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Original Article

Purpose: To study the long-term outcomes and tolerance in our patients who received dose escalated radiotherapy in the early 
salvage post-prostatectomy setting.
Materials and Methods: The medical records of 54 consecutive patients who underwent radical prostatectomy subsequently 
followed by salvage radiation therapy (SRT) to the prostate bed between 2003–2010 were analyzed. Patients included were required 
to have a pre-radiation prostate specific antigen level (PSA) of 2 ng/mL or less. The median SRT dose was 70.2 Gy. Biochemical 
failure after salvage radiation was defined as a PSA level >0.2 ng/mL. Biochemical control and survival endpoints were analyzed 
using the Kaplan-Meier method. Univariate and multivariate Cox regression analysis were used to identify the potential impact of 
confounding factors on outcomes.
Results: The median pre-SRT PSA was 0.45 ng/mL and the median follow-up time was 71 months. The 4- and 7-year actuarial 
biochemical control rates were 75.7% and 63.2%, respectively. The actuarial 4- and 7-year distant metastasis-free survival was 
93.7% and 87.0%, respectively, and the actuarial 7-year prostate cancer specific survival was 94.9%. Grade 3 late genitourinary 
toxicity developed in 14 patients (25.9%), while grade 4 late genitourinary toxicity developed in 2 patients (3.7%). Grade 3 late 
gastrointestinal toxicity developed in 1 patient (1.9%), and grade 4 late gastrointestinal toxicity developed in 1 patient (1.9%). 
Conclusion: In this series with long-term follow-up, early SRT provided outcomes and toxicity profiles similar to those reported 
from the three major randomized trials studying adjuvant radiation therapy.
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Introduction

Prostate cancer generally presents with localized disease 
amenable to cure via radical prostatectomy. However, although 
surgery provides excellent control rates, about 20%–40% will 
experience biochemical prostate specific antigen (PSA) failure 
[1,2]. Without salvage treatment, such as salvage radiation 

(SRT), 34% of men with biochemical failure will develop distant 
metastasis in 5 years, and median time to metastases has been 
reported to be 8 years from the time of biochemical failure 
[3]. While there have been 3 prospective randomized trials 
providing evidence in support of adjuvant radiation therapy, 
no prospective randomized trial has been published addressing 
the benefit of SRT. However, several retrospective studies have 
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reported that SRT improves both cancer specific survival and 
overall survival in patients with PSA failure [4,5].
  For those who receive SRT, the role of dose escalated 
radiotherapy (RT) is not clear. Although dose escalation has 
been shown in prospective studies to improve biochemical 
survival in the definitive setting, dose escalation in the salvage 
setting has not been tested thoroughly. The three seminal 
retrospective studies used median radiation doses ranging 
between 64.8–66.5 Gy [4-6]. However, a recent meta-analysis 
suggests a benefit of 2% improvement in recurrence-free 
survival (RFS) for each additional gray administered in a 
salvage setting [7]. Therefore, the purpose of this study is to 
evaluate the outcomes and toxicities of patients treated with 
SRT at the New York Harbor Veterans Affairs Hospital with 
doses escalated to 70.2 Gy.

Materials and Methods

After approval by the Department of Veterans Affairs New 
York Harbor Institutional Review Board, we retrospectively 
analyzed the medical records of patients who received surgery 
subsequently followed by radiation therapy to the prostate bed 
between 2003–2010 and had a pre-RT PSA level of 2 ng/mL or 
less. A total of 80 patients were identified. Seven patients were 
excluded for having a pre-RT PSA above 2 ng/mL. An additional 
16 patients were excluded for undergoing adjuvant radiation 
with an undetectable PSA rather than salvage and three 
patients were excluded for being treated with neoadjuvant or 
concurrent androgen deprivation. After exclusions, 54 patients 
were available for analysis.
  The metastatic workup prior to the initiation of salvage 
radiation included a diagnostic CT scan for all patients to 
rule out pelvic adenopathy. Bone scans were ordered at 
the discretion of the treating physician but were generally 
ordered for patients who had clinically high risk disease and/
or a rapidly rising postoperative PSA. The radiation dose and 
technique varied over time. From 2003 through 2004, patients 
were treated exclusively with three-dimensional conformal 
radiation therapy (3D-CRT). Starting in late 2005, intensity-
modulated radiation therapy (IMRT) came into use and by 2008 
all patients were being treated exclusively with IMRT. Radiation 
fields consisted of the prostate bed alone for 30 patients. The 
remaining patients were initially treated to the true pelvis (24 
patients) or the whole pelvis (3 patients) followed a cone down 
to the prostate bed. Patients treated with 3D-CRT generally 
received 6 field coplanar beams with 10 MV photons, or an 

