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Prediction of biochemical recurrence it

after laparoscopic radical prostatectomy
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Abstract

Background Radical prostatectomy (RP) has been considered primary treatment for localized prostate cancer. Bio-
chemical recurrence (BCR) occur approximately 20-30% in five year after RP. We aim to develop a novel nomogram
to predict BCR-free survival (BCRFS) and performed external validation using a validation cohort that may help clini-
cians to make better decision for tailoring adjuvant treatment to specific group of patients.

Materials and methods This retrospective cohort study included 370 localized and regional prostate cancer patients
who underwent laparoscopic radical prostatectomy (LRP) in Songklanagarind hospital between January 2010

and December 2019, the patients were divided into two groups (primary cohort and validation cohort). BCR-free sur-
vival was created using Kaplan-Meier curve. Predictive factors for BCR were identified with univariable and multivari-
able analysis using Cox proportional hazards model. Predictive nomogram was created using these identified factors
and developed for the prediction of biochemical recurrence free survival (BCRFS) at 1 and 5 years after LRP.

Results For primary Songklanagarind cohort, BCR was found in 105 patients (44.7%). Overall 1-year BCR-free survival
was 52.8%, and 5-year BCR-free survival was 45.7% with median time to BCR of 18.1 months. Multivariable analysis
identified unfavorable factor to BCRRF which are high initial serum PSA (>20) (p <0.007; HR 3.2), ISUP Gleason grade
group>=3 (p 0.033; HR 2.2), positive surgical margins (p 0.046; HR 1.5), and seminal vesicle involvement (p < 0.001; HR
5.2) and using for develop a novel nomogram to predict BCR. Concordance index 0.78.

Conclusion Prostate cancer patients with unfavorable factors, including high initial PSA (> 20), ISUP Gleason grade
group > =3, positive margin and extra-prostatic tumor extension are considered high risks and independent predic-
tors of biochemical recurrence. This predictive models could potentially improve the 1 and 5-year BCR prediction
after RP, according to the study’s findings and will aid medical professionals in achieving the goal of clinical prediction
and creating a proper management for the localized treatment of prostate cancer underwent laparoscopic radical
prostatectomy.
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Introduction

Prostate cancer is one of the most common cancers
and the second leading cause of death among males.
In 2023, the number of new cases and mortality from
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(PCa). Biochemical recurrence (BCR) is a side effect
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of radical prostatectomy that affects 20-30% of indi-
viduals [2—4]. To aid in the clinical decision-making
process for following treatment, a variety of BCR pre-
diction techniques have been created. The majority of
these techniques were created using clinical and path-
ological characteristics, including pre-operative serum
prostate-specific antigen (PSA), tumor stage, Gleason
score, extracapsular extension (ECE), surgical margin
(SM), and seminal vesicle involvement(SV) [5-8]. The
cornerstone of post-operative follow-up is PSA meas-
urement. Within six weeks of RP, serum PSA is antici-
pated to be undetectable, and patients with measurable
PSA after RP are believed to have associated residual
malignancies [9]. It has been demonstrated that a per-
sistent (detectable) PSA following RP is a poor pre-
dictor of oncologic outcomes [10]. While there are
existing prognostic models, it is important to note that
they may not fully capture the unique characteristics
and outcomes of patients undergoing LRP. Addition-
ally, our nomogram incorporates specific variables
and considerations relevant to our patient population,
potentially leading to improved predictive accuracy in
this specific context.

We aim to predict BCR following laparoscopic radi-
cal prostatectomy(LRP) and to guide adjuvant or sal-
vage treatment using assessment of the prognostic
power of perioperative data in predicting biochemical
recurrence-free survival (BCRFS) of LRP and develop a
nomogram that incorporates of common perioperative
variables, to improve the accuracy of the predictive
models. In this study, we note that the risk nomograms
offer more precise prediction and risk stratification.
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Methods

