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Abstract: Background: Biochemical recurrence (BCR) represents the rise of prostate-specific antigen
(PSA) levels after treatment with curative radical prostatectomy (RP) or radiation for prostate cancer.
The objective of the current study was to test for the association between patient characteristics,
namely age, body mass index (BMI), as well as prostate volume at surgery, and BCR after RP. Material
and Methods: Within a tertiary care database, patients with prostate cancer treated with RP between Jan-
uary 2014 and June 2023 were included. Kaplan–Meier survival analyses and Cox regression models
addressed BCR after RP according to patient characteristics. Results: Of 821 patients, the median age
was 66 years (interquartile range [IQR] 61–71 years), BMI was 26.2 kg/m2 (IQR 24.3–28.8 kg/m2),
and prostate volume was 40 cm3 (IQR 30–55 cm3). Median follow-up was 20 months. In sur-
vival analyses, the three-year BCR-free survival rates were 81 vs. 84 vs. 81% in patients aged
≤60 vs. 61–69 vs. 70 years (p = 0.1). In patients with BMI < 25.0 vs. 25.0–29.9 vs. ≥30.0 kg/m2, the
three-year BCR-free survival rates were 84 vs. 81 vs. 84% (p = 0.7). In patients with prostate volume
≤40 vs. >40 cm3, the three-year BCR-free survival rates were 85 vs. 80% (p = 0.004). In multivariable
Cox regression models accounting for patient and pathologic tumor characteristics and adjuvant
radiation therapy, a higher prostate volume independently predicted BCR as continuous (hazard
ratio 1.012, 95% confidence interval 1.005–1.019; p < 0.001), as well as categorized the variable based
on the median (hazard ratio 1.66, 95% confidence interval 1.17–2.36; p = 0.005). Conversely, neither
age nor BMI were significantly associated with BCR after RP. Conclusions: The higher prostate volume
independently predicted BCR after RP, but not age or BMI at surgery. Consequently, patients with an
elevated prostate volume should be considered for closer postoperative follow-up.
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1. Introduction

Radical prostatectomy, the complete removal of the prostate gland and seminal vesicles,
represents a well-established guideline-recommended curative treatment option in patients
with clinically localized or locally advanced prostate cancer [1,2]. Depending on the
preoperative clinical risk constellation, radical prostatectomy is performed with or without
pelvic lymph node dissection. Besides the open surgical approach, robotic-assisted surgery
has been gaining importance in recent years. Despite its curative intent, some patients
may experience biochemical recurrence (BCR) following surgery [3–5]. BCR is defined
based on guideline definitions as an initial serum prostate-specific antigen (PSA) value of
≥0.2 ng/mL, with a second confirmatory level of >0.2 ng/mL in follow-up after radical
prostatectomy [4,6].
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Several pathologic characteristics are linked to worse short- and long-term oncological
outcomes. Specifically, the non-organ-confined pathologic tumor stage [7,8], Gleason Grade
Group ≥ 4 [7,9–11], as well as positive surgical margins [3,5,11], represent predictors of
less favorable BCR and mortality. However, the prognostic value of patient characteristics,
such as age [11–14], body mass index (BMI) [15], and prostate volume [16–21] regarding
oncological outcomes, such as BCR after radical prostatectomy, remain unclear.

We addressed this uncertainty and hypothesized that BCR rates after radical prosta-
tectomy might differ according to patient characteristics, namely age, BMI, and prostate
volume at time of surgery. To address this hypothesis, we relied on a contemporary
cohort of prostate cancer patients treated with radical prostatectomy in a tertiary care
referral center.

