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Abstract
Introduction: Prostate cancer is now the third most frequent noncutaneous malignancy in Iranian men and the
fifth most common cancer worldwide. Measurement of total serum prostate specific antigens (PSAs) has been
one of the strongest predictors of biochemical progression and overall survival in determining the efficacy of
definitive external beam radiation therapy in patients with localized prostate cancer. The aim of this research was
to identify the 5-year biochemical progression-free survival (BFS) and related prognostic and predictive factors
of localized prostate cancer patients who were treated with definitive external beam radiotherapy.
Methods: This study analyzed 192 localized prostate cancer patients from stage T1aN0M0 to stage T3N0M0;
they were treated with definitive radiation therapy and followed up in the radiation-oncology ward of Shohada-e-
Tajrish Hospital in Tehran (Iran) between 2006 and 2013. The 5-year BFS was analyzed using the Kaplan-Meier
estimate. For multivariate analysis, the Cox proportional hazards model was used to assess the strengths of
various factors for 5-year BFS.
Results: The follow-up period was between 14-81 months, with a median of 31 months. The median cumulative
prostate dose in our series was 64 Gray (Gy) (range 62 to 78 Gy). The 5-year BFS for all patients was 65.1%, and
5-year BFS in low-risk, intermediate-risk and high-risk groups were 100%, 86.5%, and 54.9% respectively.
Multivariate analysis found statistically significant relation between 5-year BFS and initial PSA>20, Gleason
score 8-10, high risk group, TNM stage≥T2cN0M0, radiotherapy dose<70 Gy, radiotherapy with 2D technique
and hormonal therapy in high-risk group (p=0.003, p=0.032, p=0.014, p=0.001, p=0.035, p=0.035, p=0.022
respectively).
Conclusion: Our seven years’ experience of follow-up with PSA showed that PSA was the strongest predictor of
biochemical progression survival in patients with prostate cancer who were treated with definitive external beam
radiation therapy.
Keywords: prostate cancer, progression-free survival, definitive radiotherapy, prostate specific antigen

1. Introduction
After gastric and lung cancer, prostate cancer is now the third most frequent visceral cancer in Iranian men and the
fifth most common cancer worldwide. Although its incidence is much lower in Iran than in Western countries, the
number has dramatically increased over the past ten years (1). Increased public health awareness in Iran of
measuring total serum prostate specific antigens (PSAs) with the aim of screening and early detection of prostate
cancer at earlier stages has resulted in increased early diagnoses of prostate cancer in recent years (2-4). These men
with a clinically localized disease can be treated with radical prostatectomy, definitive external beam radiation
therapy (EBRT) with or without brachytherapy, hormonal therapy and active surveillance.
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Choosing the best method of treatment for patients with prostate cancer depends on a number of factors such as
initial total serum PSA, risk groups, Gleason grading score, clinical TNM staging and life expectancy (5). EBRT
(with or without brachytherapy) and radical prostatectomy have similar curative and long-term efficacy in the
treatment of clinically organ-confined prostate cancer (6-7). These types of treatment have acceptable long-term
cure rates in clinically localized prostate cancer patients, but unfortunately 30% to 50% of these patients will show
evidence of PSA failure ten years after treatment with definitive external beam radiation therapy (8). Because of the
lack of randomized clinical follow-up trials in clinically organ- confined prostate cancer patients treated with
brachytherapy, only EBRT has been included in this study. After about 24 months of EBRT, most patients might
achieve a nadir of total serum PSA. Almost all clinically localized prostate cancer patients who have any type of
disease recurrence present the first time with PSA elevation of 2 ng/mL above nadir PSA (9-11). This study aimed
to describe the biochemical progression-free survival and related prognostic factors for localized prostate cancer
treated with definitive EBRT in Iran.