Patients

Between January 2010 and December 2019, 370 patients
who received LRP for prostate cancer were retrospec-
tively examined. The patients were divided into two
groups: 235 in the primary Songklanagarind cohort who
were enrolled and 135 in the validation Songklanagarind
cohort (Fig. 1). Our new nomogram was created using
the primary Songklanagarind primary cohort, and valida-
tion was performed using the validation Songklanagarind
cohort. After a digital rectal examination, all patients
had a multicore transrectal ultrasound-guided prostate
biopsy. Dedicated pathologists determined the Gleason
score and the percentage of samples that were involved.
All men’s pretreatment PSA levels were noted. American
Joint Committee on Cancer TNM criteria was used for
stagings at the time of surgery, the attending urologist
determined the clinical stage. Using a contrast-enhanced
kidney-ureter-bladder (KUB) and pelvic computed
tomography (CT) and bone scan, all patients were pre-
operatively staged for metastases. Neither neoadjuvant
hormone therapy nor radiation therapy was administered
to the patients.

The following patients met the exclusion criteria:
(1) those who had undergone transurethral resection of
the prostate; (2) those whose pathology findings did not
indicate prostatic cancer; and (3) those with insufficient
follow-up information. Every 3 months for the first two
years, semi-annually for the third and fourth years, and
then annually after that, follow-ups were conducted.

In the first two follow-ups following RP without adju-
vant androgen deprivation therapy or radiation, the PSA
nadir was defined as the lowest level of serum PSA. BCR
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Songklanagarind cohort
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Fig. 1 Flow chart outlining patient selection and grouping process of the study
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was defined as a post-operative PSA value >0.20 ng/mL
in two successive readings, and the recurrence date was
given as the day on which a PSA value >0.20 ng/mL was
recorded for the first time. For patients who did not have
BCR, BCRFS was computed from the RP date to the date
of verified BCR or the date of the most recent follow-
up. Age at RP, body mass index (BMI), pre-operative
prostatic specific antigen(PSA), Gleason score, present
of surgical margin (SM), extracapsular extension(ECE),
seminal vesicle involvement (SVI), and lymphovascular
invasion.

(LVI) were additional clinical and pathological details
that were gathered for each patient. The analysis col-
lected from patients with a follow-up period longer than
12 months.

Statistical analysis

Survival analyses for biochemical recurrence free were
performed using the Kaplan—-Meier method for patients
who survived 1 and 5 years. We used the log-rank test to
compare between groups. We employed both univariable
and multivariable logistic regression analyses to identify
potential predictors. Variables that showed statistical sig-
nificance (P<0.05) in the univariable logistic analysis of
the training set were subsequently included in the multi-
variable logistic regression analysis. The aim was to iden-
tify independent predictors for BCR. Those predictors
that demonstrated statistical significance (P<0.05) in the
multivariable logistic regression analysis were included
in constructing the nomogram. To assess the goodness
of fit, we applied the Hosmer and Lemeshow test, where
a P-value greater than 0.05 indicated a good fit. Addi-
tionally, we calculated the odds ratio (OR) and 95% con-
fidence interval (95% CI) for the identified predictors.
Univariable and multivariable Cox models after LRP were
used to identify predictors of BCR and assess time trends
in BCR. Using the significant variables, we developed a
nomogram predicting BCREFS at 1 and 5 years after LRP.
For internal and external validation of the nomogram, we
used a bootstrap using 500 resamples to assess the dis-
crimination and calibration. It was determined whether
there was discrimination using the concordance index
(c-index). The calibration curve was created to evalu-
ate the calibration and visually depict the relationship
between the projected probability of the BCR and the
actual observed events. Discrimination was quantified by
calculating the area under the receiver-operating char-
acteristic curve (AUC). To evaluate the external validity
of the prediction model, the validation cohort (as test
cohort) was used to obtain ROC curves and AUCs from
the predicted values by fitting the model created by the
primary Songklanagarind cohort (as training cohort).
The precision of the predicted probability when fitting
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the prediction model to the validation data was verified
using a calibration plot. R was used to conduct statistical
analysis (version 4.0.1, R Foundation for Statistical Com-
puting, Vienna, Austria). All statistical tests were two-
sided, and P<0.05 was considered statistically significant.

