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Abstract
Objectives: To identify prognostic factors for biochemical control including post-prostatectomy prostate-specific antigen
(PSA) kinetics in prostate cancer patients undergoing salvage radiotherapy (SRT).
Methods and Materials: Ninety patients who received SRT following radical prostatectomy (RP) were retrospectively
analyzed to determine factors associated with biochemical failure.
Results: Median follow-up was 30 months (range 6-120). The projected 3-year biochemical freedom from progression
(bFFP) was 70%. Factors significantly associated with biochemical failure on univariate analysis included Gleason score
(GS), seminal vesicle invasion (SVI), a length of time from prostatectomy to SRT of less than 12 months, pre-RT PSA
greater than 1.0 ng/mL, a persistently detectable PSA following RP, PSA doubling time (PSADT) of 6 months or less,
PSA velocity (PSAV) of 1.0 ng/mL/y or greater, and a rising PSA trend during treatment. There was a trend toward
decreased bFFP among patients with pathologic tumor stage of T3-T4 (p=0.136) and positive surgical margins (p=0.301).
Pre-RT PSA was found to be a significant predictor of progression with a HR of 3.659 (CI 1.981-8.755) for each increase
in PSA of 1.0 ng/mL.
Conclusion: Early consideration of SRT should be given for patients with high-risk features and rising PSA. Clinical trials
evaluating systemic therapy should be considered for patients with persistently detectable PSA after RP or a rising PSA
trend during SRT.
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1 Introduction
Retrospective data have shown that use of SRT can achieve biochemical control in men with rising PSA following RP [1].
Trock et al. found a significant difference in prostate cancer-specific survival between patients with rising PSA who
received SRT compared with those who did not [2]. SRT is associated with a low but significant risk of late side effects [3],
which suggests a need for effective patient selection. There is currently no imaging study that can conclusively determine
which patients have locally recurrent disease as opposed to occult metastasis. Investigators have identified prognostic
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characteristics and developed nomograms to predict response to SRT
treatment outcomes.

[4]

, but more data is needed to accurately predict

Table 1. Patient and treatment characteristics (n=90)
Median

Range

Age, y

61.4

44.2-78.6

iPSA, ng/mL

8.6

2.1-59.9

Time from RP to RT, m

38

(3.0-162)

Pre-RT PSA, ng/mL

0.4

0-6.3

PSADT, m

6.7

0.9-89.0

PSAV, ng/mL/y

0.4

0-4.5

Prostate Dose, Gy

68.4

61.2-75.6

N

%

Yes

7

7.78

No

83

92.22

Yes

21

23.33

No

69

76.67

2
3a
3b

40
26
11

50.63
32.91
13.92

4

2

2.53

N0

53

55.89

N1

3

3.33

NX

34

37.78

Positive

34

43.94

Negative

45

56.96

Elective Nodal RT

Androgen deprivation therapy

Tumor stage

Nodal stage

Extracapsular extension

Seminal vesicle invasion
Positive

12

15.19

Negative

67

84.81

<6

25

30.12

7

45

54.22

≥8

13

15.66

Positive

42

55.26

Negative

34

44.74

Gleason score

Surgical margin status

Abbreviations: PSA, prostate-specific antigen; iPSA, pre-prostatectomy PSA; pre-RT PSA, PSADT, PSA doubling time; PSAV, PSA velocity
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The clinical value of serum PSA as a marker for identifying disease progression is established in the literature.
Investigators have paid much attention to using PSA kinetics to predict the outcome of RT in the definitive setting [5-6].
This study was performed to evaluate prognostic factors in patients undergoing SRT, defined as RT performed on patients
with rising or persistently elevated PSA following radical prostatectomy. Identifying characteristics associated with
biochemical progression following SRT is important for recognizing traits associated with a low chance for successful
salvage, improving patient selection, and optimizing the timing of post-operative RT. We hypothesize that various
measures of post-prostatectomy PSA kinetics will be useful markers for predicting biochemical control of prostate cancer.