2. Material and Methods
2.1 Research Design and Setting
This was a single-institutional retrospective-analytic study. Men diagnosed with pathologically localized prostate
cancer from stage T1aN0M0 to stage T3N0M0 (clinical T staging was defined by MRI or transrectal ultrasound)
were treated with definitive radiation therapy and followed up in the radiation-oncology ward of Shohada-e-Tajrish
Hospital in Tehran, Iran between 2006 and 2013. The minimum follow-up period was 24 months. The medical
records of the patients provided information such as age, initial PSA (pretreatment PSA), TNM stage, Gleason
score, radiotherapy dose and technique, and type of radiotherapy machine. The risk groups were defined as low-risk
(T1c- T2a, GS <7 and PSA ≤10 ng/mL), intermediate-risk (T1b-T2b, GS 7, or PSA 11–20 ng/mL) and high-risk
(T2c–T3, GS >7, or PSA >20 ng/mL), and further differentiated in terms of hormonal therapy (in the high-risk
group) and time of biochemical (PSA) failure.

2.2. Eligibility criteria
We included all of the prostate cancer patients who met the inclusion criteria at our center from 2006 to 2013 in the
study. The inclusion criteria were that they be men with a histopathology diagnosis of prostate cancer without lymph
node or distant metastasis that were irradiated by definitive EBRT at our center.  Patients were excluded from the
study if they were without a histopathology diagnosis or without initial serum PSA, if they had been treated by
radical prostatectomy, if they presented with lymph node or distant metastasis, if they had undergone adjuvant
treatments such as radiation therapy or brachytherapy initiated by another radiation oncology center and if they were
without follow-up.

2.3. Data collection
All patients had previously been treated with a linear accelerator (Linac) 9 MV or Cobalt 60 with 64-76 gray (Gy) in
32-38 fractions with 2 Gy per fraction. First, 44 to 46-Gy whole pelvic radiations were given to patients if they were
at a higher risk of lymphatic spread, and then a 30-Gy boost dose was delivered to the prostatic fossa with or without
seminal vesicle. Patients received a total dose of less than 70 Gy administered by two-dimensional (2D) treatment
planning. Patients received a total radiation dose of 70 Gy or above administered by three-dimensional (3D)
treatment planning such as three dimensional-conformal radiation therapy (3D-CRT). Radiation therapy was used 5
days a week from Saturday to Wednesday (with the exception of public holidays) with 2 Gy per fraction with 2D or
3D treatment planning. All patients were followed up according to standard guidelines and continuously, at least
every three months for the first two years and at 6-month intervals thereafter. The follow-up procedure included
disease-specific history and PSA monitoring. The 5-year BFS was determined per the definition of biochemical
failure (BF) of PSA as rising by 2 ng/mL above the nadir after radiation therapy.

2.4. Ethical considerations
The ethical regulations dictated in the act provided by Shohada-e-Tajrish Hospital in Shahid Beheshti University of
Medical Sciences (reference number of research ethics committee: 301/5375) were strictly observed. The data is
preserved regardless of the patient`s names. All patients were followed-up by standard guidelines.

2.5. Statistical analyses
We used the Kaplan–Meier method to calculate 5-year BFS from the first day of radiotherapy and used pairwise log
rank tests for comparisons of low-risk, intermediate-risk and high-risk groups. For multivariate analysis, the Cox
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proportional hazards model was used to assess the strengths of various factors for 5-year BFS. The statistical
analyses were performed using software SPSS version 21 (SPSS IBM).

3. Results
The study included 192 patients. The follow-up period was between 14-81 months, with a median of 31 months.
Their median age was 67 years (range: 48 to 87 years). 131 patients (68.2%) were in stage<T2CN0M0, and 61
patients (31.8%) were in stage≥T2CN0M0. 124 patients (64.6%) had a combined Gleason score between 2-7, and
68 patients (35.4%) had a combined Gleason score between 8 and 10. According to the risk group, there were 3.6 %
low-risk, 27.1% intermediate-risk, and 69.3% high-risk cases. Clinical T stages were 1% T1a, 17.7% T1b, 21.3%
T1c, 21.9% T2a, 6.8 %T2b, 6.3 % T2c, and 25% T3 cases. The median pretreatment PSA was 22.8 ng/mL (range:
1.8 to 455 ng/mL). 53.1% of our patients had initial PSA>20 ng/mL, and 46.9% had initial PSA≤20 ng/mL.

