August 24, 2017

ANTICANCER RESEARCH 37: 5559-5564 (2017)

5564