2 Methods and materials
2.1 Patient population
Between July 2001 and October 2011, 129 patients underwent RT following radical prostatectomy at the University of
Alabama, Birmingham Medical Center and the Birmingham VAMC. Patients were routinely followed with serial PSA
measurements following radical prostatectomy. Ninety-nine patients treated with RT because of PSA measurements that
were rising or persistently elevated >0.1 ng/mL following RP were considered to have been treated with salvage intent and
were the subject of this investigation. Adjuvant RT is defined in this paper as the use of post-operative RT due to the
presence of positive surgical margins or extra-prostatic disease spread to reduce the risk of biochemical or clinical disease
recurrence. Patients with PSA ≤0.1 ng/mL and treated within 1 year of RP were considered to have been treated with
adjuvant intent and were not considered for analysis. We excluded an additional 9 patients from analysis due to
insufficient follow-up or use of long-term hormonal deprivation. Patients who received short-term hormonal deprivation
were considered for analysis. The study was approved by the University of Alabama, Birmingham Institutional Review
Board.
We retrospectively reviewed all medical records, PSA values, and pathology reports of the 90 evaluable patients. Details
of patient and treatment characteristics are listed in Table 1.
The median patient age was 61 years (range, 44-78). Pathological stages of patients were T2 (50%), T3 (47%), or T4 (3%).
The median PSA level before prostatectomy was 8.6 ng/mL (range, 2.1-59.9). The median time between surgery and RT
was 38 months (range, 3-162). The median PSA level prior to SRT was 0.4 ng/mL (range, 0.04-6.3). PSADT and PSAV
were calculated for all patients with at least two measureable PSA recordings between prostatectomy and SRT. PSADT
and PSAV were calculated using the nomogram developed at Memorial Sloan-Kettering Cancer Center [7]. Any PSA
values obtained during the use of short-term androgen deprivation therapy (ADT) were excluded from calculations.

2.2 Treatment characteristics
Patients were treated with external beam RT to the prostate fossa to a median dose of 68.4 Gy (61.2-75.6) at 1.8 Gy per
fraction. Seven patients (8%) received elective pelvic nodal irradiation at a dose of either 45 or 50.4 Gy. Twenty-one
patients (23%) received neoadjuvant and/or concurrent ADT as a component of treatment. The median length of ADT was
7 months (range, 5-24).

2.3 Statistical analysis
The study’s primary end-point was bFFP, measured as the time from start of RT to biochemical failure. Biochemical
failure after RT was defined as a post-radiotherapy PSA value of ≥0.4 ng/mL and rising (two consecutive rises with one
being at least 0.4 ng/mL). The time of failure was recorded as the date of the defining PSA value. The threshold value was
chosen because it has been shown to best predict later clinical progression in post-prostatectomy patients [8]. Several
variables of interest were measured including pre-RT PSA, PSA kinetics, GS, presence of extracapsular extension (ECE)
and SVI, surgical margin status, and the use of ADT.
34
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The Kaplan-Meier method was used to estimate the rates of bFFP. Associations of patient factors with time to biochemical
failure were assessed with the log-rank test. Multivariate Cox regression analysis was performed on a subset of 56 of the
90 patients with complete pathological data to evaluate prognostic factors associated with biochemical control.
Relationships with outcomes were summarized with Hazard Ratio (HR) and the 95% confidence interval (CI). Statistical
significance was determined at the 5% level. Analyses were conducted using SAS 9.3.

3 Results
The median follow-up time for the 90 patients receiving SRT was 30 (range, 6-120) months from time of RT. On last
follow-up, 65 of 90 patients (72%) were free from biochemical progression. The projected overall 3-year bFFP was 70%
(Figure 1).

Figure 1. Product-Limit Estimate of
bFFP after Salvage Radiotherapy

Figure 2. Product-Limit Estimate of
bFFP by Gleason Score
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Figure 3. Product-Limit Estimate of
bFFP by Pre-RT PSA

Figure 4. Product-Limit Estimate of
bFFP by Post-RP PSA Nadir

Figure 5. Product-Limit Estimate of
bFFP by Intra-treatment PSA trend
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3.1 Prognostic factors
Univariate analyses of factors associated with biochemical progression following SRT are displayed in Table 3. The
following factors were found to significantly predict biochemical progression: pathological GS >8, with 7 being of
intermediate prognostic value between Gleason <6 and >8 (Figure 2), SVI, a length of time from prostatectomy to SRT of
less than 12 months, pre-RT PSA greater than 1.0 ng/mL (Figure 3), persistently detectable PSA following RP (Figure 4),
PSADT of 6 months or less, and PSAV of 1.0 ng/mL/y or greater. An exploratory analysis was performed on a subgroup of
22 patients who had PSA measurements taken during SRT. PSA measurements drawn during the 5th week of treatment
were compared to baseline values. Patients with a PSA trend that decreased or remained unchanged during treatment had
an 88% bFFP at 3 years (Figure 5), whereas all 3 patients with a PSA that increased had failed within 20 months (p=0.001).
Univariate data are presented in Table 2.
Table 2. Intra-treatment subgroup characteristics (n=22)
Median