Results

Patients characteristics

As a result, 235 patients in the primary Songklanagarind
cohort and 135 patients in the validation cohort fulfilled
the criteria of this study. The median follow-up period
was 40 months (IQR), 19-60 months). The demographic
and clinical variables of the patients who were included
in this study overall are shown in Table 1. The median
age of primary Songklanagarind patients was 68.4 years
(IQR, 64-73 years) with median BMI of 24.4 kg/m2
(IQR, 22.6— 26.2 kg/m2). The median value of pre-opera-
tive PSA was 13.6 ng/mL (IQR, 9.3— 24.8 ng/mL) and was
divided into 2 groups: primary Songklanagarind and vali-
dation cohorts. (Table 1)

Biochemical recurrence (BCR)

Primary Songklanagarind cohort, 105 (44.6%) patients
developed BCR during follow-up in our cohort. All
patients who experienced biochemical recurrence (BCR)
received radiotherapy treatment without adjuvant treat-
ment. The 1-year and 5-year BCRFS was 52.8% and
45.7%. Median time to BCR 18.1 months and BCR-free
survival probability of our cohort (Fig. 2A) and according
to the PSA level, Gleason score, Gleason group, Gleason
grade group, T stage and surgical margin. Kaplan-Meier
curves were stratified by PSA level (<10,10-20, >20 ng/
mlL) [Fig. 2B], Gleason risk group (6,7, 8-10) (Fig. 2C),
Gleason grade group (1,2,3,4,5) [Fig. 2D], T stage (<=2,
3a, 3b) (Fig. 2E), and surgical margin (Fig. 2F) had signifi-
cantly shorter BCRFS (P<0.001). (Figure 2B and F).

Development and evaluation of the novel nomogram
Pre-operative PSA was assessed using a cut-off of 20 ng/
mL, Gleason grade group, SM, LVI, pT stage, and pN
stage in a univariable Cox proportional hazards regres-
sion model with the results displayed in Table 2. Every
predictor, with the exception of Gleason score and LVI,
was statistically substantially correlated with BCR follow-
ing RP (P<0.01).

Predictive nomogram

Finally, PSA preoperative, Gleason grade group, SM, and
pT stage, were independent predictors of BCR in multi-
variable Cox regression analysis (P<0.05). These factors
were included in a nomogram (Fig. 3), which predicted
BCRES at 1 and 5 years after RP. Figure 4 shows the ROC
curve for primary Songklanagarind cohort and validation
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Table 1 Demographic data of all prostate cancer patient who underwent laparoscopic radical prostatectomy included in the analysis
for primary cohort and validation cohort

Variables All Primary cohort Validation p-value

Total 370 235 135

Age (yrs) 0422
Mean (IQR) 67.7 (63-72) 684 (64-73) 67 (62-72)

BMI (Kg/m?) 0.365
Median (IQR) 24.3(223,264) 244 (226,26.2) 24.2(21.2,264)

Unknown 7 5 2

Blood loss (mL) 0.542
Median (IQR) 520 (280,820) 500 (300,800) 540 (280,820)

Prostate size 0416
Median (IQR) 46 (32.52) 42 (33.5,53.5) 50 (32,56)

Unknown 6 4 2

PSA group (ng/mL) 0.128
<=20 254 (68.6) 153 (75.1) 101 (74.8)
>20 116 (31.4) 82 (34.9) 34(25.2)

Pre operative MRI (PIRSADs) 0419
2 5(1.4) 4(1.7) 1(0.7)
3 13 (3.5) 9(38) .
4 137(37) 87(37.0) 50(37.0)
5 215(58.1) 135(57.5) 80 (59.3)

PSA preoperative 0.6
Median (IQR) 13.5(9.0,24.8) 13.6(9.3,24.8) 13.5(9.0,25.0)

Gleason 0.365
6 81(21.9) 61 (26) 20 (14.8)
7 217 (58.7) 127 (54) 90 (66.7)
8 30(8.1) 20(8.5) 10 (7.4)
9 36 (9.7) 26 (11.1) 10 (7.4)
10 6(1.6) 1(04) 5@3.7)

Gleason group 0.225
6 91 (25.6) 61 (26) 30(222)
7 197 (53.2) 127 (54) 70(51.9)
>=8 82(22.2) 47 (20) 35(25.9)

Grade group 0437
1 109 (29.4) 61 (26) 48 (35.6)
2 128 (34.6) 78(33.2) 50(37.0)
3 67 (18.2) 49 (20.9) 18(13.3)
4 29(7.8) 20(8.5) 9(6.7)
5 37(10) 27 (11.5) 10 (7.4)