2. Materials and Methods
2.1. Study Population

Within the prospectively maintained database of our tertiary care referral center,
we retrospectively focused on patients with histologically confirmed adenocarcinoma
of the prostate who were treated with either robotic-assisted or open retropubic radical
prostatectomy between January 2014 and June 2023 (Figure 1). Based on the risk groups
of the European Association of Urology (EAU), we included both localized as well as
locally advanced prostate cancer patients [22]. Further inclusion criteria consisted of
known follow-up regarding BCR and absence of prostate-specific antigen (PSA) persistence,
defined as post-radical prostatectomy PSA of >0.1 ng/mL within six weeks postoperatively
according to the EAU guidelines [22]. All patients with clinical suspicion of metastases
at time of surgery (cM1), treatment with neoadjuvant systemic therapy (chemotherapy
and/or hormonal therapy), previous radiation therapy of the prostate (salvage radical
prostatectomy), and unknown pathologic tumor stage (pTx) were excluded. Informed
written consent to participate in this study was given by all patients. Approval by the local
ethics committee had been obtained prior to data collection. Reporting had been reviewed
in accordance with the precepts established by the Helsinki Declaration.
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Figure 1. Consort diagram. Abbreviations: PSA= prostate-specific antigen; pT = pathologic tumor
stage at surgery; RP = radical prostatectomy; UKF = University Hospital Frankfurt.

2.2. Definition of Variables for Analyses

The primary endpoint of the study, namely BCR, was derived from patients’ self-
reports in follow-up and was defined according to the EAU guidelines valid at the time-
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point of BCR and the American Urological Association (AUA) guidelines as an initial
serum PSA value of ≥0.2 ng/mL, with a second confirmatory level of >0.2 ng/mL in
follow-up after radical prostatectomy [4,6]. Variables of interest represented patient charac-
teristics, namely age, BMI, and prostate volume at surgery. All three variables of interest
were initially considered as continuous variables in the analyses. Additionally, to gain
deeper insight into the association between patient characteristics and BCR, each vari-
able of interest was also categorized. Categorization of patient age was based on quar-
tiles (≤60 vs. 61–69 vs. ≥70 years). BMI was calculated based on patients’ self-reports of
weight and height and categorization of BMI was based on definition of healthy weight
(<25.0 kg/m2), overweight (25.0–29.9 kg/m2), and obesity (≥30.0 kg/m2) by the World
Health Organization (WHO) [23]. Preoperative prostate volume was measured via tran-
srectal ultrasound (TRUS) performed by experienced urologists within our institution.
Categorization of prostate volume was based on median (≤40 vs. >40 cm3), as was carried
out in previous analyses [24,25].

2.3. Statistical Analyses

First, clinicopathological characteristics were tabulated. Medians and interquartile
ranges were recorded for continuously coded variables. Frequencies and proportions
were reported for categorical variables. Second, Kaplan–Meier plots depicted BCR-free
survival rates according to patient characteristics, namely age, BMI, and prostate volume.
Subsequently, univariable and multivariable Cox regression models addressed BCR accord-
ing to patient characteristics. Adjustment variables consisted of preoperative PSA value,
pathologic tumor stage (pTstage), Gleason Grade Group, pathologic lymph node stage
(pNstage), positive surgical margin, and adjuvant radiation therapy. All tests were two
sided, with a level of significance set at p < 0.05. R software environment was used for
statistical computing and graphics (R version 4.3.2; R Foundation for Statistical Computing,
Vienna, Austria) [26].

3. Results
3.1. Descriptive Characteristics
3.1.1. Clinicopathological Characteristics

Within our institutional tertiary care database of 1637 prostate cancer patients who
underwent radical prostatectomy between January 2014 and June 2023, we included
821 (50.2%) patients based on the above-described inclusion criteria (Figure 1). The me-
dian age was 66 years (interquartile range 61–71 years), the median BMI was 26.2 kg/m2

(interquartile range 24.3–28.8 kg/m2), and the median prostate volume was 40 cm3 (in-
terquartile range 30–55 cm3). Further clinicopathological characteristics of the study cohort
are summarized in Table 1.

Table 1. Descriptive characteristics of 821 prostate cancer patients treated with radical prostatectomy
(RP) between January 2014 and June 2023.

Characteristic Overall n = 821 1

Age (in years) 66 (61, 71)
≤60 188 (23%)

61–69 368 (45%)
≥70 265 (32%)

Body mass index (in kg/m2) 26.2 (24.3, 28.8)
<25.0 280 (34%)

25.0–29.0 394 (48%)
≥30.0 147 (18%)

Prostate volume (in cm3) 40 (30, 55)
≤40 430 (52%)
>40 391 (48%)
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Table 1. Cont.

