Freiberger et al. Radiation Oncology (2017) 12:98
DOI 10.1186/s13014-017-0837-5

RESEARCH

Open Access

Long-term prognostic significance of
rising PSA levels following radiotherapy
for localized prostate cancer – focus on
overall survival
Carla Freiberger1, Vanessa Berneking1, Thomas-Alexander Vögeli2, Ruth Kirschner-Hermanns3, Michael J. Eble1
and Michael Pinkawa1,4*

Abstract
Background: The aim of this study was to evaluate the long-term prognostic significance of rising PSA levels,
particularly focussing on overall survival.
Methods: Two hundred ninety-five patients with localized prostate cancer were either treated with low-dose-rate
(LDR) brachytherapy with I-125 seeds as monotherapy (n = 94; 145Gy), high-dose-rate (HDR) brachytherapy with
Ir-192 as a boost to external beam RT (n = 66; 50.4Gy in 1.8Gy fractions EBRT + 18Gy in 9Gy fractions HDR) or EBRT
alone (70.2Gy in 1.8Gy fractions; n = 135). “PSA bounce” was defined as an increase of at least 0.2 ng/ml followed
by spontaneous return to pre-bounce level or lower, biochemical failure was defined according to the Phoenix
definition.
Results: Median follow-up after the end of radiotherapy was 108 months. A PSA bounce showed to be a
significant factor for biochemical control (BC) and overall survival (OS) after ten years (BC10 of 83% with bounce
vs. 34% without, p < 0.01; OS10 of 82% with bounce vs. 59% without bounce, p < 0.01). The occurrence of a bounce,
a high nadir and the therapy modality (LDR-BT vs. EBRT and HDR-BT + EBRT vs. EBRT) proved to be independent
factors for PSA recurrence in multivariate Cox regression analysis. A bounce was detected significantly earlier than a
PSA recurrence (median 20 months vs. 32 months after RT; p < 0.01; median PSA doubling time 5.5 vs. 5.0 months,
not significant). PSA doubling time was prognostically significant in case of PSA recurrence (OS10 of 72% vs. 36%
with PSA doubling time ˃ 5 months vs. ≤ 5 months; p < 0.01).
Conclusions: Rising PSA levels within the first two years can usually be classified as a benign PSA bounce, with
favourable recurrence-free and overall survival rates. PSA doubling time is an important predictor for overall survival
following the diagnosis of a recurrence.
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Background
Prostate-specific antigen (PSA) is important for early
detection and follow-up of prostate cancer. PSA kinetics
after radiotherapy, however, are sometimes difficult to
interpret. Especially a rise in PSA upsets patients and
their physicians and can lead to an unnecessary secondary therapy.
Several definitions have been established to distinguish a temporary rise in PSA from biochemical failure
(BF). The American Society for Therapeutic Radiology
and Oncology (ASTRO) coined a definition according
to which three consecutive increases of PSA after a
nadir can be interpreted as a biochemical failure [1].
This definition was criticized as the occurrence of BF
was back-dated [2]. Moreover, the definition depends
on the duration of follow-up [3] and cannot be reliably
applied to patients with a hormonal therapy (HT) [4].
An increase in an assigned value above a nadir is a more
reliable definition [5]. ASTRO therefore provided a second
definition of biochemical failure called “Phoenix”, which is
based on a rise by 2 ng/ml or more above the nadir and
includes patients with an additional hormonal therapy
(AHT) [6].
Comparisons of external beam radiotherapy (EBRT)
with brachytherapy (BT) have compared biochemical
failure rates. The majority of studies did not reveal a
significant difference between EBRT and BT [7–9].
Several studies have demonstrated an advantage for BT
[10, 11] and only a single study showed better results
for EBRT [12]. All prospective randomized studies
resulted in improved biochemical failure free survival
for BT [13–15].
Increasing PSA levels during follow-up do not always
result in a biochemical failure. The onset of steadily rising
PSA may be difficult to distinguish from an isolated fluctuation, or “bounce”. PSA levels may rise after the release
of antiandrogen hormonal therapy (HT) [4].