Margin 0.286
Negative 233 (63.0) 161 (68.5) 72 (53.3)
Positive 137 (37.0) 74 (31.5) 63 (46.7)

LvI 0.263
Negative 285 (77.0) 180 (76.6) 105 (77.7)
Positive 85(22.3) 55(234) 30(22.3)

Total lymph node 0492
Median (IQR) 42,7) 4(2,6) 4(2,7)

T 0476
1 103 (27.8) 63 (26.8) 40 (29.6)

2 180 (48.6) 115 (48.9) 65 (48.1)
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Table 1 (continued)
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Variables All Primary cohort Validation p-value
3a 37(10) 23(9.8) 14 (10.3)
3b 50(13.5) 34 (14.5) 16 (11.8)
BCRrate 165 (44.6) 105 (44.7) 60 (44.4) 0324
Time to BCR 0422
Median (IQR) 176 (3.6/41.2) 18.1 (3.841.1) 17.2 (3.6,40.0)
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Fig. 2 (A-F). BCR-free survival probability; A: Overall, B: PSA level, C: Gleason risk group, D: Gleason grade group, E: T stage and F: Surgical margin

cohorts, with AUCs of 0.808 and 0.701, respectively
(Fig. 4), and the calibration curve (Fig. 5) illustrates how
the predictions from the nomogram compare with actual
outcomes produced a c-index of 0.78 (95% confidence
interval [CI], 0.71-0.81). The concordance index for this
nomogram was 0.78 (primary cohort) and 0.72 (valida-
tion cohort) based on the fitted multivariable Cox model.

Discussion

In the current study, we suggested a new nomogram
that demonstrated good accuracy of BCR prediction
for patients after LRP. The most crucial post-operative
parameter to be evaluated is PSA, which is anticipated
to be undetectable in 6 weeks following RP [9]. A high
probability of local recurrence or metastasis is indicated
by an elevated PSA level following RP [10]. The patient
is given the status of BCR [11], which was a signal of
cancer progression at a visual undetectable level, if the

post-operative PSA level reaches 0.2 ng/mL. Numer-
ous studies have been done on the connection between
PSA nadir and BCR following RP. According to a retro-
spective analysis, men with PSA >=0.01 ng/mL after RP
had a lower chance of developing BCRES after five years,
dropping from 92.4 to 56.8% [12]. PSA persistence after
RP was linked to higher BCR and overall mortality in a
research by Matsumoto et al. [13], which included 582
patients. These outcomes are consistent with the findings
of the current investigation. In comparison to the pre-
sent analysis, where BCR was detected in 105 patients,
several studies have described patients who underwent
prostatectomy with a 5-year BCR-free survival rate rang-
ing from 74 to 87% and a median PSA recurrence time
of 2.6 years, which also higher compared to our study
[14, 15]. Moreover, multivariable analysis identified unfa-
vorable factor to BCRFS which are high initial serum
PSA (>20), ISUP Gleason grade group>=3, positive
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Table 2 Predictive factors - Univariable analysis and multivariable analysis
Variables Univariable analysis Multivariable analysis
HR 95% Cl Pvalue HR 95% Cl P value
Initial PSA (ng/mL)
<=20 Ref Ref
> 20 44 26-7.7 <0.001 3.2 1.8-58 <0.001
Gleason score
6 Ref
7 27 1.5-5.1 0.002 22 12-33 <0.001
>8 84 43-163 <0.001 54 26-6.8 <0.001
Gleason grade group
1 Ref
2 22 1.1-4.2 0.025 15 0.7-29 0.29
>=3 5.1 2.8-96 <0.001 22 1.1-44 0.022
Margin status
Negative Ref Ref
Positive 26 1.8-3.9 <0.001 1.5 1.0-2.3 0.046
LVI status
Negative Ref Ref
Positive 27 1.8-4.1 <0.001 1.0 0.6-1.6 0.841
pT stage
2 Ref Ref
3a 32 1.9-54 <0.001 28 1.6-4.8 <0.001
3b 84 53-133 <0.001 52 3.1-86 <0.001
pN stage
0 Ref Ref 0.028
1 4.8 2.6-9.1 <0.001 3.1 1.7-5.8
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Fig. 3 Nomogram for BCR prediction calculation for 1 and 5-year BCRFS

