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Abstract 
Purpose: To evaluate the prognostic value of prostate-specific antigen nadir (nPSA) after high-dose-rate (HDR) 

brachytherapy in clinically non-metastatic high-risk prostate cancer patients. 
Material and methods: Data from 216 patients with high-risk or locally advanced prostate cancer who under-

went HDR brachytherapy and external beam radiation therapy with long-term androgen deprivation therapy (ADT) 
between 2003 and 2008 were analyzed. The median prostate-specific antigen (PSA) level at diagnosis was 24 ng/ml 
(range: 3-338 ng/ml). The clinical stage was T1c-2a in 55 cases (26%), T2b-2c in 48 (22%), T3a in 75 (35%), and T3b-4 
in 38 (17%). The mean dose to 90% of the planning target volume was 6.3 Gy/fraction of HDR brachytherapy. After  
5 fractions, external beam radiation therapy with 10 fractions of 3 Gy was administered. All patients initially under-
went neoadjuvant ADT for at least 6 months, and adjuvant ADT was continued for 36 months. The median follow-up 
was 7 years from the start of radiotherapy. 

Results: The 7-year PSA relapse-free rate among patients with a post-radiotherapy nPSA level of ≤ 0.02 ng/ml was 
94%, compared with 23% for patients with higher nPSA values (HR = 28.57; 95% CI: 12.04-66.66; p < 0.001). Multivar-
iate analysis revealed that the nPSA value after radiotherapy was a significant independent predictor of biochemical 
failure, whereas pretreatment predictive values for worse biochemical control including higher level of initial PSA, 
Gleason score ≥ 8, positive biopsy core rate ≥ 67%, and T3b-T4, failed to reach independent predictor status. The 7-year 
cancer-specific survival rate among patients with a post-radiotherapy nPSA level of ≤ 0.02 ng/ml was 99%, compared 
with 82% for patients with higher nPSA values (HR = 32.25; 95% CI: 3.401-333.3; p = 0.002). 

Conclusions: A post-radiotherapy nPSA value of ≤ 0.02 ng/ml was associated with better long-term biochemical 
tumor control even if patients had pretreatment predictive values for worse control. 
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Purpose 

High-dose-rate (HDR) brachytherapy has been ac-
cepted as a useful method to control localized and local-
ly advanced prostate cancers [1,2,3]. The combination of 
HDR brachytherapy and external beam radiation therapy 
(EBRT) is expected to provide an effective approach for 
delivering radiation doses more safely and precisely com-
pared to EBRT alone in high-risk and locally advanced 
prostate cancer, even if patients have extracapsular inva-
sion and seminal vesicle invasion [4,5,6,7]. Hypofraction-
ated radiotherapy may prove advantageous for treating 
prostate cancer because of the low α : β ratio [8]. In ad-
dition, the use of long-term androgen deprivation ther-

apy (ADT; ≥ 2 years) with radiotherapy has been shown 
to contribute to better overall survival or cancer-specific 
survival in men with locally advanced or localized unfa-
vorable-risk prostate cancer compared to radiotherapy 
alone [9,10,11]. Thus, we have treated unfavorable-risk 
prostate cancer with HDR brachytherapy combined with 
hypofractionated EBRT and long-term ADT. Although 
several reports describe the efficacy and safety for HDR 
brachytherapy combined with EBRT or hormonal ther-
apy, limited data are available regarding the predictive 
value for the clinical outcome in this combination therapy 
[4,5,12,13,14,15]. 

In this study, we report outcomes for high-risk and lo-
cally advanced prostate cancer patients treated with com-

Address for correspondence: Hideyasu Tsumura, MD, Department of Urology, Kitasato University  
School of Medicine, Sagamihara, Japan, 1-15-1 Kitasato Minami-ku, Sagamihara, Kanagawa 252-0374,  
Japan, phone: +81 42 778 9091, fax: +81 42 778 9374,  e-mail: tsumura@med.kitasato-u.ac.jp 

