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Abstract

Introduction and Objectives. The aim of the study was to evaluate the way the PSA decrease and PSA nadir influ-
ence the biochemical recurrence (BR) in localized prostate cancer patients treated with IGRT-VMAT.

Materials and Methods. Between 2012 and 2017, 252 patients with clinically localized adenocarcinoma of the pros-
tate, staged as T1–3bN0M0 according to the American Joint Committee on Cancer 2002,  received image guided ra-
diotherapy with volumetric modulated intensity (IGRT-VMAT) up to a total dose of 78Gy with or without short course 
androgen deprivation therapy (SC-ADT) or long term androgen deprivation therapy (LT-ADT); (IGRT-VMAT; n=58, IG-
RT-VMAT + SCADT; n=73, IGRT-VMAT + LTADT; n=121).  

Results. For the 252 analysed patients, we measured prostate specific antigen (PSA) nadir levels between lower than 
0.001 and 12.6ng/ml. estimated 5-years biochemical relapse-free survival (BRS) for 218 patients with PSA nadir lower 
than 0.5ng/ml was 85% (n=186) vs. 59 % (n=20) for 34 patients with PSA nadir higher than 0.5ng/ml. Forty seven 
patients presented with at least one PSA rise of ≥0.2 ng/ml followed by spontaneous return to pre-bounce level or 
lower. Biochemical recurrence rate (BRR) was 4.2% (n=2) for patients with PSA bounce compared to 19.5% (n=40) for 
patients without PSA bounce.       

Conclusion. In our analysis, we found strong correlations between BRS and level of PSA nadir (patients with PSA nadir 
lower than 0.5 ng/ml had a higher BRS compared to patients in whom this value was not reached) and PSA bounce 
BRR 4.2%; n=2 for patients with PSA bounce compared to 19.5%; n=40 for patients without PSA bounce. There was no 
correlation between PSA bounce and the level of nadir reached or the time to nadir.
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Introduction and Objectives
Prostate-specific antigen (PSA) is important for 

early detection and follow-up in prostate cancer. PSA 
kinetics after radiotherapy, however, are sometimes 
difficult to interpret. Moreover, a rise in PSA upsets 
both patients and their physicians and can lead to an 
unnecessary subsequent therapy. 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” 
[1].

Several definitions are in use for distinguishing a 
temporary rise in PSA levels from biochemical failure. 
In our study we consider biochemical failure according 
to ASTRO definition called “Phoenix”, a rise by 2 ng/ml 
or more above the nadir. This definition also includes 
patients with an additional hormonal therapy (AHT) [2]. 
Some studies have suggested that a PSA nadir of > 0.5 
ng/mL after conventional dose RT with or without ADT 
is an important surrogate endpoint for prostate can-
cer-specific and all-cause mortality [3-5]. 

A bounce is defined as a brief rise in PSA with a sub-
sequent decline [6]. A bounce has often been reported 
for patients after low-dose-rate brachytherapy (LDR-
BT) and seems to be a favourable predictive factor for 
biochemical failure (BCF) free survival [7,8].

The aim of this analysis was to evaluate the prog-
nostic significance of PSA nadir and rising PSA levels 
during the follow-up after eBRT, particularly focusing 
on biochemical relapse. 

Materials and Methods
Between  2012 and 2018, 252 patients with clini-

cally localized adenocarcinoma of the prostate, stage 
T1–3b N0 M0 according to American Joint Committee 
on Cancer 2002,  received image guided radiotherapy 
with volumetric modulated intensity (IGRT-VMAT) up 
to a total dose of 78Gy with or without hormonal treat-
ment; (IGRT-VMAT; n=58, IGRT-VMAT + SCHT; n=73, IG-
RT-VMAT + LCHT; n=121). 