margin status and seminal vesicle invasion using for
develop a nomogram to predict BCR. Consistent with
previous literature, patients with pathologically organ-
confined cancer exhibited consistently low hazard rates

over the follow-up period, emphasizing the significance
of extended surveillance and timely intervention in indi-
viduals who undergo radical prostatectomy [16]. Fur-
thermore, positive surgical margins (PSM) have been
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Fig. 4 Receiver operating characteristic curve analyses of predictors for biochemical recurrence free survival with area under the curve (AUC)

of 0.808 and 0.701, respectively: (A) primary cohort, (B) validation cohort
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Fig. 5 The calibration curve illustrates how the predictions from the nomogram compare with actual outcomes for the 235 patients (primary
cohort) and 135 patients. The concordance index was 0.78 and 0.72, respectively.; (A) primary cohort, (B) validation cohort

shown to have a detrimental impact on postoperative
functional outcomes (PFP) following radical prostatec-
tomy (RP), emphasizing the need to minimize PSM rates
for improved cancer control outcomes, despite the grow-
ing prevalence of organ-confined disease resulting from
enhanced screening strategies [17]. Similar conclusions
have been reported regarding the nomogram in previous
studies [18, 19].

Previously, Cooperberg et al. [7] developed the post-
operative CAPRA-S score based on pre-operative PSA,
Gleason score, seminal vesicle involvement, lymphonodal

extension, surgical margin invasion, and Extracapsu-
lar extension. We also acknowledge the existence of the
nomogram available on the Memorial Sloan Kettering
Cancer Center (MSKCC) website, which has been widely
used as a valuable tool in predicting BCR [20]. While
the MSKCC nomogram has demonstrated its utility and
validity in the field, our novel nomogram expands upon
the existing models in several key ways. First and fore-
most, our nomogram incorporates a focus group of the
laparoscopic approach, which allows for enhanced gener-
alizability of the predictive model, which was not present
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in the MSKCC nomogram. By including these updated
factors, our nomogram aims to provide an improved and
more accurate prediction of BCR after laparoscopic radi-
cal prostatectomy. Through these comparative analyses,
we have demonstrated that our nomogram exhibits supe-
rior predictive performance when applied to our specific
patient cohort. This enhanced performance can be attrib-
uted to the incorporation of additional relevant variables
and a refined model development process.

Our study revealed a significantly higher positive sur-
gical margin (PSM) rate of 31.5% compared to previous
findings. According to the previous study by Guillonneau
et al. [21] The PSM rates of 6.9%, 18.6%, 30%, and 34%
for for pT2a, pT2b, pT3a, and pT3b stages, respectively.,
our study had a lower proportion of T3 patients at 24.3%.
This discrepancy may contribute to the higher overall
PSM rate, as T3 tumors typically have increased extra-
capsular extension and involvement of surgical margins.
However, additional analysis is needed to explore other
factors such as surgical technique, surgeon expertise,
patient characteristics, tumor aggressiveness, and patho-
logical assessment methods. Understanding these factors
can inform improvements in procedures, patient selec-
tion, and postoperative care to reduce positive surgical
margins and enhance outcomes for laparoscopic radical
prostatectomy patients.

Due to variations in prostate cancer phenotypes across
people in Asian and Western nations, results from Asian
countries regarding the prediction of BCR are currently
missing [22]. There are many risk factor and its impact
on the BCR rate following surgery are still challenging for
surgeons to predict. To advance the present understand-
ing of BCR after LRP, we used retrospective cohort data
from Songklanagarind hospital in this study.

We created a simple model with comparisons for the
PSA cut-off at 20 ng/mL level, Gleason grade group, SM,
and pathologic T stage in order to confirm the incremen-
tal predictive value of the combination of independent
clinical indicators. Our newly developed nomogram has
the potential to serve as a valuable tool for predicting
biochemical recurrence-free survival (BCRES) and aiding
in the decision-making process for adjuvant treatments.
Specifically, when the nomogram indicates a high prob-
ability of biochemical recurrence (BCR) or a low score in
BCRES prediction, it suggests the consideration of early
adjuvant radiotherapy. Conversely, when the nomogram
indicates a low probability of BCR, it may provide the
opportunity to omit adjuvant radiotherapy and avoid
potential side effects associated with such treatment.