initial 4 field plan followed by a 6 field cone down. IMRT plans 
generally consisted of 7–9 coplanar beams using 6 or 10 MV 
photons. The clinical target volumes were contoured per the 
Radiation Therapy Oncology Group (RTOG) guidelines [8] and 
included the caudal vas deferens remnant superiorly, the 
penile bulb inferiorly the obturator internus muscles laterally 
and the posterior aspect of the pubic symphysis and posterior 
2 cm of the bladder wall anteriorly. For 3D-CRT plans a margin 
of 1.5 cm was placed around the clinical target volume to 
make the planning target volume, allowing additional room 
for penumbra. For IMRT plans, an 8-mm margin was placed all 
around the clinical target volume to make the final planning 
target volume. The median RT dose was 70.2 Gy and 43 
patients (80%) received this dose. The remaining patients 
received RT doses of 66.6 Gy (9 patients), 65 Gy (1 patient), or 
63.8 Gy (1 patient). 
  We retrospectively reviewed all the medical records of these 
patients, including both the records from our clinics as well as 
other clinics within the nationwide Veterans Affairs system. 
Biochemical failure after salvage radiation was defined as a 
PSA level >0.2 ng/mL followed by a confirmatory measurement 
or by the initiation of salvage androgen deprivation therapy. 
Distant failure was defined based on radiographic evidence of 
metastatic disease. Prostate cancer specific death was defined 
as patients who died from their disease or died from an 
undetermined cause but at last contact were known to have 
castrate resistant metastatic prostate cancer. 
  Follow-up time was calculated from the date that the 
radiation therapy treatments were completed. Patients 
were generally followed every 3–6 months for the first two 
years and then every 6–12 months thereafter. Toxicity was 
determined from the chart and was graded according to 
the National Cancer Institute Common Terminology Criteria 
for Adverse Events v3.0. Grade 1 toxicity corresponded to 
minimal side effects, grade 2 toxicity corresponded to side 
effects requiring medications, grade 3 corresponded to side 
effects requiring minor procedures or interventions, and 
grade 4 toxicity corresponded to medical admission due to 
life threatening complications. Differences in toxicities based 
on radiation therapy technique were compared using Fisher 
exact test. Biochemical control, distant control, and survival 
endpoints were analyzed using the Kaplan-Meier methods and 
compared using the log rank test. Univariate and multivariate 
Cox regression analysis was used to determine the potential 
impact of covariates on biochemical control and distant 
control endpoints. Statistical significance was defined as a 
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p-value <0.05. All analyses were carried our using SPSS ver. 21 
(IBM, Armonk, NY, USA).

Results

The median follow-up time was 71 months (range, 17 to 127 
months) and 96.3% of patients were followed at least 2 years. 
The median PSA level at the time of radiation therapy was 
0.45 ng/mL (range, 0.1 to 2.0 ng/mL) and the median time 
from surgery to biochemical failure was 23.5 months (range, 

1 to 91 months). There were 3 patients who were noted by the 
referring Urologist to have a rising PSA from undetectable level 
to 0.1 ng/mL and subsequently underwent salvage therapy. The 
remaining patients had a pre-RT PSA of 0.2 to 2 ng/mL, which 
led to a referral for salvage radiation. Further details regarding 
patient and salvage radiation characteristics are available in 
Tables 1 and 2.