The median cumulative prostate dosage in our series was 64 Gy with a range of 62 to 78 Gy). For subsequent
analysis, radiation dosage was grouped into patients who received less than 70 Gy using two-dimensional radiation
therapy (74.5%) and those who received 70 Gy or more using three- dimensional radiation therapy (24.5%). 44.3%
of our patients were treated with Cobalt 60 and 55.7% were treated with Linac 9MV. Neoadjuvant hormonal
therapy, concomitant hormonal therapy and adjuvant hormonal therapy were used in 81 of high-risk patients
(60.9%). Biochemical failure was seen in 62 patients (32.3%). The patient and treatment characteristics are shown in
Table 1.

Table 1. The patients and treatment characteristics of 192 prostate cancer patients
Characteristic Value (%)

Age (years) < 65 73 (38)
≥ 65 119 (62)

Initial PSA group (ng/mL) PSA≤20 90 (46.9)
PSA>20 102 (53.1)

Risk group Low risk 7 (3.6)
Intermediate risk 52 (27.1)
High risk 133 (69.3)

TNM stage ≤T2bN0M0 131 (68.7)
≥ T2cN0M0 61 (31.3)

Gleason score group 2-7 124 (64.6)
8-10 68 (35.4)

Radiotherapy dose group <70 Gy 145 (75.5)
≥70 Gy 47 (24.5)

Radiotherapy machine Co60 85 (44.3)
Linac 9MV 107 (55.7)

Radiotherapy technique 2D 145 (75.5)
3D 47 (24.5)

Hormonal therapy (in high-risk group) Yes 153 (79.7)
No 39 (20.3)

Biochemical failure Yes 62 (32.3)
No 130 (67.7)

Total patients 192 (100)

The 5-year biochemical progression-free survival (BFS) for all patients was 65.1%, and 5-year BFS in the low-risk,
intermediate-risk and high-risk groups were 100%, 86.5% and 54.9% respectively. According to the Kaplan-Meier
analysis and pairwise 5-year BFS log-rank comparisons of low-risk to intermediate-risk p=0.311, low-risk compared
to high-risk p=0.170, intermediate-risk compared to high-risk p=0.014, overall 5-year BFS comparisons p=0.018.
Multivariate analysis found a significant correlation between 5-year BFS and initial PSA>20 (compared to initial
PSA≤20) (p=0.003, HR=4.22, 95% CI=1.31-8.33), Gleason score 8-10 (compared to Gleason score 2-7) (p=0.032,
HR=2.04, 95% CI=2.32-3.11), high-risk group (compared to intermediate-risk group) (p=0.014, HR=7.25, 95%
CI=1.22-14.17), TNM stage≥T2cN0M0 (compared to TNM stage≤T2bN0M0) (p=0.001, HR=8.45, 95% CI=3.25-
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17.55), radiotherapy dose<70 Gy (compared to radiotherapy dose≥70 Gy) (p=0.035, HR=3.22, 95% CI=1.24 -
5.35), Radiotherapy with 2D technique (compared to radiotherapy with 3D technique) (p=0.035, HR=3.22, 95%
CI=1.24 -5.35), and hormonal therapy in high-risk group (compared to no hormonal therapy) (p=0.022, HR=2.55,
95% CI=1.72-4.04) (Table 2). There was no statistically significant relationship between 5-year BFS and age
(p=0.425, HR=1.27, 95% CI=1.17-2.15), and type of radiotherapy machine (p=0.062, HR=1.76, 95% CI=0.52-3.22).
The favorable prognostic factors in multivariate analysis were initial PSA≤20, Gleason score 2-7, intermediate-risk
group, TNM stage≤T2bN0M0, radiotherapy dose≥70 Gy, radiotherapy with 3D technique and hormonal therapy
(in high-risk group). Independent predictor factors for 5-year BFS are shown in Table 2.