The limitations of this study. First, because this was
a retrospective study and the number of patient was
much smaller than in other studies, this study has
a number of drawbacks. Second, the newly created
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nomogram, which predicts BCRES following LRP with
good accuracy, incorporated various widely used fac-
tors, including PSA, Gleason grade group, and patho-
logic T stage. Specifically, we acknowledge that all
patients underwent transrectal ultrasound-guided
prostate biopsy instead of MRI-guided prostate biopsy,
which could potentially impact the validity of the nom-
ogram. Moreover, validation cohort was used to con-
firm accuracy of our nomogram. We emphasize that
future studies should aim to externally validate the
nomogram in different clinical settings to ensure its
broader applicability.

While we agree that MRI-guided biopsy has advan-
tages in terms of accuracy, availability, and target
localization, it is important to note that at the time of
our study, transrectal ultrasound-guided biopsy was
the standard practice in our institution. Nonetheless,
we recognize the potential limitations associated with
this choice and will include a discussion on the impact
of biopsy technique in the revised version of our arti-
cle. To enhance accuracy, we will incorporate multiple
evaluation methods, including PSA levels and other
biomarkers or imaging techniques. Implementing these
measures will provide a more comprehensive analysis
of biochemical recurrence following laparoscopic radi-
cal prostatectomy.

The practical implementation of the nomogram in
clinical practice to guide adjuvant or salvage treatment
is an essential consideration for its real-world applica-
bility. Clinicians interested in utilizing the nomogram
as a decision-making tool would benefit from additional
clarification on its implementation. Firstly, it is impor-
tant to provide guidance on how to use the nomogram
in a clinical setting. This includes outlining the specific
variables and inputs required for accurate predictions.
Clear instructions on data collection, such as the recom-
mended imaging modalities or laboratory tests, would
facilitate the practical application of the nomogram.
Furthermore, discussing the interpretation of the nomo-
gram’s results is crucial. Clinicians need to understand
the threshold or cutoff values associated with different
treatment recommendations. Guidance on the level of
confidence or uncertainty in the predictions would also
assist clinicians in evaluating the nomogram’s reliability.
In addition to implementation and interpretation, the
authors should consider discussing the potential benefits
and limitations of integrating the nomogram into clinical
practice. Highlighting the advantages, such as its ability
to provide individualized risk assessment and guide treat-
ment decisions, would emphasize its utility. However, it
is equally important to address any limitations, such as
the nomogram’s reliance on specific patient populations
or potential biases in the development of the model.
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Conclusion

Based on routine variables discovered in prostate cancer
patients with unfavorable factors, such as high initial PSA
(>20), ISUP Gleason grade group >=3, positive margin,
and higher pathologic T stage, this predictive models
could potentially improve the 1 and 5-year BCR predic-
tion after RP, according to the study’s findings and will
aid medical professionals in achieving the goal of clini-
cal prediction and creating a proper management for the
localized treatment of prostate cancer underwent laparo-
scopic radical prostatectomy.

Acknowledgements

The authors thank Miss Nannaphat Pruphetkaew from the Research Center
of Clinical Epidemiology, Prince of Songkla University for the help in statistical
analysis.

Authors’ contributions

Conceptualization, PP and TB. Methodology, PP and TB. Data analysis, PP.
Writing—originaldraft preparation, PP and TB. Writing—review and editing,All
authors contributed to the article and approved the submitted version.

Funding
Non applicable.

Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

The Songklanagarind hospital Ethics Committee granted approval for this
study with a waiver of informed consent and compliance with the Declaration
of Helsinki's guiding principles (REC.62-163-10-1).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 1 February 2023 Accepted: 23 October 2023
Published online: 13 November 2023

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer
JClin. 2023;73(1):17-48. https://doi.org/10.3322/caac.21763. PMID:
36633525.

2. Rajan P, Hagman A, Sooriakumaran P, Nyberg T, Wallerstedt A, Adding C,
et al. Oncologic outcomes after robot-assisted radical prostatectomy: a
large European single-centre cohort with median 10-year follow-up. Eur
Urol Focus. 2018;4:351-9. 10.1016/j. euf.2016.10.007.