Patients evaluation before initiating treatment con-
sisted in contrast-enhanced pelvic MRI or CT for pa-
tients in the low-risk group, chest and abdomen CT, and 
bone scan for patients in the intermediate and high-

risk groups. The PSA level was measured at maximum 
2 weeks before starting treatment. Where appropriate, 
patients were restaged in accordance to the results of 
the investigations. Patients were divided according to 
D’Amico Risk Classification into 3 risk groups: low risk 
group - Gleason Score≤6 and PSA <10ng/ml and  cT≤2a 
(n = 17); intermediate risk group with one of the follow-
ing: Gleason Score 7 or PSA between 10 and 20 ng / ml 
or cT2b (n = 94) high risk group -  Gleason Score 8-10 or 
PSA> 20 or ≥cT2c or at least 2 criteria in the intermedi-
ate risk group (n = 141).

For image guidance, 3 fiducial gold markers 
(1.3/3mm) were implanted in the prostate, using a tran-
srectal approach, on the biopsy working channel from 
the endorectal probe under ultrasound guidance. The 
procedure was done under local sedation by a collabo-
rative urologist at least 1 week before planning CT scan.

        All patients were treated using an IMRT -VMAT 
plan (Pinnacle 3 TPS, version 9.6, manufactured by 
Philips Healthcare). The planning target volume includ-
ed prostate and the base of seminal vesicles with or 
without pelvic lymph nodes, with a margin of 4-5 mm 
(anterior, posterior, laterals and cranio, caudal) to com-
pensate for pelvic organs movement during each ir-
radiation fraction. The prescribed dose was 78Gy for 
prostate, 56Gy for seminal vesicles and 50Gy for pel-
vic lymph nodes. Dose inhomogeneity in the range of 
95–107% in the planning target volume was fulfilled 
for the majority of patients. A 6 MV linear accelerator 
(elekta – Synergy) has been used to deliver radiation. 
The prescribed dose was delivered in daily fractions of 
2Gy, 5 days a week. Daily positioning was performed 
on intraprostatic fiducial markers, using orthogonal 
radiographic images daily acquired with the portal im-
aging system compared to reconstructed digital radio-
graphs from the planning CT scan. Cranio-caudal, late-
ro-lateral or antero-posterior correction of the prostate 
position was performed by translational movements of 
the treatment table. 

          Androgen deprivation therapy (ADT) had been 
given to patients from the intermediate and high risk 
group.  Long term hormonal therapy (LTHT) (24-36 
months) received 121 patients from high risk group, 
while short course hormonal therapy (SCHT) (4-6 

Table 1. Patients characteristics table

Pat.  mAge T2a T2b ≥T2c G≤ 6 G7 G≥8 PSA <10 PSA 10-20 PSA >20

Low risk 17 70.6 17 - - 17 - - 17 - -

Interm. Risk 94 69.6 79 15 - - 52 - 67 27 -

High risk 141 69.2 ? ? 34 21 77 43 23 67 51



33

Cl
in

ic
al

 S
tu

dy

nr. 3 / 2020 • vol 19 Romanian Journal of Urology

months) was administered to 73 patients, 58 patients 
had radiotherapy without ADT. Antiandrogen (AA) was 
administered for 30 days and gonadotropin-releasing 
hormone analog (aGnRH) implant at 4 or 12 weeks. 
Patients had a follow-up (FU) interval between 36 and 
78 months after completion of radiotherapy; Mean FU 
was 52 months. Post treatment PSA monitoring interval 
was 3 months in the first year and 6 months thereafter.

Table 2. Proportions of treatment modalities

NoHT SCHT LTHT
LR    P only; n=17 17(100%) 0 0

RT IR     P+SV+/-LN; n=94 38(43.1%) 56(63.6%) 0
HR   P+SV+LN; n=141 3(2.12%) 17(12%) 121(85.8%)

          
Changes of PSA values were analysed according to 

the following definitions:
The PSA nadir was considered the absolute lowest 

level that the PSA drops after radiotherapy. 
Biochemical failure was defined according to AS-

TRO definition as a rise by 2 ng/ml or more above the 
nadir. [6] 

Bounce: a PSA rise ≥ 0.2 ng/ml followed by sponta-
neous return to pre-bounce level or lower [17].