Characteristic Overall n = 821 1

D’Amico risk group high 216 (26%)
intermediate 485 (59%)

low 120 (15%)
pTstage pT2 471 (57%)

pT3/pT4 350 (43%)
pNstage pN0 692 (84%)

pN1 42 (5%)
pNx 87 (11%)

Gleason Grade Group 1 116 (14%)
2 425 (52%)
3 156 (19%)
4 34 (4%)
5 90 (11%)

Positive surgical margin No 563 (69%)
Yes 237 (29%)

Unknown 21 (2%)
Robotic-assisted radical

prostatectomy 663 (81%)

Nerve-sparing surgery 745 (91%)
Adjuvant radiation therapy 77 (9%)

1 Median (interquartile range); n (%). Abbreviations: pNstage = pathologic lymph node stage; pTstage = pathologic
tumor stage.

3.1.2. Kaplan–Meier Survival Analyses

At a median follow-up of 20 months (interquartile range 10–38 months), overall,
137 (17%) patients exhibited BCR. In Kaplan–Meier survival analyses, three-year BCR-free
survival rates were 81 vs. 84 vs. 81% in patients aged ≤60 vs. 61–69 vs. ≥70 years,
respectively (p = 0.1; Figure 2A). After stratification according to BMI categories, three-
year BCR-free survival rates were, respectively, 84 vs. 81 vs. 84% in patients harboring
BMI <25.0 vs. 25.0–29.9 vs. ≥30.0 kg/m2 (p = 0.7; Figure 2B). Finally, after stratification
according to the median prostate volume, the three-year BCR-free survival rates were
85 vs. 80% in patients with preoperative prostate volume ≤40 vs. >40 cm3 (∆ 5%; p = 0.004;
Figure 2C).

3.1.3. Univariable and Multivariable Cox Regression Models

In univariable Cox regression models relying on continuously coded patient charac-
teristics, a higher prostate volume predicted a higher BCR rate (hazard ratio 1.010, 95%
confidence interval 1.004–1.016; p = 0.002; Table 2). Similarly, a prostate volume above the
median (>40 cm3) predicted a higher BCR rate (hazard ratio 1.64, 95% confidence interval
1.17–2.31; p = 0.004). Even after adjustment for other baseline patient characteristics, pre-
operative PSA value, pathologic tumor characteristics, and adjuvant radiation therapy in
multivariable Cox regression models, the continuously coded higher preoperative prostate
volume (hazard ratio 1.012, 95% confidence interval 1.005–1.019; p < 0.001) as well as the
categorized prostate volume above median (>40 cm3) remained independent predictors
of a higher BCR rate after radical prostatectomy (hazard ratio 1.66, 95% confidence inter-
val 1.17–2.36; p = 0.005). Conversely, neither age nor BMI were statistically significantly
associated with BCR after radical prostatectomy in either univariable or multivariable Cox
regression models.
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Figure 2. Kaplan–Meier survival analyses addressing biochemical recurrence (BCR)-free survival
after radical prostatectomy (RP) according to (A) patient age (≤60 vs. 61–69 vs. ≥70 years),
(B) body mass index (<25.0 vs. 25.0–29.9 vs. ≥30.0 kg/m2), and (C) prostate volume (≤40 vs.
>40 cm3). Abbreviations: BCR = biochemical recurrence; BCRFS = biochemical recurrence-free
survival; RP = radical prostatectomy.

Table 2. Univariable and multivariable Cox regression models addressing rates of biochemical
recurrence (BCR) after radical prostatectomy (RP), according to patient characteristics (age, body
mass index, and prostate volume).

Univariable Multivariable Model 1 * Multivariable Model 2 *

HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value

Age (continuous) 1.009 0.983, 1.035 0.5 0.991 0.964, 1.019 0.5 – – –
61–69 (Ref. ≤ 60 years) 0.74 0.48, 1.15 0.2 – – – 0.64 0.41, 1.004 0.1
≥70 (Ref. ≤ 60 years) 1.08 0.70, 1.67 0.7 – – – 0.88 0.55, 1.39 0.6