Received:	 07.12.2015
Accepted:	 10.04.2016
Published:	27.04.2016

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4003433/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4200189/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4371062/
http://www.sciencedirect.com/science/article/pii/S0167814007001661
http://www.ncbi.nlm.nih.gov/pubmed/19243900
http://www.ncbi.nlm.nih.gov/pubmed/?term=High+dose+rate+prostate+brachytherapy%3A+an+overview+of+the+rationale%2C+experience+and+emerging+applications+in+the+treatment+of+prostate+cancer.+Br+J+Radiol+2012
http://www.ncbi.nlm.nih.gov/pubmed/?term=Brenner+DJ.+The+linear-quadratic+model+is+an+appropriate+methodology+for+determining+isoeffective+doses+at+large+doses+per+fraction.
http://www.ncbi.nlm.nih.gov/pubmed/?term=Long-term+results+with+immediate+androgen+suppression+and+external+irradiation+in+patients+with+locally+advanced+prostate+cancer+%28an+EORTC+study%29%3A+a+phase+III+randomized+trial.+Lancet+2002%3B+360%3A+103-106
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ten-year+follow-up+of+radiation+therapy+oncology+group+protocol+92-02%3A+a+phase+III+trial+of+the+duration+of+elective+androgen+deprivation+in+locally+advanced+prostate+cancer.+J+Clin+Oncol+2008%3B+26%3A+2497-2504
http://www.ncbi.nlm.nih.gov/pubmed/?term=High-dose+radiotherapy+with+short-term+or+long-term+androgen+deprivation+in+localized+prostate+cancer+%28DART01%2F05+GICOR%29%3A+a+randomized%2C+controlled%2C+phase+3+trial.+Lancet+Oncol+2015%3B+16%3A+320-327
http://www.sciencedirect.com/science/article/pii/S0167814007001661
http://www.ncbi.nlm.nih.gov/pubmed/19243900
http://www.ncbi.nlm.nih.gov/pubmed/15001244
http://www.ncbi.nlm.nih.gov/pubmed/?term=High-dose-rate+brachytherapy+boost+for+prostate+cancer%3A+comparison+of+two+different+fractionation+schemes.+Int+J+Radiat+Oncol+Biol+Phys+2012%3B+82%3A+222-227
http://www.ncbi.nlm.nih.gov/pubmed/?term=Direct+2-arm+comparison+shows+benefit+of+high-dose-rate+brachytherapy+boost+vs+external+beam+radiation+therapy+alone+for+prostate+cancer.+Int+J+Radiat+Oncol+Biol+Phys+2013%3B+85%3A+679-685
http://www.ncbi.nlm.nih.gov/pubmed/?term=Predictors+of+distant+metastasis+after+combined+HDR+brachytherapy+and+external+beam+radiation+for+prostate+cancer.+J+Contemp+Brachytherapy+2013%3B+5%3A+127-133
mailto:tsumura@med.kitasato-u.ac.jp


Journal of Contemporary Brachytherapy (2016/volume 8/number 2)

Hideyasu Tsumura, Takefumi Satoh, Hiromichi Ishiyama, et al.96

bination of HDR brachytherapy, EBRT, and long-term 
ADT with a median follow-up of 7 years. We investigated 
whether prostate-specific antigen nadir (nPSA) after HDR 
brachytherapy is associated with long-term biochemical 
tumor control. We also investigated whether the lowest 
prostate-specific antigen (PSA) level achieved during  
the first year after completing radiotherapy could become 
an early surrogate marker for long-term biochemical con-
trol. 

Material and methods 
A total of 223 consecutive patients with high-risk pros-

tate cancer defined according to D’Amico criteria (clinical 
stage T2c, or PSA > 20 ng/ml, or biopsy Gleason score  
8-10) were treated using a combination of HDR brachyther-
apy and hypofractionated EBRT with long-term ADT be-
tween December 2003 and July 2008 [16]. Pretreatment 
evaluation included clinical history, physical examina-
tion, blood laboratory findings, pelvic computed tomogra-
phy (CT), pelvic magnetic resonance imaging, and a bone 
scan. Patients with clinically positive lymph nodes or dis-
tant metastasis were excluded. All biopsy slides were re-
viewed by our institutional pathologists. A castrate testos-
terone level was defined as ≤ 50 ng/dl. The institutional 
review board approved this retrospective study (B14-202). 