A bounce is defined as a brief rise in PSA with a subsequent decline [16]. A bounce has often been reported for
patients after low-dose-rate brachytherapy (LDR-BT) and
seems to be a favourable predictive factor for BF free survival [17, 18]. Consequences for overall survival rates are
not known.
Overall survival is one of the most important clinical
endpoints that is not considered in many prostate cancer
studies. This endpoint requires long follow-up periods in
a patient population treated with curative intent. In
contrast to disease specific survival, the definition of
overall survival can never be subjective or dependent on
a specific definition.
The aim of this study was to evaluate the long-term
prognostic significance of rising PSA levels during the
follow-up after EBRT or BT, particularly focussing on
overall survival.

Methods
Patients

This study was based on 295 patients with cT1-3N0M0
prostatic carcinoma (Table 1), who were either treated
in the years 2000–2003 with EBRT, a combination of
high-dose-rate brachytherapy (HDR-BT) with EBRT or
a low-dose-rate brachytherapy (LDR-BT) only.
The specific treatment was selected after consultation
of the patient with the referring urologist and finally
the radiation oncologist and the urologist in our centre.
Patients referred for LDR-BT usually came long distances to our centre.
Patients were classified according risk factors: Patients
without risk factors (PSA < 10 ng/ml, Gleason score <7,
cT stage <2b) were in the low risk group, patients with
one risk factor (PSA 10–20 ng/ml or Gleason score =7
or cT-stage =2b/c) in the intermediate risk group and
patients with two risk factors or PSA > 20 ng/ml or
Gleason-Score > 7 or cT >2b/c in the high risk group.

Table 1 Baseline patient characteristics
All (n = 295)

LDR-BT (n = 94)

HDR-BT + EBRT (n = 66)

EBRT (n = 135)

Patient age median (range)

71(49–83)

69(49–81)

72(63–81)

71(52–83)

Follow-up period/months median (range)

108(7–157)

120(8–150)

111(7–157)

105(9–149)

T stage > 2a

21%

5%

36%

25%

Gleason score >6

13%

3%

18%

17%

Primary PSA/ng/ml median (range)

9(1–300)

7(1–15)

13(1–300)

10(1–150)

Low risk patientsa

43%

65%

27%

35%

Intermediate risk patientsb

29%

35%

24%

26%

c

High risk patients

29%

0%

49%

39%

NHT

44%

35%

56%

47%

NHT/months median (range)

4(1–28)

3(1–8)

5(1–28)

5(1–18)

a

No risk factors: PSA < 10 ng/ml, Gleason score < 7, cT-stage <2b
b
One risk factors: PSA 10–20 ng/ml or Gleason score = 7 or cT-stage = 2b/c
c
Two risk factors or PSA > 20 ng/ml or Gleason score >7 or cT-stage >2b/c
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High risk patients were always excluded from LDR-BT
as monotherapy. All high risk patients received a bone
scan and a computed tomography of the abdomen for
staging.
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3) Bounce: a PSA rise ≥ 0.2 ng/ml followed by
spontaneous return to pre-bounce level or
lower [17].
Statistical analysis

Treatment

The referring urologist usually decided about the indication for neoadjuvant hormonal therapy (NHT). In case
of a NHT different agents have been used: luteinizing
hormone-releasing hormone (LHRH) agonist (3-monthly
depot preparations) in 58% of cases, antiandrogens in
13% of cases and an orchiectomy in 9% of cases. Only in
26 cases (9% of the total patient population) hormonal
therapy was continued after RT. The prescription dose
to the prostate for permanent LDR-BT was 145 Gy. A
median number of 54 sources with a median activity of
0.64 mCi has been implanted in a modified peripheral
loading technique.
An Ir-192 stepping source from an afterloader with a
nominal activity of 370 GBq was used for temporary
HDR-BT. All patients received two fractions to deliver
a total minimum dose of 18 Gy to the prostate with
7 days between each fraction. EBRT started within three
weeks after brachytherapy. Three dimensional treatment
plans were calculated using a four-field box technique wit
15 MeV photons and a multi-leaf collimator. The planning
target volume (PTV) was required to be enclosed by the
90% isodose relative to the ICRU (International Commission on Radiation Units and Measurements) reference
point with a margin of 1.5 cm in the anterior/lateral and
1 cm in the craniocaudal and dorsal directions to the clinical target volume (CTV = prostate and seminal vesicles).
Image guidance techniques for prostate localization have
not been used. The total median dose to the prostate in
the reference point was 50.4 Gy at 1.8 Gy daily fractions.
For EBRT without additional brachytherapy, the same
technique was used up to a median dose of 70.2 Gy at
1.8 Gy fractions.
Evaluation of PSA kinetics