1. Biochemical and distant control outcomes
There were a total of 17 biochemical failures at a median of 
9 months post-RT (range, 0 to 75 months). The 4- and 7-year 
actuarial biochemical control rates were 75.7% and 63.2%, 
respectively (Fig. 1). Of the 17 patients who had a biochemical 
recurrence, the median PSA value at the last follow-up was 
1.90 ng/mL (range, 0 to 518 ng/mL). There were 5 patients 
who developed distant metastatic disease. These patients 
were diagnosed with metastases at 10, 35, 43, and 56 and 
78 months after completing their radiation. The patient who 
was found to have metastases at 10 months remains alive 
at 70 months post-RT but with hormone refractory disease 
and a PSA of 518 ng/mL. The patient who was found to have 

Table 1. Patients’ characteristics

Parameter No. (%)

Age (yr)
    51–60
    61–70
    >70
pGleason
    ≤6
    7
    8–10
    Unknown
Prostate specific antigen (ng/mL)
    <10
    10.1–20
    >20
    Unknown
Pathologic T stage
    T2a-c
    T3a
    T3b
    Unknown
Margins
    Negative
    Positive
    Unknown
No. of positive margins 
    0
    1
    ≥2
    Unknown
Perineural invasion
    Yes
    No
    Unknown
Lymphovascular invasion
    Yes
    No
    Unknown

24 (44.0)
22 (41.0)
8 (15.0)

10 (19.0)
35 (65.0)
5 (9.0)
4 (7.0)

36 (67.0)
12 (22.0)
4 (7.0)
2 (4.0)

31 (57.0)
10 (19.0)
11 (20.0)
2 (4.0)

19 (35.0)
33 (61.0)
2 (4.0)

19 (35.0)
21 (39.0)
12 (22.0)
2 (4.0)

31 (57.0)
21 (39.0)
2 (4.0)

6 (11.0)
46 (85.0)
2 (4.0)

*Numbers may not equal 100 due to rounding.

Table 2. Salvage radiation therapy details

Parameter No. (%)

Pre-radiation PSA (ng/mL)
    ≤0.5
    0.51–1.0
    >1
Time to failure (mo)
    1–12
    13–24
    25–60
    >60
Treatment technique
    3D-CRT
    IMRT
Fields
    Whole pelvis
    True pelvis
    Prostate bed
Dose (Gy)
    63.8–65.0
    66.6
    70.2

36 (67.0)
14 (26.0)
4 (7.0)

18 (33.0)
10 (19.0)
14 (26.0)
12 (22.0)

36 (67.0)
18 (33.0)

3 (6.0)
23 (43.0)
28 (52.0)

2 (4.0)
9 (17.0)

43 (80.0)

Numbers may not equal 100 due to rounding.
PSA, prostate specific antigen; 3D-CRT, three-dimensional con-
formal radiation therapy; IMRT, intensity-modulated radiation 
therapy.
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distant metastases at 43 months post-RT also remains alive at 
80 months post-treatment but also has hormone refractory 
disease with a PSA of 38.5 ng/mL. The patient who developed 
metastases at 35 months ultimately died from prostate cancer 
at 40 months after his radiation treatments and the patient 
who developed metastases at 56 months died from prostate 
cancer at 60 months after completing his radiation treatments. 
The patient who developed metastases at 78 months was 
started on androgen deprivation and his most recent PSA is 0.0 
ng/mL at 94 months after completing his radiation treatments. 
The actuarial 4- and 7-year distant metastasis-free survival 
(DMFS) were 93.7% and 87.0%, respectively (Fig. 2). The 
actuarial 7-year prostate cancer specific survival was 94.9%.

2. Toxicity
The radiation treatments were well tolerated in the short-term 
with minimal acute toxicities. Thirty-five patients (64.8%) had 
grade 0–1 genitourinary toxicity and 19 patients had grade 
2 toxicity consisting of dysuria in 7 patients, frequency in 
8 patients, and urgency/hesitancy in 4 patients. In terms of 
short-term gastrointestinal toxicity, 40 patients (74.1%) had 
grade 0–1 toxicity. The remaining 14 patients all had grade 
2 toxicity consisting of rectal pain/proctitis in 8 patients, 
diarrhea in 5 patients, and bleeding in one patient. There were 
no grade 3 or 4 acute toxicities.
  In regards to late genitourinary toxicity, 37 patients (68.5%) 
had grade 0–1 late urinary toxicity. One patients had grade 
2 toxicity (1.9%) consisting of urinary frequency. Fourteen 
patients developed grade 3 toxicity (25.9%) consisting of 
urinary stricture requiring dilation in 10 patients, worsening 
incontinence in three patients, and cystitis requiring hyperbaric 
oxygen in one patient. Two patients (3.7%) had grade 4 