�High-dose-rate brachytherapy and hormonal 
therapy 

Our treatment protocol for HDR brachytherapy and 
hormonal therapy in high-risk prostate cancer was pre-
viously reported and shown in Figure 1 [5,7]. Briefly, 
treatment of HDR brachytherapy was initiated using 
placement of a closed transperineal hollow needle under 
transrectal ultrasound guidance. Multiple 20- to 25-cm-
long, closed-end, 15-G plastic hollow needles were insert-
ed transperineally using a Syed-Neblett plastic template 
(Alpha-Omega Services, Bellflower, CA, USA). Routinely, 
18 needles were implanted. Flexible cystoscopy was con-
ducted to check that the urethra had not been penetrated 
by the implanted tubes. The needle tips were left within 
the urinary bladder, 1.5 cm above the sonographically or 
cystoscopically defined base of the prostate. After all of 
these procedures had been completed, the patient under-
went CT to obtain scans at 5 mm intervals for CT-based 

planning. Contours of the planning target volume (PTV), 
urethra, and rectum were outlined according to trans-
verse CT images. The PTV was defined as the prostate 
gland with or without proximal seminal vesicles, with an 
additional 3 to 5 mm margin all around. Reference points 
for the urethra were set on the center of the urethral cath-
eter, and those for the rectal wall were set 5 mm behind 
the edge of the anterior rectal wall on transverse CT im-
ages with 10 mm intervals. Reference points for the PTV 
were automatically distributed on the surface of the PTV. 
Dose limitation of HDR brachytherapy was set as 10 Gy/
fraction for urethral reference points and 4 Gy/fraction 
for rectal reference points, and we attempted to prescribe 
7.5 Gy/fraction to reference points of the PTV (unless 
the dose limitation was violated) using inverse planning 
and geometric optimization. Because of urethral and rec-
tal dose limitations, covering the periphery of the PTV 
with the prescribed dose was difficult in some patients.  
The mean dose to 90% of the PTV (D90), the prostate vol-
ume receiving at least 6 Gy (V6), and the prostate volume 
receiving at least 9 Gy (V9) were 6.3 ± 0.6 Gy, 91% ± 5%, 
and 53% ± 9% per fraction, respectively. Five fractions of 
HDR treatment were administered. After CT-based plan-
ning using a Nucletron planning system (Nucletron, an 
Elekta company, Elekta AB, Stockholm, Sweden), the first 
treatment session of HDR brachytherapy was conducted 
using the Nucletron microSelectron HDR 192Ir remote af-
terloading system (Nucletron, an Elekta company, Elekta 
AB, Stockholm, Sweden). Dwell positions were activat-
ed at 5 mm intervals along each catheter. The deepest 
dwell position could be set at 6.5 mm from the catheter 
tip if needed. Catheter positions were checked by fluo-
roscopy before every treatment session and corrected 
if interfraction needle movements > 5 mm were noted.  
The first treatment session was conducted on the day of 
implantation, with the subsequent four treatment ses-
sions administered twice daily with an interval of at least 
6 hours between fractions. Treatment duration was thus  
3 days. At 6th day after completion of HDR brachythera-
py, patients received EBRT using a dynamic-arc confor-
mal technique, administered with high energy photons 
comprising 10-MV X-rays to a  total dose of 30 Gy. To-
tal dose was administered in daily fraction of 3 Gy per 
fraction for 10 days over 2 weeks. The radiation field was 
limited to the prostate gland with or without proximal 

7.5 Gy/fraction
For 3 days
Total 5 fractions

3 Gy/fraction
For 10 days over 2 weeks

Total 10 fractions

Neoadjuvant ADT HDR + EBRT Adjuvant ADT

Anti-androgen + GnRHa ≥ 6 months GnRHa alone 36 months

HDR (total 37.5 Gy)                    EBRT (total 30 Gy)

ADT – androgen deprivation therapy, HDR – high-dose-rate brachytherapy, EBRT – external beam radiation therapy, GnRHa – gonadotropin-releasing hor-
mone agonist injection

Fig. 1. Treatment protocol for high-dose-rate brachytherapy, external beam radiation therapy and hormonal therapy in high-
risk and locally advanced prostate cancer
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seminal vesicles with a 7 mm leaf margin using multileaf 
collimators. No dose limitations for organs at risk were 
set in EBRT planning. We did not deliver pelvic irradia-
tion beyond the prostate gland and seminal vesicles. On 
the assumption, α : β ratio was 2 and 3 Gy for prostate 
and for organs (urethra/rectum) at risk, respectively. 
Biological effective dose of this combination therapy was  
206 Gy for prostate and 158 Gy for organs at risk, respec-
tively. Equivalent dose in 2 Gy fractions was 103 Gy for 
prostate and 95 Gy for organs at risk, respectively. 