All patients had a pre-treatment PSA measurement.
PSA-values and information about a local recurrence,
metastases or additional treatment after radiotherapy
were collected in regular intervals, usually from the patient (mail or personal interview) or his urologist,
sometimes general practitioner.
Changes of PSA values were analyzed according to the
following definitions:
1) Nadir: the lowest PSA value measured after the end
of the radiotherapy, excluding values after initiation
of a salvage hormonal treatment.
2) Biochemical failure (BF): a rise by 2 ng/ml or more
above the nadir (Phoenix definition) [6].

Statistical analysis was performed using IBM SPPS
Statistics 22.0 software.
PSA doubling time (PSADT) was calculated by
using the last PSA value before a PSA rise and the
following PSA value according to the following
formula: PSADT = [LN(2) x (date 1 – date 2)] / [LN
(PSA2) – LN (PSA1)] [19].
Differences between PSA levels or doubling times in
subgroups were evaluated using a t-test. A forward
multivariate logistic regression analysis was used to
evaluate the impact of factors for reaching a specific
PSA nadir. Kaplan-Meier analysis was used to determine
the influence of specific events (nadir, bounce, biochemical failure) on survival. Comparison between subgroups
was made with the log-rank test. Different factors were
tested for their impact on survival rates in a multivariate
Cox regression analysis.
All p-values reported are two-sided; p < 0.05 is considered significant.

Results
The 10-year biochemical recurrence free, metastasis free,
disease specific (percentage in the study group who have
not died from prostate cancer) and overall survival rates
in the total patient population were 53, 89, 90 and 66%,
respectively.
Nadir

Patients with LDR-BT reached a mean nadir of 0.05 ng/
ml and patients with HDR-BT + EBRT a mean nadir of
0.1 ng/ml. This is significantly lower in comparison to
patients treated with EBRT alone, with a mean nadir of
0.52 ng/ml (p < 0.01). The nadir was reached averagely
32 months after LDR-BT, 31 months after HDR-BT +
EBRT and 19 months after EBRT. The last nadir for a
patient of the HDR-BT + EBRT group occurred after
86 months.
After ten years of follow-up patients with a nadir
< 0.17 ng/ml (median nadir of all patients) had significantly higher biochemical recurrence free survival
(BC10) than patients with a higher nadir (LDR-BT:
92% vs. 22%, p < 0.01; HDR-BT + EBRT: 80% vs. 27%,
p < 0.01; EBRT: 64% vs. 18%, p < 0.01). A multivariate
analysis showed LDR-BT vs. EBRT and AHT to be independent factors to reach a nadir of less than 0.17 ng/ml
(Table 2). PSA nadir was a significant predictor for disease
specific and overall survival (DSS10 of 98% vs. 83%,
p < 0.01, and OS10 of 78% vs. 55% with a nadir of
<0.17 ng/ml vs. ≥0.17 ng/ml, p < 0.01).
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Table 2 Significant factors for PSA nadir <0.17 ng/ml in
multivariate analysis
Factor
Nadir <0.17 ng/ml AHT

Hazard 95% Confidence p-value
ratio
interval
2.6

1.5–4.4

p < 0.01

Treatment
LDR-BT vs. EBRT 6.9

3.8–12.9

p < 0.01

HDR-BT + EBRT
vs. EBRT

1.8–6.4

p < 0.01

3.4

Bounce

A PSA bounce proved to be a significant factor for
biochemical control and overall survival after ten years.
Patients with a bounce showed better results for recurrence free, disease specific and overall survival (BC of 83%
vs. 34%, p < 0.01, DSS10 of 99% vs. 86%, p < 0.01, OS10 of
82% with bounce vs. 59% without bounce, p < 0.01, Fig. 1).
A similar prognostic benefit resulted if patients without
hormonal therapy were excluded (OS10 pf 83% vs. 62%;
p = 0.04).
The LDR-BT group had significantly more bounces than
the other groups during the follow-up. PSA bounces
occured only during the first six years (bounce occurrence
after six years with LDR-BT 42% vs. with HDR-BT +
EBRT 24% p = 0.03, vs. with EBRT 25% p < 0.01). Focusing