Range

Median Age, y

60

48-78

Median iPSA, ng/mL

7.7

2.7-19.2

Median Time from RP to RT, m

22.5

3-119

Median Pre-RT PSA, ng/mL

0.55

0.2-2.5

Median PSADT, m

6.13

1.67-88.98

Median PSAV, ng/mL/y

0.4

0.04-2.7

N

%

11

57.9

4
4

21
21

Positive

14

73.7

Negative

5

26.3

Positive

15

78.9

Negative

4

21.1

<6

8

36.4

7

12

54.4

≥8

2

9.1

Positive

12

63.2

Negative

7

36.8

Tumor stage
2
3a
3b
Extracapsular extension

Seminal vesicle invasion

Gleason score

Surgical margin status

Abbreviations: PSA, prostate-specific antigen; iPSA, pre-prostatectomy PSA; pre-RT PSA, PSADT, PSA doubling time; PSAV, PSA velocity
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Table 3. Univariate analysis of variables associated with biochemical progression free survival
Variable

3-Year bPFS, %

Overall

78

p Value

Prostate Dose, Gy
≥ 68.4

70

< 68.4

72

0.94

Androgen deprivation therapy
Yes

69

No

76

0.73

iPSA
<10 ng/mL

64

>10 ng/mL

71

0.89

Time from RP to RT
>12 months

85

<12 months

54

0.099

Pre-RT PSA
>1.0 ng/mL

34

<1.0ng/mL

82

0.004

PSADT
<6 months

46

>6 months

81

0.045

PSAV
>1.0 ng/mL/y

31

<1.0 ng/mL/y

76

0.019

Tumor stage
T2

77

T3/4

68

0.17

Extracapsular extension
Positive

71

Negative

75

0.31

Seminal vesicle invasion
Positive

46

Negative

83

0.059

Gleason score
<6

92

7

79

≥8

38

0.01

Surgical margin status
Positive

66

Negative

63

0.60

Intra-treatment PSA*
Increase

88

No change/decrease

0

0.0003

Abbreviations: PSA, prostate-specific antigen; iPSA, pre-prostatectomy PSA; PSADT, PSA doubling time; PSAV, PSA velocity
*Subset of 22 patients with PSA measured during 5th week of RT
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3.2 Multivariate analysis
The Cox regression model included pre-RT PSA as a continuous variable, GS, tumor stage, post-prostatectomy PSA nadir,
and use of neoadjuvant or concurrent ADT. Factors found to be significant predictors on univariate analysis were
considered for inclusion during the regression modeling process. Though not found to be a significant predictor of bFFP
on univariate analysis, use of short-course ADT was included as a potentially confounding factor due to its ability to
suppress PSA values during treatment. Other variables found to be significant by univariate analysis were considered
including PSADT and PSAV but were ultimately eliminated in the regression modeling process. Pre-RT PSA was shown
to be a significant predictor of progression with a HR of 3.659 (CI 1.981-8.755) for each increase in PSA of 1.0 ng/mL. A
GS of 8 or higher was a significant predictor of progression in reference to a score of 6 or lower. The multivariate data are
presented in Table 4.
Table 4. Multivariate cox regression analysis of variables associated with biochemical progression free survival
Variable

HR (95% CI)

p Value

Pre-RT PSA (continuous)

4.164 (1.981-8.755)

0.00002

Gleason score
<6

Reference

7

5.485 (0.676-44.525)

0.1111

≥8

21.601 (2.255-206.96)

0.0077

1.34 (0.47-3.821)

0.5845

0.465 (0.11-1.961)

0.2971

Tumor stage
T3/4
Androgen Deprivation Therapy
Yes
Abbreviations: PSA, prostate-specific antigen

