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Abstract

The impact of biochemical recurrence (BCR) after radical treatment of prostate cancer on
oncological outcomes remains unclear. A new European Association of Urology BCR risk
stratification (low and high risk) has been proposed. To validate these risk groups, we
retrospectively analyzed data for 1125 post-radical prostatectomy (RP) BCR patients
(surgery between 1992 and 2006). Univariable Kaplan-Meier plots and multivariable
Cox regression models with time-dependent covariates were used to test the indepen-
dent predictor status of the risk grouping on metastatic progression (MP) and prostate
cancer-specific mortality (PCSM). The 5-yr MP-free and PCSM-free survival rates were
significantly higher among patients with low BCR risk compared to their high-risk
counterparts. In multivariable analyses, the BCR risk grouping reached independent
predictor status for MP (hazard ratio [HR] 3.46; p < 0.001) and PCSM (HR 5.12;
p < 0.001). Salvage radiation therapy, especially when delivered at prostate-specific
antigen <0.5 ng/ml, was highly protective. Our findings corroborate the validity of this
novel BCR risk grouping, which is easily applicable in daily practice and could be
valuable in decision-making for salvage therapy and clinical trials.
Patient summary: The European Association of Urology grouping for the risk of bio-
chemical recurrence of prostate cancer after radical prostatectomy was valid when
applied in a European study cohort.
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Biochemical recurrence (BCR) of prostate cancer (PC) occurs
in up to 30% of patients within 10 yr of radical prostatectomy
(RP) [1,2]. Only a subgroup of these patients will proceed to
metastatic progression (MP), while in others the natural
history is indolent. Pound et al. [2] reported a 5-yr MP-free
survival rate of 64% among 304 RP BCR patients who were
observed until MP. Besides pathological Gleason score (pGS)
and prostate-specific antigen doubling time (PSA-DT), the
https://doi.org/10.1016/j.eururo.2019.03.016
0302-2838/© 2019 European Association of Urology. Published by Elsevier
time from RP to BCR (�2 vs >2 yr) was an independent
predictor ofMP in their analysis. These risk factors have been
confirmed in several studies since then [1,3].

Van den Broeck et al. [4] recently published a systematic
reviewof the literature on BCR after treatmentwith curative
intent for nonmetastatic PC. The authors confirmed that
oncological outcomes differ between groups with and
without BCR and found that short PSA-DT and high pGS
B.V. All rights reserved.
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after RP are the main risk factors with a negative impact on
survival. On the basis of these analyses, the authors of the
systematic review, which was undertaken by the European
Association of Urology (EAU) PC guideline panel as part of its
guideline update for 2019, proposed a new EAU BCR risk
stratification (EAU low-risk BCR: PSA-DT >1 yr and pGS <8
for RP; EAU high-risk BCR: PSA-DT�1 yr or pGS 8–10 for RP)
[4]. The aim of the present study was to validate the EAU
BCR risk grouping.

Using our review-board-approved institutional database,
we identified 5509 patients who underwent RP between
1992 and 2006. Of these, 1497 experienced BCR (rising PSA
level of �0.2 ng/ml on two consecutive measurements).
Patients who received neoadjuvant or adjuvant therapies or
with PSA persistence after RP were excluded. Risk stratifica-
tionwas performed as proposed by Van den Broeck et al. [4]
into low-risk versus high-risk BCR. Univariable Kaplan-Meier
plots were used to display MP and prostate cancer-specific
mortality (PCSM) and the log-rank test was applied to
compare survival between the two groups [5]. Multivariable
Cox regression models were used to test the independent
predictor status of the EAU BCR risk groups forMP and PCSM
[6–8]. The discriminative ability of the EAUBCR risk grouping
in predicting MP and PCSM was assessed using the
concordance index [9]. To test the sensitivity, all the analyses
Table 1 – Demographic and disease characteristics of all 1040 study pa
groups

[1_TD$DIFF]Variable BCR
(

Median age at RP, yr (IQR) 63
Median preoperative PSA, ng/ml (IQR) 7.6
Median PSA-DT, mo (IQR) 25
Pathological Gleason score, n (%)
�6 122
7a 314
7b 74
�8 0