All patients initially underwent at least 6 months of 
neoadjuvant ADT, and adjuvant ADT was continued for 
36 months after completion of radiotherapy. Neoadjuvant 
ADT combined nonsteroidal anti-androgen agents with go-
nadotropin-releasing hormone agonist (GnRHa) injections. 
Adjuvant ADT consisted of injections of GnRHa alone. 
Either flutamide (375 mg/d) or bicalutamide (80 mg/d) 
were used as the nonsteroidal anti-androgen agents.  
Either goserelin (3.6 mg/mo or 10.8 mg/3 mo) or leupro-
relin (3.75 mg/mo or 11.25 mg/3 mo) were administrated 
as GnRHa therapy. 

Follow-up 

The duration of follow-up was calculated from the 
start of HDR brachytherapy. Patients with less than 
a year follow-up period were excluded from this study.  
The median follow-up for all patients was 84 months 
(range: 12-126 months). A  follow-up examination after 
the HDR brachytherapy was scheduled every 3 months 
for the first year, and then 3 to 6 months thereafter. 
Biochemical failure was defined according to the Phoe-
nix definition. The biochemical no evidence of disease 
(bNED) rate was calculated for all living patients and re-
flected biochemical failures. 

Statistical analysis 

For the purpose of analysis, clinical T stage (T1c-3a vs. 
T3b-4), Gleason score (≤ 7 vs. ≥ 8), biopsy positive core 
rates (< 67% vs. ≥ 67%), and nPSA after radiotherapy  
(≤ 0.02 ng/ml vs. > 0.02 ng/ml) were evaluated as di-
chotomous variables. Prostate-specific antigen nadir was 
defined as the lowest PSA measurement before any fail-
ure. In patients without failure, nPSA was the lowest PSA 
measurement during the entire follow-up period. The 
Wilcoxon rank-sum test and Student’s t-test were used to 
evaluate for differences between post-radiotherapy nPSA 
groups for categorical variables and continuous variables, 
respectively. Univariate Cox regression models were used 
to examine the predictive value of patient related factors. 
Multivariate Cox regression models were created based 
on the covariates that were significant in univariate anal-
ysis. The Kaplan-Meier method was used to calculate sur-
vival functions. The AUC and best cutoff point of nPSA 
and time to achieve a  PSA level of ≤ 0.02 ng/ml were 
calculated employing receiver operating characteristic 
(ROC) analysis. Differences were regarded as statistically 
significant at the p < 0.05 level. Analyses were performed 
using SPSS, version 11.0 for Windows (SPSS, Inc., Chi-
cago, IL, USA), GraphPad Prism, version 5 (GraphPad 

Software, Inc., CA), and Microsoft Excel (Microsoft, Red-
mond, WA, USA). 

Results 
Of the 223 patients, 4 failed to complete the scheduled 

protocol for radiotherapy because they wished to discon-
tinue HDR brachytherapy before the completion of the 
scheduled protocol. Additionally, three patients with less 
than a  year follow-up period were excluded from this 
study. Analyses were thus performed for 216 patients.  
Of the 216 patients, 14 patients did not complete the ad-
juvant ADT because of loss to follow-up (n = 6, 2.7%) and 
serious diseases (n = 8, 3.7%). All patients reached their 
levels of nPSA before the completion of adjuvant ADT. 
One hundred eighty-eight patients (87%) measured their 
levels of serum testosterone during the adjuvant ADT.  
Of those 188 patients, their levels of serum testosterone 
were at the castrate testosterone levels when patients 
reached their levels of nPSA. 

The highest Radiation Therapy Oncology Group 
(RTOG)-defined acute genitourinary (GU) toxicities were 
grade 2 in 32 patients (14.8%) and grade 3 in 10 patients 
(4.6%). No patients experienced ≥ grade 2 acute gastroin-
testinal (GI) toxicities. The highest RTOG-defined late GU 
toxicities were grade 2 in 21 patients (9.7%) and grade 3 
in 21 patients (9.7%). The most grade 3 GU toxicities were 
urinary retention or urethral stricture, which were man-
aged successfully by temporary catheterization or inter-
nal urethrotomy. The highest late GI toxicities were grade 
2 in 5 patients (2.8%). No patients showed grade 3 late GI 
toxicities. No patients experienced grade 4 or 5 toxicities. 