4 Discussion
Clinical trials have shown a positive impact on biochemical progression-free survival from adjuvant radiation in the
treatment of selected patients, and subjects with positive surgical margins derived the most benefit [9]. Analyzing patterns
of failure following prostatectomy, Swanson et al. found that a rising PSA is most often associated with residual local
disease and that adjuvant radiation reduces the risk of biochemical failure and subsequent metastasis [10]. Data from
SWOG 8794 have shown that adjuvant RT can improve metastasis-free and overall survival in patients with locally
advanced disease [11].
While no published data from large clinical trials has established the optimal timing of post-prostatectomy RT, the
RADICALS, RAVES, and GETUG-17 trials are investigating this topic [12-14]. Our data demonstrated that a length of time
from prostatectomy to SRT shorter than 12 months was a predictor of poor outcome, which likely reflected the presence of
aggressive disease requiring earlier salvage. Existing retrospective data have shown that SRT offers the potential for cure
in patients with biochemical progression following RP [1]. The 3-year bFFP of our cohort of SRT patients was 70%, which
is comparable to findings in similar studies [6, 15]. Variation is likely due in part to the fact that different thresholds have
been used for biochemical failure. Univariate analysis of our data revealed that GS, SVI, PSADT of 6 months or less,
PSAV greater than 1.0 ng/mL/y, and pre-RT PSA greater than 1.0 ng/mL were significant predictors of biochemical
progression.
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Stephenson et al. examined 501 patients who received SRT and found that significant predictors of progression were GS of
8 to 10, a pre-RT PSA level of 1.0 ng/mL or greater, negative surgical margins, PSADT of 10 months or less, and SVI [1].
The presence of positive margins was considered a strong predictor of response to SRT, as it suggests that biochemical
progression is related to residual local disease. Our data demonstrated a trend toward decreased survival among patients
with negative surgical margins (p=0.301), though the sample size was inadequate to detect a difference. We also did not
find an association of ECE with treatment failure, though extracapsular disease may serve as a surrogate marker of residual
disease in the post-operative setting. We attempted to build upon previous work by including additional analyses of PSA
kinetics, including PSADT, PSAV, and intra-treatment PSA trend. We examined pre-RT PSA as a continuous variable in
our multivariate model.
Factors such as high GS, SVI, and rapid PSA kinetics indicate the presence of aggressive disease that is prone to
metastasis [16-17]. The findings from our study support this assertion. We examined two measures of post-prostatectomy
PSA kinetics, PSADT and PSAV. Previous work has shown that PSAV independently predicts for biochemical failure
after SRT [6]. King et al. assert that PSAV is a better predictor of progression than PSADT in the post-RP setting because
the majority of the patients have local recurrence, which they hypothesize follows zero-order kinetics. Our data found an
association of both measures with biochemical progression.
Patients with a pre-RT PSA greater than 1.0 ng/mL had a 3-year bFFP of 34% compared with 82% in patients with a value
of 1.0 ng/mL or less. On multivariate analysis, an increase in pre-RT PSA of 1.0 ng/mL was associated with a four-fold
increase in biochemical failure. PSA progression is associated with an increased risk of distant metastasis [16]. Patients who
receive early SRT are more likely to achieve long-term biochemical control and, therefore, will have a decreased risk of
distant disease spread. The association of pre-RT PSA with biochemical failure demonstrates the importance of early
salvage treatment for patients with rising PSA.
Five-year biochemical control rates after SRT have been reported between 35% and 67% [18-22]. While the presence of
high-risk features suggests the need for early SRT, a significant proportion of patients with rising PSA post-prostatectomy
will not benefit from SRT. This implies a need for better methods to assess which patients are likely to benefit from
treatment. Though researchers have identified pathologic characteristics that are associated with a good response to SRT,
there is no available method to accurately distinguish between post-operative patients with biochemical recurrence from
the presence of local disease versus distant spread.
We examined the association between post-prostatectomy PSA nadir and biochemical control and found that patients with
persistently detectable PSA levels had a 55% 3-year bFFP compared with 79% in those who reached an undetectable
nadir. Patients who reached an undetectable PSA nadir likely had microscopic local residual disease, which was
demonstrated by fact that SRT to the prostate fossa caused serum PSA to decline to an undetectable level. The presence of
local residual disease may account for the fact that patients who reached an undetectable nadir fared better in terms of
bFFP, while patients with persistently detectable PSA may have had occult metastasis. Many patients whose PSA did not