Body mass index (continuous) 1.018 0.976, 1.061 0.4 1.006 0.964, 1.050 0.8 – – –
25.0–29.9 (Ref. < 25.0 kg/m2) 1.16 0.80, 1.69 0.4 – – – 1.10 0.75, 1.63 0.6
≥30.0 (Ref. < 25.0 kg/m2) 1.07 0.65, 1.75 0.8 – – – 0.88 0.52, 1.48 0.6

Prostate volume (continuous) 1.010 1.004, 1.016 0.002 1.012 1.005, 1.019 <0.001 – – –
>40 (Ref. ≤ 40 cm3) 1.64 1.17, 2.31 0.004 – – – 1.66 1.17, 2.36 0.005

* Adjusted for PSA, pTstage, Gleason Grade Group, pNstage, positive surgical margin, and adjuvant radiation
therapy. Abbreviations: CI = confidence interval; HR = hazard ratio; pNstage = pathologic lymph node stage;
PSA = prostate-specific antigen; pTstage = pathologic tumor stage.
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4. Discussion

Within the current study, we hypothesized that patient characteristics, including
age, BMI, and prostate volume may affect BCR rates after radical prostatectomy. Relying
on a contemporary cohort of radical prostatectomy-treated prostate cancer patients at
a tertiary care referral center between January 2014 and June 2023, we made several
important observations.

First, we tabulated baseline patient characteristics of the study cohort. Within the
contemporary cohort of 821 radical prostatectomy-treated prostate cancer patients, the
median age was 66 years (interquartile range 61–71 years), the BMI was 26.2 kg/m2

(interquartile range 24.3–28.8 kg/m2), and prostate volume was 40 cm3 (interquartile range
30–55 cm3). The distribution of baseline patient characteristics, namely age, BMI, and
prostate volume, recorded within the current study, is highly comparable to the distribution
of patient characteristics of prostate cancer patients treated within other German tertiary
care centers [13,17,18,27,28]. Thus, despite the limited sample size, the current study cohort
appears eligible for subsequent survival analyses that address BCR as study endpoint.

Second, we did not identify statistically significant or clinically meaningful differences
in BCR rates after radical prostatectomy according to patient age at surgery. Specifically,
three-year BCR-free survival rates ranged from 81% in both ≤60-year-olds and ≥70-year-
olds to 84% in 61–69-year-olds (p = 0.1). Similarly, after adjustment for other baseline
patient characteristics (BMI and prostate volume), preoperative PSA value, pathologic
tumor characteristics, and adjuvant radiation therapy in multivariable Cox regression
models, patient age did not achieve independent predictor status for BCR rate after radical
prostatectomy, either as a continuously coded variable (p = 0.5) or after stratification based
on quartiles (p = 0.1 and p = 0.6). These observations confirm previous assessments by
Leyh-Bannurah et al. and Tilki et al. in which patient age was not associated with BCR in
multivariable models [13,14]. Conversely, historical analyses by Öbek et al. suggested a
prognostic role of patient age for BCR after radical prostatectomy [12]. However, all three
analyses categorized patient age and did not examine it as a continuous variable [12–14].
Moreover, Öbek et al. relied on a historical study cohort of North American patients who
underwent radical retropubic prostatectomy between 1991 and 1998 [12]. In consequence,
these differences in the study cohort selection render direct comparisons.

Third, we did not identify statistically significant differences in BCR rates after rad-
ical prostatectomy according to patient BMI nor between overweight (25.0–29.9 kg/m2)
and obese (≥30.0 kg/m2) patients compared to their counterparts with a healthy weight
(<25.0 kg/m2). Specifically, three-year BCR-free survival rates were 84 vs. 81 vs. 84%
in patients harboring BMI <25.0 kg/m2 vs. 25.0–29.9 kg/m2 vs. ≥30.0 kg/m2 (p = 0.7).
Similarly, in multivariable Cox regression models, neither continuously coded BMI (p = 0.8)
or categorized BMI as overweight (25.0–29.9 kg/m2) or obesity (≥30.0 kg/m2) compared
to healthy weight (<25.0 kg/m2) achieved independent predictor status for BCR rate after
radical prostatectomy within the current study cohort (both p = 0.6). A contemporary
systemic review and meta-analysis of 86,490 patients by Rivera-Izquierdo et al. reported
a moderate relationship between obesity with BCR after radical prostatectomy, but not
between overweight and BCR [15]. However, Rivera-Izquierdo et al. also reported a high
heterogeneity between the included studies [15]. In particular, analyses relying on cut-offs
different from the WHO definition of obesity as well as those without consideration of
positive surgical margins as adjustment variables in multivariable models described a
stronger association between obesity and BCR [29–31]. Consequently, these considerations
might explain the differences between the observations recorded in the current study and
those of previous reports.