Results
PSA Nadir 
In the external beam radiotherapy (eBRT) alone 

group, we measured PSA nadir levels between 0.04 and 
0.98ng/ml; median nadir - 0.35ng/ml was reached at 30 
months (between 6 and 78 months). For 7 patients with 
eBRT alone, after more than 3 years of follow up, nadir 
level was not yet reached.

For patients with eBRT and SCHT median PSA na-
dir of 0.038 ng/ml (between <0.001 and 1.41mg/ml) 
was reached at 9 months (between 3 and 60 months) 
while 121 patients in the high-risk group treated with 
eBRT and LTHT had a median PSA nadir of 0.46ng/ml 
(between < 0.001 and 12.6 ng/ml) reached at 9 months 
(between 3 and 72 months). For 5 patients the nadir 
was still not reached after more than 3 years from the 
end of radiotherapy.

Bounce PSA 

Forty-seven patients (18.6%) experienced at least 
one PSA rise of ≥0.2 ng/ml followed by spontaneous 
return to pre-bounce level or lower. PSA bounces were 
more frequent in patients with RT alone (n=21; 36.2%) 
comparing with eBRT plus ADT group (n=26; 13.4%). 
Another factor that influenced the frequency of PSA 
bounce was the size of the volume irradiated: patients 
with small volumes (prostate/ prostate + seminal ves-
ical) more frequent than patients with large volumes 
including lymph nodes (n=7; 41% versus n=40; 17%).

 In our analysis, we found a strong correlation be-

tween level of PSA nadir and biochemical recurrence. 
Patients with PSA nadir lower than 0.5 ng / ml had a 
higher BRS compared to patients in whom this value 
was not reached (5 year BFS of 87% vs. 59% with PSA 
nadir ˃ 0.5ng/ml vs.< 0.5  ng/ml;  p < 0.01). There was 
also a strong correlation between PSA bounce and the 
risk of biochemical recurrence when comparing pa-
tients in the same risk group. Biochemical recurrence 
rate (BRR) was 4.2% (n=2) for patients with PSA bounce 
comparing with 19.5% (n=40) for patients without PSA 
bounce. There was no correlation between PSA bounce 
and the level of nadir or the time to nadir. On multivari-
ate Cox analyses Gleason score and initial PSA corelates 
with BRS while time to nadir was not a predictor factor 
for BRS.        

Biochemical free relapse survival and biochemical re-
lapse

Forty-two patients of the entire group developed 
BR for an estimated 5 years; 4 patients (2 IR and 2 HR) 
without BR died from causes unrelated with prostate 
cancer: BRS rate of 81.7%. Intermediate risk patients 
had a higher 5-years BRS rates (n=11; 88.3%) com-

Figure 1. Biochemical relapse-free survival for patients with PSA nadir 
<0.5ng/ml vs. PSA>0.5ng/ml; (p<0.01)

Nadir <0.5;    RB Nadir > 0.5;           RB
eBRT alone        LR
 (n=58)                IR 
                              HR

    12                 0
    30                 1
     1                  0

    5                            0
    8                            1
    2                           2

eBRT + ADT       IR
  (n=194)            HR

    51                6
  124               21

   5                             3
   14                           8 



Cl
in

ic
al

 S
tu

dy

34 Romanian Journal of Urology nr. 3 / 2020 • vol 19

pared to high risk patients (n=31; 78%). This difference 
between the two risk groups is statistically significant 
(p<0.01).