toxicity consisting of cystitis and hematuria requiring blood 
transfusions.
  In regards to late gastrointestinal toxicity, 52 patients 
(96.3%) had grade 0–1 late rectal toxicity. One patient (1.9%) 
developed grade 3 proctitis that required argon plasma 
coagulation. Another patient developed grade 4 proctitis 
(1.9%) that required blood transfusions. There were no grade 5 
urinary or gastrointestinal toxicities.
  We also analyzed the acute and late toxicities by radiation 
technique, in order to determine whether there was any 
improvement with the initiation of IMRT. There were no 
significant differences in toxicity based on the radiation 
treatment. However, with the exception of late gastrointestinal 
toxicity there appeared to be a trend towards a reduction in 
toxicity in those receiving IMRT. Further details are available in 
Table 3.
  
3. Univariate and multivariate analyses
On univariate analysis, a pre-RT PSA level >0.4 ng/mL and 
perineural invasion were predictive for worse biochemical 
control while there was improved biochemical control with a 
radiation dose of 70.2 Gy. On multivariate analysis, PSA level 
>0.4 ng/mL and radiation dose of 70.2 Gy were statistically 
significant predictors for biochemical outcome. Further details 
are available in Table 4. 

Discussion and Conclusion

This study of patients treated with dose escalated SRT after 
biochemical failure with a median PSA of 0.45 ng/mL reveals 
excellent long-term outcomes, with a 7-year actuarial 

Fig. 2. The actuarial 4- and 7-year distant metastatic-free sur-
vival rates.

Fig. 1. The actuarial 4- and 7-year biochemical control rates.
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biochemical control rate of 63.2%, 7-year DMFS of 87.0%, and 
7-year prostate cancer specific survival of 94.9%.
  It is difficult to directly compare our results to the prior 

randomized studies on adjuvant RT. In those studies the 
patients had not yet had a biochemical recurrence, so there 
are a number of patients who received RT that would not 
have needed it, as opposed to our study where all patients 
had to have a biochemical recurrence in order to receive 
SRT. Furthermore, the patient population in the randomized 
studies may not match ours in terms of pathologic stage of 
disease. Nevertheless, it should be noted that our biochemical 
control results with early salvage do appear similar to the 
data from the randomized trials on adjuvant RT. Wiegel et 
al. [9,10] reported on patients with pT3-T4 patient with or 
without positive margins with undetectable PSA, which were 
randomized to RT to prostate bed to 60 Gy vs. observation. At 
5- and 10-year biochemical progression-free survivals (bPFS) 
were 72% and 56% in the RT group, respectively. Bolla et al. 
[11,12] randomized patients with pT2-T3 with extra capsular 
extension, seminal vesicle invasion or positive margin to 
observation vs. RT to 60 Gy. The 5- and 10-year biochemical 
control rates were 74% and 60.6%, respectively, in the patients 
who received adjuvant radiation. The Southwest Oncology 
Group (SWOG) reported results of a similar adjuvant trial 
which showed a bRFS at 5 and 10 years of 61% and 47% in 

Table 3. Analysis of acute and late toxicities based on radiation 

technique

Toxicity 3D-CRT (n = 36) IMRT (n = 18) p-value

Acute GU
    Grade 0–1
    Grade 2
Acute GI
    Grade 0–1
    Grade 2
Late GU
    Grade 0–2
    Grade 3–4
Late GI
    Grade 0–2
    Grade 3–4

22 (61.1)
14 (38.9)

24 (66.7)
12 (33.3)

24 (66.7)
12 (33.3)

36 (100)
0 (0)

13 (72.2)
5 (27.8)

16 (88.9)
2 (11.1)

14 (77.8)
4 (22.2)

16 (88.9)
2 (11.1)

0.55

0.11

0.53

0.11

Values are presented as number (%).
GU, genitourinary; GI, gastrointestinal; 3D-CRT, three-dimen-
sional conformal radiation therapy; IMRT, intensity-modulated 
radiation therapy.