Fourth, we addressed BCR rates after radical prostatectomy according to preoperative
prostate volume. After stratification according to median prostate volume (40 cm3), three-
year BCR-free survival rates were 85% in patients with a preoperative prostate volume
≤40 cm3 vs. 80% in patients with a preoperative prostate volume >40 cm3 (p = 0.004). Even
after adjustment for other baseline patient characteristics (age and BMI), preoperative
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PSA value, pathologic tumor characteristics, and adjuvant radiation therapy in multivari-
able Cox regression models, the higher continuously coded preoperative prostate volume
(hazard ratio 1.012; p < 0.001) as well as the categorized prostate volume above median
(>40 cm3: hazard ratio 1.66; p = 0.005) remained independent predictors of higher BCR rate
after radical prostatectomy. In the current study, prostate volume was estimated using
preoperative TRUS. In the previous literature, prostate size was either measured using
preoperative TRUS [17,18] or the prostate weight of radical prostatectomy specimen [19,20].
It has been documented that the prostate weight of surgical specimens correlates with an
estimated prostate volume using TRUS [20]. Nevertheless, the association between prostate
volume and BCR remains controversial in the previous literature [16–21]. While some
studies reported an inverse impact of prostate size on BCR [19–21], others did not identify
a significant prognostic role of prostate size regarding BCR [16–18]. However, stratification
based on prostate size is highly heterogenous in the previous literature. This heterogeneity
renders direct comparisons between different studies impossible. In consequence, further
standardization in reporting prostate volume is necessary to draw consistent conclusions
regarding the association between prostate volume and BCR. After stratification accord-
ing to prostate volume ≤40 vs. >40 cm3, we did not identify any clinically meaningful
or statistically significant differences in pathologic tumor characteristics or adjuvant ra-
diation therapy rates that might explain differences in BCR rates. Furthermore, there
are also non-measurable factors that may influence BCR after radical prostatectomy. For
example, patients with a large prostate volume may be diagnosed with prostate cancer
later than patients with a smaller prostate volume due to the attribution of the increase
in PSA serum levels to benign prostatic hyperplasia. This factor may potentially result
in a higher tumor volume. Therefore, the consideration of tumor volume percentage in
a radical prostatectomy specimen might be another approach to better predict BCR in
future analyses [32].

Taken together, in the contemporary study cohort of 821 radical prostatectomy-treated
prostate cancer patients of a tertiary care center, a higher preoperative prostate volume
strongly predicts BCR rates after radical prostatectomy. These observations remained
consistent both when using continuous prostate volume and after categorization based on
prostate volume median. Conversely, patient age and BMI do not statistically significantly
affect BCR rates within this contemporary study cohort. In consequence, the currently
reported observations may indicate that the assessment of preoperative prostate volume
could provide additional prognostic value beyond standard pathologic tumor character-
istics. Therefore, the consideration of prostate volume might be of additional value in
postoperative follow-up.

The present study is not devoid of limitations. First, due to its retrospective nature, a
potential for residual selection biases remained, despite systematic adjustment for biases
and confounders in multivariable models. This limitation is applicable to all studies
relying on a retrospective study design [8,13,14,17]. Second, our study relies on a limited
sample size. Third, postoperative follow-up within our study cohort was also limited. In
consequence, we cannot exclude the fact that the above-mentioned risk factors may behave
differently with longer follow-up. Moreover, other study endpoints that could be equally
as interesting as BCR, namely metastasis, cancer-specific, other-cause, or overall mortality,
could not be investigated.

5. Conclusions

A higher preoperative prostate volume independently predicts BCR after radical
prostatectomy, but not age or BMI at surgery. In consequence, patients with elevated
prostate volume should be considered for closer postoperative follow-up.
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