The 7-year bNED rate, cancer specific-survival rate, 
and overall survival rate were 87.8%, 97.9%, and 95.2%, 
respectively. Twenty-two patients experienced biochem-
ical failure. Of those 22 patients, the site of recurrence in  
13 patients included bone metastasis (n = 7), distant 
lymph-node metastasis (n = 2), regional lymph-node me-
tastasis (n = 1), lung metastasis (n = 1), and local recurrence  
(n = 2). Eleven patients died during follow-up, with caus-
es including interstitial pneumonitis (n = 1), lung cancer 
(n = 1), subarachnoid hemorrhage (n = 1), cardiac disease 
(n = 1), an accident (n = 1), bladder cancer (n = 2), and 
prostate cancer (n = 4). 

Characteristics of 216 patients are shown in Table 1. 
ROC curve was performed to evaluate an optimal cut-
point of nPSA after radiotherapy as a  predictive value 
for biochemical failure (Figure 2). With a cutoff point of 
0.02 ng/ml, the sensitivity and specificity were 59.0% and 
96.9%, respectively. The AUC-ROC was 0.815 (95% CI: 
0.697-0.933, p < 0.001). Using this cut-off point, we com-
pared clinical and pathological features between a group 
with nPSA after radiotherapy of ≤ 0.02 ng/ml and that 
with > 0.02 ng/ml. The clinical stage and biopsy pos-
itive core rate were significantly higher in a group with  
nPSA of > 0.02 ng/ml after radiotherapy than that with  
≤ 0.02 ng/ml (p = 0.040 and 0.036, respectively). There 
were no differences between the 2 groups with respect to 
other characteristics, including age, initial PSA, duration 
of neoadjuvant ADT, follow-up period, and proportion of 
Gleason score. 
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Table 2 summarizes pre-radiotherapy predictive val-
ues for worse biochemical control. Univariate analysis 
indicated that higher level of initial PSA (hazard ratio 
[HR] = 1.006; 95% CI: 1.002-1.011; p = 0.008), Gleason score 
≥ 8 (HR = 3.164; 95% CI: 1.290-7.751; p = 0.011), biopsy 
positive core rate ≥ 67% (HR = 4.464; 95% CI: 1.872-10.63;  
p = 0.007), and T3b-T4 (HR = 3.623; 95% CI: 1.550-8.474;  
p = 0.003) were significantly associated with increased risk 
of biochemical failure. An nPSA of > 0.02 ng/ml after ra-
diotherapy was significantly associated with increased risk 
of biochemical failure on univariate analysis (HR = 28.57; 
95% CI: 12.04-66.66; p < 0.001). The 7-year bNED rate was 
22.9% and 94.1% in patients with nPSA after radiotherapy 
> 0.02 ng/ml and ≤ 0.02 ng/ml, respectively (Figure 3A). 

Upon multivariate analysis, the nPSA value after 
radiotherapy was a  significant independent predictor 
of biochemical failure (HR = 26.31; 95% CI: 10.00-71.42;  
p < 0.001), whereas pre-radiotherapy predictive values 
for worse biochemical control-including higher level of 
initial PSA, Gleason score ≥ 8, positive biopsy core rate 
≥ 67%, and T3b-T4-failed to reach independent predictor 
status (Table 2). 

Table 1. Comparison of clinical and pathological features between a group with PSA nadir after radiotherapy  
of ≤ 0.02 ng/ml and that with > 0.02 ng/ml

Factors Total (n = 216) nPSA ≤ 0.02 (n = 196) nPSA > 0.02 (n = 20) p

Median (range) Median (range) Median (range)

Age, years 70 (53-86) 70 (53-86) 69 (54-77) 0.080

Initial PSA, ng/ml 24 (3-338) 23 (3-337) 28 (5-167) 0.288

Neoadjuvant ADT, months 12 (4-74) 12 (4-74) 12 (7-17) 0.358

Follow-up, months 84 (12-126) 84 (12-126) 81 (13-119) 0.271

n (%) n (%) n (%)

Gleason score 0.950

≤ 6 24 (11) 21 (11) 3 (15)

7 102 (47) 94 (48) 8 (40)

8-10 90 (42) 81 (41) 9 (45)

T stage (2009) 0.040

1c-2a 55 (26) 51 (26) 4 (20)

2b-2c 48 (22) 45 (23) 3 (15)

3a 75 (35) 71 (36) 4 (20)

3b 35 (16) 28 (14) 7 (35)

4 3 (1) 1 (1) 2 (10)

Biopsy positive core rate 0.036

< 34% 71 (32) 68 (35) 3 (15)

34-67% 77 (36) 70 (36) 7 (35)

> 67% 65 (30) 55 (27) 10 (50)