fall to undetectable levels did achieve a durable response to SRT, which implies that the persistent serum PSA seen in
these patients was produced by residual local disease. The greater propensity for biochemical failure, however, suggests
that an inability to reach an undetectable PSA is associated with an increased probability of harboring occult distant
disease.
We performed an exploratory analysis on a subset of patients who had PSA levels drawn at the 5th week of SRT and
compared these values to baseline levels taken prior to RT with the expectation that intra-treatment PSA response may be
associated with biochemical control. Previous work has shown that PSA levels increase during radiation in patients with
intact prostatic tissue, which is likely due to the death of healthy acinar cells and the subsequent release of PSA into the
bloodstream [24]. Post-prostatectomy patients, however, should not have sufficient normal glandular tissue to demonstrate
this response. Given its short half-life [25], serum PSA levels may decrease during radiation treatment in patients with
40
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microscopic residual disease, whereas patients with metastatic spread should not demonstrate a PSA response to localized
treatment.
Do et al. prospectively followed 41 patients treated with SRT who had PSA levels drawn during treatment [26]. They found
that while PSA elevations at 30 Gy did not significantly predict for outcome, PSA elevations at 45 Gy were associated with
both biochemical and clinical failure. The authors postulated that patients with a rising PSA during treatment are likely to
have occult metastasis, but they cautioned that local disease may still be present in these patients. A similar analysis
performed by Youssef et al. found that patients whose PSA increased by more than 0.2 ng/mL during treatment had a
5-year bFFP of 10% compared to 43% in patients whose PSA decreased or remained stable [27]. They concluded that in the
absence of benign prostatic tissue, PSA trend during RT is of significant prognostic value. The authors recommended
discontinuation of radiation at 45-50 Gy in patients with rising PSA levels.
Our own data showed that rising PSA during treatment was predictive of biochemical failure. The subgroup of 22 patients
who had PSA levels measured during treatment demonstrated a 3-year bFFP of 75%. The subgroup patients’ pathological
characteristics were representative of the rest of the cohort. The patients whose PSA decreased during treatment or
remained unchanged had a 3-year bFFP of 88%. All 3 patients who demonstrated an increase in PSA progressed
biochemically within 20 months.
The 3 patients with rising PSA had tumors with aggressive features that are known to predispose to distant metastasis.
They may have had occult systemic disease at the time of treatment, which was demonstrated by their lack of response to
SRT. At the time of this analysis, one of these 3 patients had developed clinically apparent metastatic disease. These
findings suggest that patients with aggressive disease who demonstrate a rising PSA during SRT are less likely to respond
to local treatment alone, and clinical trials using including systemic therapy may be considered. Further prospective
research is needed to confirm these findings.
Acknowledged limitations of this study include its retrospective nature with inherent problems of selection bias. Though
we attempted to control for the lack of uniform treatment in the multivariate analysis, heterogeneity may still serve as a
confounding factor. Additional weaknesses include the size sample size, and the intra-treatment PSA data should be
interpreted with caution given the small number of patients analyzed. Although the characteristics of the subgroup were
representative of the other subjects, it cannot be determined whether or not the rate of biochemical failure seen in patients
with an increasing PSA trend merely reflected the presence of more aggressive disease. While our series reflects a small
number of patients, the results are provocative. Additional prospective work examining a larger sample of patients is
needed to evaluate this question.

5 Conclusion
Our data demonstrate a 70% 3-year bFFP in patients treated with SRT. Factors significantly associated with progression
included a high GS, SVI, persistently detectable PSA after RP, short time from RP to RT, pre-RT PSA greater than 1.0
ng/mL, PSADT of 6 months or less, PSAV greater than 1.0 ng/mL/y, and rising PSA during SRT. The demonstrated
significance of pre-RT PSA as a prognostic factor in Univariate and multivariate analyses suggests that early consideration
of SRT should be given for patients with high-risk features and/or rising PSA. An exploratory analysis demonstrated that
post-operative patients with a rising PSA level during treatment are prone to earlier progression than those with stable or
decreasing trends. While the sample size was small, the results suggest the need for future prospective work to confirm
these findings. Clinical trials including systemic therapy should be considered for patients with persistently detectable
PSA after RP or a rising PSA trend during SRT.
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