Pathological ISUP grade group, n (%)
I 122
II 314
III 74
IV 0
V 0

Pathological tumor stage, n (%)
pT2 245
�pT3 265

Surgical margin status, n (%)
R0 350
R1 160

Lymph node status, n (%)
N0/Nx 484
N1 26

Time from RP to BCR, n (%)
<12 mo 40
12–35.9 mo 122
�36 mo 348

Median FU from RP for patients without MP, mo (IQR) 132
Median FU from BCR for patients without MP, mo (IQR) 64
Median FU from RP for survivors, mo (IQR) 131
Median FU from BCR for survivors, mo (IQR) 64

BCR = biochemical recurrence; RP = radical prostatectomy; IQR = interquartile
ISUP = International Society of Urological Pathology; FU = follow-up; MP = metast
were repeated for subsets of patients including those who
received neoadjuvant and adjuvant therapies and patients
who did receive salvage therapies.

We also assessed the impact of salvage radiation therapy
(SRT) delivered early (at PSA<0.5 ng/ml) versus late SRT (at
PSA �0.5 ng/ml), modeled as a time-dependent covariate
that changed at least once during the follow-up period, as
previously described [7,8]. Using this method, wewere able
to distinguish between patients who had SRT at different
time points during follow-up. All statistical testingwas two-
sided with the level of significance set at p < 0.05. Analyses
were performed using R v.3.3.0 (R Foundation for Statistical
Computing, Vienna, Austria).

Table 1 lists demographic and disease characteristics for
all patients according to the proposed BCR risk groups.
Median follow-up for survivors was 124 mo from RP
(interquartile range [IQR] 98–157) and 65 mo from BCR
(IQR 31–103). A total of 510 patients were classified as
having low-risk and 530 as having high-risk BCR. Low-risk
BCR patients had a significantly higher proportion of organ-
confined disease at RP and a longer time from RP to BCR
when compared to the high-risk BCR group (Table 1). The 5-
yr MP-free and PCSM-free survival rates were 97.5% (95%
confidence interval [CI] 95.8–99.1%) and 99.7% (95% CI 99.0–
100%) for the low-risk BCR group and 86.7% (95% CI
tients according to the European Association of Urology BCR risk

low risk
n = 510)

BCR high risk
(n = 530)

p value

(60–67) 63 (59–67) 0.5
(5.1–11.7) 8.4 (5.2–15.1) 0.005
(17–44) 6 (3–9) �0.001

�0.001
(23.9) 69 (13.0)
(61.6) 276 (52.1)
(14.5) 144 (27.2)
(0.0) 41 (7.7)

�0.001
(23.9) 69 (13.0)
(61.6) 276 (52.1)
(14.5) 144 (27.2)
(0) 12 (2.3)
(0) 29 (5.5)

�0.001
(48.0) 190 (35.8)
(52.0) 340 (64.2)

0.8
(68.6) 369 (69.6)
(31.4) 161 (30.4)

0.4
(94.9) 495 (93.4)
(5.1) 35 (6.6)

�0.001
(7.8) 69 (13.0)
(23.9) 183 (34.5)
(68.2) 278 (52.5)
(108–160) 120 (89–156)
(31–99) 62 (29–102)
(108–157) 121 (97–157)
(31–99) 68 (30–109)

range; PSA = prostate-specific antigen; PSA-DT = PSA doubling time;
atic progression.
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Fig. 1 – Kaplan-Meier plot of metastatic progression (MP)-free survival stratified according to the European Association of Urology biochemical
recurrence (BCR) risk groups. The red line denotes low-risk and the blue line high-risk patients.
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83.4–90.1%) and 93.8% (95% CI 91.4–96.3%) for the high-risk
BCR group (both p < 0.001; Figs. 1 and 2). On multivariable
Cox regression analyses adjusted for preoperative PSA, pT
stage, pathological lymph node status, RP-BCR time, and
SRT, the proposed BCR risk grouping reached independent[(Fig._2)TD$FIG]
Fig. 2 – Kaplan-Meier plot of prostate cancer-specific survival stratified accord
risk groups. The red line denotes low-risk and the blue line high-risk patients
predictor status for both MP (hazard ratio [HR] 3.46, 95% CI
2.41–4.97; p < 0.001) and PCSM (HR 5.12, 95% CI 2.90–9.03;
p < 0.001; Table 2). However, the discriminative ability of
the grouping in predicting MP (c-index 0.67) or PCSM (c-
index 0.69) was moderate.
ing to the European Association of Urology biochemical recurrence (BCR)
.