Unknown 3 (2) 3 (2) 0 (0)

nPSA – PSA nadir after radiotherapy, PSA – prostate-specific antigen, ADT – androgen deprivation therapy 

Fig. 2. Receiver operating characteristic (ROC) curve anal-
ysis to evaluate an optimal cut-point of prostate specific 
antigen nadir after the radiotherapy as a predictive value 
for biochemical failure (AUC-ROC = 0.815, 95% CI: 0.697-
0.933, p < 0.001) 
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Prostate cancer specific-survival rate was significantly 
lower in patients with nPSA > 0.02 ng/ml after radiother-
apy than in patients with lower nPSA values (HR = 32.25; 
95% CI: 3.401-333.3; p = 0.002). The 7-year cancer spe-
cific-survival rate was 82.4% and 99.4% in patients with 
nPSA after radiotherapy > 0.02 ng/ml and ≤ 0.02 ng/ml, 
respectively (Figure 3B). 

ROC curve was performed to evaluate an optimal cut-
point of time to achieve a PSA level of ≤ 0.02 ng/ml after 
radiotherapy as a predictive value for biochemical failure. 
With a cutoff point of 1 year, the sensitivity and specifici-
ty were 89.9% and 60%, respectively. The AUC-ROC was 
0.815 (95% CI: 0.639-0.944, p < 0.001). Of 216 patients in our 
cohort, 196 patients reached a PSA level of ≤ 0.02 ng/ml  
during the entire follow-up period. Using this cut-off point, 
196 patients who reached a  PSA level of ≤ 0.02 ng/ml 
were divided into 2 groups according to how long it took 
to achieve that level: ≤ 1 year after radiotherapy (n = 171)  
and > 1 year after radiotherapy (n = 25). Biochemical fail-
ure rate was significantly higher in patients with PSA level 
of ≤ 0.02 achieved > 1 year after radiotherapy than in those 
with ≤ 1 year (HR = 15.38; 95% CI: 3.846-62.50; p < 0.001). 
The 7-year bNED rate was 70.8% and 97.5% in patients 
with PSA level of ≤ 0.02 achieved > 1 year after radiothera-
py and in those with ≤ 1 year, respectively (Figure 4). 

Discussion 
This report restricted evaluation to high-risk and lo-

cally advanced prostate cancer, and analyzed the prog-
nostic value of nPSA after combined HDR brachytherapy 
and hypofractionated EBRT in patients treated with long-
term ADT with a median follow-up of 7 years. A nPSA of 
> 0.02 ng/ml after radiotherapy was a  significant inde-
pendent predictor of biochemical failure, whereas none 
of the pretreatment predictive values reached indepen-

dent predictor status – including higher level of initial 
PSA, Gleason score ≥ 8, positive biopsy core rate ≥ 67%, 
and T3b-T4. Patients whose PSA levels did not decline to 
≤ 0.02 ng/ml after radiotherapy had a high possibility of 
prostate cancer-related death. 

Previous studies suggested that nPSA after prostate 
radiotherapy is well correlated with prognostic values, 
including prostate cancer specific mortality. Threshold 
levels of nPSA for the prediction of treatment failure vary 
depending on the local extent of the cancer, the type of 
radiotherapy, and the duration of ADT. Our value of 
nPSA for predicting the clinical outcome is an extremely 
low level compared with previous studies – ranging from  
0.1 to 1.5 ng/ml [17,18,19,20]. Combined HDR brachyther-
apy and EBRT could deliver effective radiation doses 
more precisely and intensely than conventional EBRT, 
with some margin even in patients with extracapsular 
extensions and seminal vesicle invasion. Precise local 
control induced by this dose intensification could be 
one reason for the lower level of nPSA threshold in our 
study compared with previous studies. In addition, Jap-
anese-specific high sensitivity to hormonal therapy may 
have a role in the lower nPSA values [21]. In our regimen, 
all patients initially underwent ≥ 6 months of neoadju-
vant ADT (median 12 months). This adequate period of 
neoadjuvant ADT may have also affected the lower nPSA 
value in our study. 