Table 2. The 5-year biochemical progression-free survival according to multivariate analysis
Factor Multivariate analysis

HRa (95% CIb) p-value
Age≥65/Age<65 1.27 (1.17-2.15) 0.425
Initial PSAc>20/Initial PSA≤20 4.22 (1.31-8.33) 0.003
High-risk group/Intermediate risk group 7.25 (1.22-14.17) 0.014
Gleason score 8-10/Gleason score 2-7 2.04 (2.32-3.11) 0.032
TNM stage≥T2cN0M0/TNM stage≤T2bN0M0 8.45 (3.25-17.55) 0.001
Radiotherapy dose<70 Gy/Radiotherapy dose≥70 Gy 3.22 (1.24-5.35) 0.035
Radiotherapy machine with Co60/ Radiotherapy machine with Linacd 9MV 1.76 (0.52-3.22) 0.062
Radiotherapy with 2De technique/ Radiotherapy with 3D technique 3.22 (1.24-5.35) 0.035
Hormonal therapy/No hormonal therapy (in high-risk group) 2.55 (1.72-4.04) 0.022

aHR: hazard ratio; bCI: confidence interval; cPSA: prostate-specific antigen; dLinac: linear accelerator; eD:
dimensional

4. Discussion
Measurement of total serum PSA has always been identified as one of the strongest predictors of biochemical
progression and overall survival for more than twenty years to determine the efficacy of external beam radiation
therapy in localized prostate cancer patients (9). It is clear that in the majority of prostate cancer patients, PSA
decreases after definitive EBRT, but some prostate cancer patients will have an increasing serum PSA after
definitive EBRT that indicates recurrence of the disease (10). Many reports have indicated that there is a clear
relationship between the PSA nadir after definitive EBRT and the subsequent disease course (11). For example,
Hanks et al. showed that based on information obtained from patients treated with RTOG protocols a level PSA of
1.5 ng/mL was the upper limit of normal (12). Other investigators found that prostate cancer patients with a PSA
nadir of less than 1 ng/mL after definitive EBRT experienced favourable 5-year BFS. Independent of initial total
serum PSA, combined Gleason grade and T stage, prostate cancer patients who were treated with EBRT with a PSA
nadir of less than 1 ng/ml had a better 5-year BFS in multivariate analysis. In the present study the 5-year BFS was
65.1%, which is slightly lower than that in an earlier study of the meta-analysis of five large RTOG trials, which
reported a 5-year BFS of 71.9% (13). There were several reasons for this difference: In our study, there were 69.3%
of cases in the high-risk group with over 50% of them presented with initial PSA>20 ng/mL that was higher than in
well-developed Western countries. More than 70% of our patients received a cumulative radiation dose of less than
70 Gy with 2D technique, while the RTOG trials used radiation doses exceeding 70 Gy that explained the high rate
(32.3%) of BF in our study compared to 16.7% in their series. In our study, only 24.5% of patients received a
cumulative radiation dose≥70 Gy with 3D radiotherapy technique, while Zietman et al. conducted a long-term trial
that compared the conventional 2D radiotherapy technique with modern radiotherapy techniques such as 3D-CRT
and IMRT that can deliver higher doses >72 Gy, a significant decrease of 5-year BFS from 32.4% to 16.7% (14). In
the multivariate analysis a few important predictors of 5-year BFS were identified (15). Independent predictors of
unfavorable 5-year BFS in our study were initial PSA>20, Gleason score 8-10, high-risk group, TNM stage≥
T2cN0M0, radiotherapy dose<70 Gy, radiotherapy with 2D technique and no hormonal therapy (in high-risk group).
There were some limitations in our study. First, our study was a retrospective-analytic study such as all those
inherent in a retrospective analysis. Second, the median follow-up period was short (31 months). Third, the number
of patients (192 patients) was considered small for accurate analysis of predictive factors.

5. Conclusions
In summary, in this retrospective-analytic study, initial PSA≤20, Gleason score 2-7, intermediate-risk group, TNM
stage≤T2bN0M0, radiotherapy dose≥70 Gy, radiotherapy with 3D technique and hormonal therapy (in high-risk
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group) were independent favorable prognostic factors for 5-year BFS in multivariate analysis. There was no
statistically significant relationship between 5-year BFS and age and type of radiotherapy machine by multivariate
analysis. Our seven years’ experience of follow-up with PSA showed that PSA was the strongest predictor of
biochemical progression survival in patients with prostate cancer who were treated with definitive EBRT.
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