Fig. 1 Overall survival for patients with or without a PSA bounce (p < 0.01)

only on the respective treatments, a PSA bounce showed
to have a statistically significant effect on overall survival
for patients treated with HDR-BT + EBRT (OS10 of 43%
vs. 84%; p < 0.01) and EBRT (OS10 of 58% vs. 83%; p =
0.02), but not patients treated with LDR-BT (OS10 of 76%
vs. 82%; p = 0.36).
An analysis of patients with a bounce (without BF)
and patients with BF (independently from the occurrence of a bounce) revealed a significant difference in
PSA kinetics: a bounce was detected significantly earlier
than a PSA recurrence (median: 20 months vs.
32 months after RT; p < 0.01). The PSA doubling time
was comparable: median 5.0 vs. 5.5 months in case of a
recurrence vs. a bounce (difference not significant).
Biochemical failure

Biochemical failure free survival rates are significantly
different between treatment groups in the long-term
follow-up. 71% of the patients with LDR-BT remained
recurrence-free 10 years after treatment, in contrast to
HDR-BT + EBRT with 58% (p = 0.04) and EBRT with
33% (p < 0.01). However, the results were dependent on
the prognostic risk groups. No significant differences
between the therapy groups were found for the diagnosis of metastases during follow-up (10-year metastasis
free survival: LDR-BT 94%, HDR-BT + EBRT 90%,

Freiberger et al. Radiation Oncology (2017) 12:98

EBRT 83%; p = 0.05 for comparison of LDR-BT vs.
EBRT).
While patients after HDR-BT + EBRT showed the
best result concerning freedom from biochemical recurrence in the low-risk-group (HDR-BT + EBRT 94%
free from biochemical failure vs. LDR-BT 68%; vs.
EBRT 67%, p < 0.01), LDR-BT was the best in the
intermediate group (78% vs. HDR-BT + EBRT 67%; vs.
EBRT 33%, p < 0.01). Figure 2 summarizes the biochemical recurrence free survival for low and intermediate risk patients, depending on treatment
technique. There was no statistically significant difference in the high risk group between HDR-BT and
EBRT.
A multivariate Cox regression analysis revealed the occurrence of a bounce, a low nadir value, LDR-BT vs.
EBRT and HDR-BT + EBRT vs. EBRT to be independent
protective factors against biochemical failure.
The 10-year overall survival (OS10) with or without
a biochemical recurrence was 74 and 54%, respectively (p < 0.01). The PSA doubling time proved to
have an impact on overall survival after biochemical
failure. The classification of all patients according to
the median doubling time of 5 months showed a better disease specific and overall survival for patients
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with a longer doubling time (DSS10 of 87% vs. 68%,
p = 0.01, OS10 of 72% vs. 36%, p < 0.01, with a PSA
doubling time > 5 months vs. ≤ 5 months).

Discussion
Knowledge about PSA kinetics after radiotherapy for
localized prostate cancer is very important for the
assessment of the therapy success, tumour control and
detection of recurrences.
Following treatments, patients usually reach a nadir
PSA [19]. The nadir values after a follow-up were similar
to the values of a prior analysis [11] as a nadir is usually
reached within the first three years after radiotherapy:
with LDR-BT averagely after 32 months, with HDR-BT
+ EBRT averagely after 31 months and with EBRT averagely after 19 months. A nadir after EBRT is significantly
higher and it is reached sooner in comparison to brachytherapy. Because of a higher biologically effective dose
(BED) with brachytherapy, both malignant and benign
prostate cells are destroyed. Owing to longer cell cycle
of benign cells, cell death takes longer. These facts explain
the lower nadir and the longer time to reach a nadir for
patients after brachytherapy [11].
A low nadir is, as also shown in other studies, a
favourable prognostic factor for recurrence-free survival