Patients whose PSA levels have not reached favorable 
thresholds may require careful observation and addition-
al treatment because they potentially have a greater risk 
for prostate-cancer specific death. We hypothesize that 
a PSA level that does not reach ≤ 0.02 ng/ml after radio-
therapy may reflect occult distant metastasis present at 
the initial diagnosis. We did not deliver EBRT to pelvic 
lymph nodes where microscopic metastasis may be pres-
ent. Patients with higher PSA levels, higher pathology 

Table 2. Predictive factors for worse biochemical control on proportional hazard model

Factors N (event) Univariate bNED at  
7 year, %

Multivariate

HR 95% CI p HR 95% CI p

Age 216 (22) 0.944 0.880-1.013 0.108

Duration of neoadjuvant ADT 216 (22) 0.987 0.909-1.071 0.746

Initial PSA 216 (22) 1.006 1.002-1.011 0.008 1.003 0.995-1.012 0.483

Gleason score 0.011 0.068

< 8 126 (7) 1.000 (reference) 93.7 1.000 (reference)

≥ 8 90 (15) 3.164 1.290-7.751 79.1 2.551 0.931-6.993

Biopsy positive core rates 0.007 0.141

< 67% 148 (8) 1.000 (reference) 93.7 1.000 (reference)

≥ 67% 65 (14) 4.464 1.872-10.63 72.9 2.336 0.753-7.246

T stage (2009 AJCC) 0.003 0.605

T1c-T3a 178 (13) 1.000 (reference) 91.2 1.000 (reference)

T3b-T4 38 (9) 3.623 1.550-8.474 71.4 0.759 0.266-2.164

PSA nadir after radiotherapy < 0.001 < 0.001

≤ 0.02 ng/ml 20 (9) 1.000 (reference) 94.1 1.000 (reference)

> 0.02 ng/ml 196 (13) 28.57 12.04-66.66 22.9 26.31 10.00-71.42

HR – hazard ratio, CI – confidence interval, bNED – biochemical no evidence of disease, ADT – androgen deprivation therapy, PSA – prostate specific antigen,  
AJCC – American Joint Committee on Cancer 
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http://www.ncbi.nlm.nih.gov/pubmed/?term=PSA+nadir+predicts+biochemical+and+distant+failures+after+external+beam+radiotherapy+for+prostate+cancer%3A+a+multi-institutional+analysis.+Int+J+Radiat+Oncol+Biol+Phys+2006%3B+64%3A+1140-1150
http://www.ncbi.nlm.nih.gov/pubmed/?term=Postradiotherapy+2-year+prostate-specific+antigen+nadir+as+a+predictor+of+long-term+prostate+cancer+mortality.+Int+J+Radiat+Oncol+Biol+Phys+2009%3B+75%3A+1350-1356
http://www.ncbi.nlm.nih.gov/pubmed/?term=Does+prostate-specific+antigen+nadir+predict+longer-term+outcomes+of+prostate+cancer+after+neoadjuvant+and+adjuvant+androgen+deprivation+therapy+in+conjunction+with+brachytherapy%3F+Brachytherapy+2015%3B+14%3A+322-328
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grade, and a higher percentage of positive biopsy cores 
at initial diagnosis are more likely to have lymph node 
involvement than those with lower values [22,23]. Addi-
tional irradiation into the pelvis where lymph node me-
tastasis may be present has the potential to improve the 
outcome in patients whose PSA levels have not reached 
favorable thresholds. However, in the context of locally 
advanced prostate cancer it remains controversial wheth-
er extended radiotherapy such as whole-pelvic radiother-

apy yields improved survival compared to prostate and 
seminal vesicle radiotherapy, especially in patients who 
are also treated with ADT [24,25,26,27]. 

Of 196 patients who reached a PSA level of ≤ 0.02 ng/
ml, biochemical failure rate was significantly higher in 
patients who reached that level achieved > 1 year after ra-
diotherapy than in those with ≤ 1 year (Figure 4). Not only 
lower levels of PSA decline but also earlier decline of low 
levels of PSA after completing radiotherapy are predic-

PSA – prostate-specific antigen, nPSA – PSA nadir after radiotherapy, bNED – biochemical no evidence of disease

Fig. 3. Kaplan-Meier estimate of (A) biochemical no evidence of disease rate and (B) prostate cancer specific-survival rate based 
on prostate-specific antigen nadir (nPSA) after high-dose-rate brachytherapy combined with external beam radiation therapy, 
respectively. Patients were divided into 2 groups according to levels of nPSA after radiotherapy: nPSA of ≤ 0.02 ng/ml (n = 196) 
and nPSA of > 0.02 ng/ml (n = 20)
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PSA – prostate-specific antigen, bNED – biochemical no evidence of disease 