Table 4. Univariate and multivariate analysis for biochemical control

Univariate Multivariate

HR (95% CI) p-value HR (95% CI) p-value

Pre-RT PSA (ng/mL)
    ≤0.4
    >0.4
Margins
    Positive
    Negative
Perineural invasion
    Yes
    No
Lymphovascular invasion
    Yes
    No
RT dose (Gy)
    <70.2
    70.2
Extracapsular extension
    Yes
    No
Seminal vesicle invasion
    Yes
    No

1
  4.05 (1.31–12.49)

1.47 (0.52–4.18)
1

4.43 (1.26–15.61)
1

2.00 (0.57–7.04)
1

1
0.33 (0.12–0.91)

0.56 (0.16–1.93)
1

1.83 (0.64–5.19)
1

0.02

0.47

0.02

0.28

0.03

0.35

0.26

1
  6.40 (1.57–26.02)

1.69 (0.49–5.85)
1

2.25 (0.58–8.64)
1

2.55 (0.57–11.37)
1

1
0.11 (0.03–0.47)

0.59 (0.16–2.15)
1

0.81 (0.23–2.83)
1

0.01

0.41

0.24

0.22

  0.003

0.42

0.74

HR, hazard ratio; CI, confidence interval; RT, radiation therapy; PSA, prostate specific antigen.
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the patients that received adjuvant RT [13].
  Our data also compares favorably to the DMFS reported in 
the adjuvant trials. Wiegel et al. [9] reported a 98% DMFS with 
a median follow-up of 53.7 months. Bolla et al. [11] reported 
a 10-year DMFS of 76.5% in the adjuvant RT group. SWOG 
reported 10-year DMFS 71% in the patients receiving adjuvant 
RT [14].
  There have been many retrospective studies published in 
the salvage setting and they too compare favorably to the 
current study. Stephenson et al. [6] analyzed 1,540 patients 
from 17 centers who received SRT with a median follow-
up of 53 months and a median pre-RT PSA of 1.1 ng/mL. The 
6-year overall progression-free probability (PFP) was 32%. 
Neuhof et al. [15] analyzed 171 patients with biochemical 
failure after radical prostatectomy median with a Pre-RT PSA 
1.1 ng/mL who were treated with SRT. With a median follow-
up of 39 months, actuarial 3- and 5-year bRFS were 42.9% 
and 35.1%. Pisansky et al. [16] analyzed 166 patients with a 
median follow-up of 52 months, and median Pre-RT PSA of 
0.9 ng/mL. They reported a 5-year bRFS of 46% and relapse-
free survival of 84%. Goenka et al. [17] published the Memorial 
Sloan Kettering experience of salvage radiotherapy with a 
median PSA of 0.4 ng/mL and reported an actuarial 7-year PSA 
relapse-free survival and DMFS of 37% and 77%, respectively.
  Two potential reasons why our results appear stronger than 
some other retrospective studies may be that our patients had 
a very low median pre-RT PSA and that 80% of the patients in 
our study received dose escalation to 70.2 Gy. The prognostic 
importance of Pre-RT PSA levels have been confirmed in 
multiple retrospective studies. Stephenson et al. [6] reported 
that when patients were stratified by pre-RT PSA, 6-year PFP 
was 48% for PSA <0.5 ng/mL, 40% for PSA between 0.51–1.0 
ng/mL, 28% for PSA between 1.01–1.5 ng/mL, and 18% for PSA 
>1.5 ng/mL. Ost et al. [18] reported patients that received early 
salvage RT (Pre-RT PSA <0. 5 ng/mL) had a significantly better 
bRFS than patients with late salvage RT (Pre-RT PSA >0.5 ng/
mL). The 3-year bRFS was 86% for the early salvage vs. 46% 
for the late salvage (p < 0.001). Briganti et al. [19] reported 
on a multi-institutional cohort of 472 patients that received 
SRT with a PSA ≤0.5 ng/mL. The 5-year bRFS was noted to be 
73.4%. A recent collaborative review of the literature, which 
included 10 retrospective studies, confirmed these findings as 
well, reporting a 5-year bRFS of 71.1% with PSA ≤0.5 ng/mL 
[20].
  Dose escalation >65 Gy in the salvage setting has also been 
shown in multiple retrospective studies to benefit biochemical 