Fig. 2 Biochemical recurrence free survival for low and intermediate risk patients (significantly higher rates for LDR vs. EBRT, p = 0.03, and
HDR-BT vs. EBRT, p = 0.03)
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[11, 19]. Multivariate analysis has shown AHT and LDRBT vs. EBRT to be independent factors for the occurrence
of a nadir ≤ 0.17 ng/ml. PSA nadir also predicted overall
survival in this study.
Current guidelines recommend AHT for 2–3 years for
high risk patients treated with EBRT. A subset of intermediate risk patients might benefit from a short term
(4–6 months) hormonal therapy [20].
Rising PSA values alarm patients and treating physicians. A differentiation between bounce and biochemical failure can be difficult. A temporary PSA rise can
occur after neoadjuvant hormonal therapy [19], usually
in the two years of follow up. As 44% of patients
received a neoadjuvant hormonal therapy, this factor
has a major impact in this analysis. Nevertheless, the
prognostic effect of a PSA bounce has also been found
excluding these patients.
A bounce, defined as a rise of >0.2 ng/ml with a subsequent decline, can be idiopathic or induced by increasing
testosterone levels, caused by proctitis or instrumentation
[19, 21]. These factors, together with reactive changes
within the prostate after high dose treatment, occur especially within the first 2–3 years, as also shown in this
study.
A bounce is a prognostically favourable factor for
biochemical control. This effect was also demonstrated
in other studies, especially after LDR-BT [11, 22]. Biochemical failure free survival was higher after LDR-BT
in comparison to the other two therapies in this study.
However, LDR-BT was predominantly used for low risk
patients with a favourable prognosis. Most probably as a
result of a favourable prognosis, a bounce reached the
level of statistical significance for overall survival only
for the other two treatment technique groups.
The comparison of patients with a bounce and patients
with BF revealed significant differences for PSA
kinetics. While a bounce is detected averagely after
21 months, a biochemical recurrence occurred averagely after 32 months. No difference in PSA doubling
time in case of a bounce, as compared to a recurrence,
was detected. Similar results were found in another
study, reporting a bounce 15 months after treatment
and biochemical failure, also defined using the Phoenix
definition, after 28 months [18]. Another study reported a comparable mean time of 30 months for the
occurrence of biochemical recurrence after HDR-BT +
EBRT [23]. These findings indicate that increasing PSA
levels within the first two years of follow-up are most
probably benign PSA rises.
Biochemical failure occurred less frequently after
LDR-BT in comparison to HDR-BT + EBRT or EBRT.
The analysis of individual risk groups showed a significant advantage for HDR-BT + EBRT over EBRT in the
low-risk group and for LDR-BT over EBRT in the
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intermediate-risk group. The benefit of a dose escalation, as reached with brachytherapy, is well known. A
selection bias might exist in this study in the individual
risk groups, as for example patients qualify for LDR-BT
only with a specific maximum prostate volume. Nevertheless, favourable outcomes after LDR-BT [24, 25] and
an advantage over EBRT [10, 11, 26] have been reported
in the literature, including a recently published randomized study [13]. Multivariate analysis revealed the occurrence of a bounce, a low nadir value, LDR-BT vs. EBRT
and HDR-BT + EBRT vs. EBRT to be independent factors
regarding biochemical failure.
The PSA doubling time in case of a recurrence is crucial
for the assessment of patient prognosis. Patients with a
PSA doubling time > 5 months showed a 10-years-survival
rate of 72%, in contrast to a survival rate of 36% for patients with a PSA doubling of less than 5 months. A prognostic impact of the PSA doubling time was also reported
in another study, demonstrating a 10-year disease-specific
survival rate of 30% for patients with a PSA failure and a
PSA doubling time ≤6 months vs. 67% and 98% for those
with PSA failure and doubling time >6-10 months and
>10 months [27].

Conclusions
Biochemical recurrence free survival rates are dependent
on the treatment dose and technique. PSA nadir is reached
mostly within the first three years during follow-up. A PSA
rise within the first two years can usually be classified as a
benign and favourable PSA bounce, associated with significantly better overall survival in comparison to patients
without a bounce. PSA doubling time is an important predictor for overall survival following the diagnosis of a
recurrence.
The results of this study are important for the decision
about further diagnostics or additional treatments during
follow-up after primary radiotherapy.
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