Fig. 4. Kaplan-Meier estimate of biochemical no evidence of disease rate in 196 patients who reached a prostate-specific antigen 
(PSA) level of ≤ 0.02 ng/ml. Patients were divided into 2 groups according to how long it took to achieve that level: ≤ 1 year 
after radiotherapy (n = 171) and > 1 year after radiotherapy (n = 25)
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tive for long-term biochemical relapse-free survival. Our 
data suggest that the lowest PSA level achieved during 
the first year after completing radiotherapy may be an 
early surrogate marker for long-term biochemical con-
trol. Cavanaugh et al. [28] suggested the prognostic value 
of a  time-and-PSA threshold model following prostate 
carcinoma radiotherapy without ADT. They analyzed the 
prognostic value of early PSA kinetics, with PSA assessed 
as reaching or failing to reach discrete threshold values 
at fixed time points after EBRT. Significantly improved 
bNED were found in a comparison of patients whose PSA 
levels reached favorable thresholds and patients whose 
PSA levels did not reach those thresholds at early fixed 
time points (3 and 6 months of follow-up). Alcántara  
et al. [29] suggested that the nPSA level at 1 year is a strong 
independent predictor of outcome after EBRT in patients 
treated without ADT. Dichotomized nPSA at 1 year  
(≤ 2 vs. > 2 ng/ml) was independently related to distant 
metastasis and cause-specific mortality. Some studies 
have suggested that PSA response to neoadjuvant ADT 
before EBRT predicts long-term prostate cancer survival 
outcome [30,31]. Long-term follow-up is usually required 
to evaluate the treatment efficacy in prostate cancer. If our 
nPSA value could predict clinical recurrence during an 
early phase of treatment, timely salvage treatment could 
be initiated in patients with a poor prognosis, potentially 
preventing prostate cancer-related death. The ability to 
identify patients at increased risk of death from prostate 
cancer in early phases of treatment helps to promote de-
mand for alternative treatments including new clinical 
trials and more aggressive therapies [28,31,32]. Addi-

tional aggressive therapies are required to salvage pa-
tients who did not reach the favorable PSA level after the 
prostate radiotherapy. However, there exists no effective 
treatment modality to salvage those patients at present. 

Several potential limitations of this study must be 
considered in addition to its retrospective nature. Al-
though patients in this study received at least 6 months of 
neoadjuvant ADT, the duration of neoadjuvant ADT was 
not uniform. The sensitivity of hormonal therapy and the 
type of nonsteroidal anti-androgen agents were different 
in each patient. Those factors may affect the analysis for 
prognostic value of nPSA. We did not eliminate those 
effects of hormonal therapy on the prognostic value of 
nPSA in the ROC analysis to find an optimal cut-point 
of nPSA after radiotherapy. In addition, the use of EBRT 
in combination with HDR brachytherapy may also affect 
the analysis for the value of the nPSA. Second, prolonged 
sustainment of castration testosterone levels after cessa-
tion of long-term ADT occurred in approximately 20% 
of patients in our cohort (data not shown) [33]. The pro-
longed sustainment of the testosterone levels could affect 
the biochemical control rates. Third, the choice of patient 
population might not be the best choice to correlate the 
value of the nPSA to biochemical failure because the clin-
ical stage and biopsy positive core rate were significantly 
higher in a group with nPSA of > 0.02 ng/ml after radio-
therapy than that with ≤ 0.02 ng/ml. Fourth, our median 
follow-up of 84 months may be insufficient to address 
the clinical outcome of non-metastatic prostate cancer. 
Further follow-up will be needed to address whether our 
lower PSA threshold could be predictive for overall and 
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cause-specific survival over an extended time period. 
Results from longer follow-up survival data will clarify 
the utility of our PSA threshold model for predicting the 
clinical outcome. 

Conclusions
For patients with locally advanced and clinically 

non-metastatic high-risk prostate cancer who are treated 
with a  combination of HDR brachytherapy, hypofrac-
tionated EBRT, and long-term ADT, our data demon-
strate that a post-radiotherapy nPSA value of ≤ 0.02 ng/
ml is associated with better long-term biochemical tumor 
control and cause-specific survival, even if patients had 
pretreatment predictive values for worse control. In ad-
dition, patients who reached PSA levels of ≤ 0.02 ng/ml 
within 1 year after radiotherapy had significantly im-
proved biochemical tumor control. We have to consider 
more aggressive treatment in patients whose PSA levels 
have not reached a favorable threshold because they have 
potential risks for death from prostate cancer. 
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