Biochemical recurrence corelates also with Glea-
son Score (BRR=38%; n=24 for GS >7; BRR=11%; n=15 
for GS = 7; BRR=1,8%; n=1 for GS < 7) and initial PSA ( 
BRR=24%; n=24 for PSA >20;BRR=13%; n= 8 for PSA be-
tween 10 and 20 and BRR=1%; n=1 for PSA <10ng/ml)

Discussion
For assessing therapy success rates, early detection 

of recurrences and avoiding unnecessary treatments 
for localized prostate cancer, it is very important to 
know the PSA kinetics after eBRT.  Patients and physi-
cians can be alarmed by rising PSA values and a differ-
entiation between relapse and bounce can be difficult. 
A temporary rise of the PSA level can be caused by in-
creasing testosterone levels, proctitis, instrumentation, 
reactive prostate changes after high dose treatment, 
all these happening in the first years after radiotherapy 

[9,10].
While T stage, initial PSA level and Gleason score are 

established prognostic factors known from the diag-
nostic, PSA doubling time, nadir PSA, time to nadir and 
PSA bounce are posttreatment factors that are corelat-
ed in the literature with the risk of biochemical failure, 
distant metastasis, increased cancer-specific mortality 
and all-cause mortality. In our analysis we focused on 
the nadir PSA and PSA bounce because these elements 
were available for many patients, whereas others like 
PSA doubling time cannot be determined unless there 
is a true rising PSA profile [11]. 

We retrospectively analysed the outcomes from 
252 patients with low, intermediate and high-risk pros-
tate cancer treated with eBRT (IGRT-VMAT technic) with 
or without ADT between the years 2012 and 2017. We 
found a strong correlation for biochemical failure with 
the level of PSA nadir reached and PSA bounce and no 
correlation with the time to nadir. Other studies in the 
literature also examined nadir PSA as a factor of pre-
dicting outcome in prostate cancer patients treated 
with radiotherapy with or without ADT [12,13-17,18,19]. For 
studies that used nadir PSA as a continuous or dichot-
omized variable cut-off values for PSA varied between 
0.1 and 0.7 ng/ml [12,16,17,18].

          Zelefsky et al. evaluated 213 patients with local-
ized prostate cancer in order to identify prognostic vari-
ables that could predict for improved biochemical and 
local control in patients treated with neoadjuvant ADT 
and conformal radiation therapy (3D-CRT) with median 

dose of 75.6Gy [20]. Like in our study, they found that 
PSA nadir ≤0.5 ng/mL corelates with PSA relapse-free 
survival rate of 74% in patients with PSA nadir ≤0.5 ng/
mL compared to 40% in those with a higher PSA nadir. 
A similar retrospective analysis by Zietman et al. ana-
lysed 314 men treated with eBRT to >68.4Gy for T1-2 
disease and discovered an even higher rate of freedom 
from biochemical progression, 90%, was correlated 
with PSA nadir ≤0.5 ng/mL [21]. These helped establish 
PSA nadir of ≤0.5 ng/mL as an important predictor of 
biochemical control. 

In our patients group we reached a lower medi-
an PSA nadir for eBRT alone and eBRT + SCHT/LTHT 
(0.35ng/ml; 0.038ng/ml; 0.46ng/ml). Compared to 
other studies, we escalated the dose to 78Gy and all 
our patients received highly conformal through im-
age guidance intensity modulated radiotherapy with 
smaller margins (3-5mm) CTV to PTV for daily uncer-
tainties. Drawbacks of the study mostly inherent in its 
retrospective nature, heterogeneity of the patients’ 
risk groups and treatment modalities (RT alone, +/- LN, 
SCHT, LTHT), number relatively small of patients and 
short follow up.  

        
Conclusion

In conclusion, a nadir PSA of 0.5 ng/ml after com-
pletion of 78Gy +/- androgen deprivation therapy and 
PSA bounce were found to be strong predictors of bio-
chemical failure. In our study, time to nadir did not in-
fluence the risk of biochemical failure.

The results of this study are important for the de-
cision-making process regarding further diagnostics or 
additional treatments during the follow-up period af-
ter primary radiotherapy. In future prospective studies 
patients with PSA nadir > 0.5 ng/ml should be consid-
ered for early and more individualized therapy, such as 
second line hormonal ablation or chemotherapy.
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