control in the salvage setting. Bernard et al. [21] evaluated 
364 patients with rising PSA after radical prostatectomy who 
received SRT between 1987 and 2007. Patients were stratified 
retrospectively by dose into low (<64.8 Gy), moderate (64.8–
66.6 Gy), and high (>66.6 Gy) and patients were followed for a 
median of 6.0 years. Cumulative results of 5-year biochemical 
failure resulted in 57%, 46%, and 39% for the low, moderate, 
and high dose groups, respectively, with a statistically 
significant difference between the low and the high groups (p 
= 0.04). King et al. [22] compared a cohort of 122 patients who 
were treated with salvage radiation with a median dose of 60 
Gy vs. 70 Gy and noted a significantly higher bRFS rate (58% 
vs. 25%; p < 0.0001). Contrarily, the Memorial Sloan Kettering 
Cancer Center experience comparing salvage radiation doses 
of ≥65 to ≥70 Gy, found that doses ≥70 Gy did not precipitate 
improvement in biochemical control rates [16]. Current ASTRO/
AUA guidelines state that doses above 65 Gy can be safely 
delivered and may lead to improved tumor control [23]. In our 
study, receipt of 70.2 Gy did appear to correlate strongly with 
improved biochemical control on multivariate analysis, with 
a hazard ratio of 0.11 (95% confidence interval, 0.03–0.47; p 
= 0.003). However, as noted earlier, dose escalation would be 
expected to provide a relatively small incremental benefit in 
biochemical control [7]. Therefore, given the highly significant 
hazard ratio of 0.11 in this study, it seems likely that selection 
bias within our cohort is playing a role in this correlation 
rather than the impact of dose escalation alone. 
  Toxicity in our cohort is comparable to other reports of 
toxicity in the post-operative setting. The SWOG intergroup 
trial in the adjuvant setting reported rectal complications, 
such as proctitis or rectal bleeding in 3.3% of patient in 
the RT group. Urinary incontinence was noted to be about 
6.5% and urethral stricture 17.8% with post-operative RT 
[24]. Our cohort correlates with the SWOG reported toxicity, 
with late grade 3–4 rectal toxicity noted to be 3.7%, urinary 
incontinence in 5.6% and urinary stricture in 18.5% of 
patients. Three patients were noted to have grade 4 toxicities, 
2 with grade 4 cystitis, and 1 with grade 4 proctitis, requiring 
blood transfusions. Perhaps with increased use of image 
guided radiotherapy, these toxicities, both in rate and grade 
would have decreased.
  The present study has several limitations. Our study included 
54 patients which is low in comparison to similar cohorts. The 
retrospective nature of this study predisposes itself to multiple 
possible biases, as noted earlier regarding the significance 
noted with higher SRT doses on multivariate analysis. In 
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addition, there may have been other selection biases whereby 
patients who had a biochemical failure with more aggressive 
disease were treated with androgen deprivation alone and 
never referred for SRT. Finally, none of the patients in this 
cohort received androgen deprivation concurrently with their 
radiation therapy. Though the benefit of androgen deprivation 
has been clearly shown in the intact prostate setting, it is 
unclear whether it is beneficial in the salvage setting as well. 
Currently, the RTOG is enrolling patients in a randomized trial, 
RTOG 0534, that is evaluating both the proper radiation fields 
(prostate bed or whole pelvis) as well as the utility of 6 months 
of androgen deprivation in the salvage radiation setting.
  However, despite its limitations and low patient numbers, this 
study does reveal that at a median follow-up of 71 months 
the efficacy of SRT is quite high if started early enough. The 
toxicity was not increased relative to other reports of SRT, 
despite an increase in the radiation dose. Further studies, 
preferably in a prospective nature, are needed to confirm these 
results.
  In conclusion, this retrospective study found that dose 
escalation in the early salvage setting can lead to biochemical 
and distant metastasis-free survival outcomes that appear 
to be comparable to results achieved adjuvant setting. Since 
comparisons between salvage and adjuvant patients are 
flawed, particularly in the retrospective setting, randomized 
studies are needed to confirm these results.
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