Table 2 –Multivariable Cox regression models stratified according to the European Association of Urology BCR risk groups predicting MP and
PCSM

[1_TD$DIFF]Variable MP PCSM

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

BCR risk group
Low 1.0 (reference) 1.0 (reference)
High 3.46 (2.41–4.97) �0.001 5.12 (2.90–9.03) �0.001

Pathological tumor stage
�pT2 1.0 (reference) 1.0 (reference)
�pT3 1.33 (0.95–1.86) 0.1 1.21 (0.78–1.88) 0.4

Surgical margin status
R0 1.0 (reference) 1.0 (reference)
R1 1.03 (0.76–1.42) 0.8 0.86 (0.56–1.30) 0.5

Pathological lymph node status
N0/Nx 1.0 (reference) 1.0 (reference)
N1 1.21 (0.74–1.98) 0.4 0.80 (0.41–1.57) 0.5

Salvage radiation therapya

No 1.0 (reference) 1.0 (reference)
Early 0.32 (0.20–0.53) �0.001 0.31 (0.15–0.62) �0.001
Late 0.56 (0.35–0.88) 0.01 0.58 (0.32–1.04) 0.07

Time from RP to BCR
<12 mo 1.0 (reference) 1.0 (reference)
12–35.9 mo 0.54 (0.37–0.79) �0.001 0.41 (0.26–0.63) �0.001
�36 mo 0.38 (0.26–0.57) �0.001 0.27 (0.17–0.45) �0.001

PSA at RP in ng/ml 0.98 (0.97–0.99) 0.006 0.99 (0.98–1.01) 0.3

BCR = biochemical recurrence; PSA = prostate-specific antigen; RP = radical prostatectomy; HR = hazard ratio; CI = confidence interval; MP = metastatic
progression; PCSM = prostate cancer-specific mortality.
a Modeled as time-dependent covariates.
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SRT receipt, either early (delivered at PSA <0.5 ng/ml) or
late (delivered at PSA �0.5 ng/ml), was highly protective,
with the maximum effect for early delivery (HR 0.32, 95% CI
0.20–0.53 for MP; HR 0.31, 95% CI 0.15–0.62 for PCSM; both
p < 0.001; Table 2).

Among a subset of 1125 patients who underwent
neoadjuvant or adjuvant therapies, the results were
virtually the same as for the entire cohort. Similarly, the
results did not change when considering only 398 patients
who did not receive salvage therapies before MP.

The main limitation of this retrospective study is that all
RPs were performed by high-volume surgeons at a single
center, which might have affected the rates of metastases
and mortality in our cohort.

In conclusion, our findings corroborate the validity of the
novel EAU BCR risk groups, which are easily applicable in
daily clinical practice and could be valuable inwell-informed
decision-making for salvage therapy and clinical trials.

The predictive performance of the EAU BCR risk groups
may be refined in the future. Although we observed highly
significant results, the accuracy of this two-tier risk
stratification remained only moderate. One explanation for
the low accuracy might be the inclusion of pGS 4 + 3 in the
low-risk BCR group. Previous publications have shown that
for pGS 7 there are large differences in outcomes between
pGS 3 + 4 and pGS 4 + 3 [10,11]. Furthermore, predictive
accuracy may be improved by using a nomogramwith more
levels. However, we know from daily experience that clinical
applicability remainsbestwith the simplest solution. Further
validation of the EAU BCR risk groups is warranted.
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