3. Diaz M, Peabody JO, Kapoor V, Sammon J, Rogers CG, Stricker H, et al.
Oncologic outcomes at 10 years following robotic radical prostatectomy.
Eur Urol. 2015;67:1168-76. 10.1016/j. eururo.2014.06.025.

4. ChenH, Qu M, Lian BJ, Wang HF, Wang Y, Dong ZY, et al. Short- term
therapeutic outcomes of robotic-assisted laparoscopic radical prostatec-
tomy for oligometastatic Prostate cancer: a propensity score matching
study. Chin Med J. 2020;133:127-33. 10.1097/ CM9.0000000000000590.

5. Garcia-Barreras S, Sanchez-Salas R, Mejia-Monasterio C, Muttin F, Secin
F, Dell'Oglio P, et al. Biochemical recurrence-free conditional probability

Page 9 of 10

after radical prostatectomy: a dynamic prognosis. Int J Urol. 2019;26:725-
30. https://doi.org/10.1111/iju.13982.

Pompe RS, Bandini M, Preisser F, Marchioni M, Zaffuto E, Tian Z, et al. Con-
temporary approach to predict early biochemical recurrence after radical
prostatectomy: update of the Walz nomogram. Prostate Cancer Prostatic
Dis. 2018;21:386-93. https://doi.org/10.1038/541391-018-0033.
Cooperberg MR, Hilton JF, Carroll PR. The CAPRA-S score: a straightfor-
ward tool for improved prediction of outcomes after radical prostatec-
tomy. Cancer. 2011;117:5039-46. 10.1002/ cncr.26169.

Lu J, Wirth GJ, Wu S, Chen J, Dahl DM, Olumi AF, et al. A close surgical
margin after radical prostatectomy is an Independent predictor of recur-
rence. J Urol. 2012;188:91-7. 10.1016/j. juro.2012.02.2565.

Stamey TA, Kabalin JN, McNeal JE, Johnstone IM, Freiha F, Redwine EA,

et al. Prostate specific antigen in the diagnosis and treatment of adeno-
carcinoma of the prostate. Il. Radical prostatec- tomy treated patients. J
Urol. 1989;141:1076-83. 10.1016/ s0022-5347(17)41175-x.

. Preisser F, Chun FKH, Pompe RS, Heinze A, Salomon G, Graefen M, et al.

Persistent prostate-specific antigen after radical prostatectomy and its
impact on oncologic outcomes. Eur Urol. 2019;76:106-14. https://doi.org/
10.1016/j.eururo.2019.01.048.

. Cookson MS, Aus G, Burnett AL, Canby-Hagino ED, D’Amico AV, Dmo-

chowski RR, et al. Variation in the definition of biochemical recurrence
in patients treated for localized Prostate cancer: the American urological
association prostate guidelines for localized prostate cancer update
panel report and recommendations for a standard in the reporting of
surgical outcomes. J Urol. 2007;177:540-5. https://doi.org/10.1016/j.juro.
2006.10.097.

. Sokoll LJ, Zhang Z, Chan DW, Reese AC, Bivalacqua TJ, Partin AW, et al.

Do ultrasensitive prostate specific antigen measurements have a role in
predicting long-term biochemical recurrence-free survival in men after
radical prostatectomy? J Urol. 2016;195:330-6. https://doi.org/10.1016/.
juro.2015.08.080.

. Matsumoto K, Komatsuda A, Yanai Y, Niwa N, Kosaka T, Mizuno R, et al.

Determining when to stop prostate specific antigen monitoring after
radical prostatectomy: the role of ultrasensitive prostate specific antigen.
JUrol. 2017;197:655-61. 10.1016/j. juro.2016.08.098.

. Menon M, Bhandari M, Gupta N, Lane Z, Peabody JO, Rogers CG, Sam-

mon J, Siddiqui SA, Diaz M. Biochemical recurrence following robot-
assisted radical prostatectomy: analysis of 1384 patients with a median
5-year follow-up. Eur Urol. 2010;58(6):838-46.

. Sooriakumaran P, Haendler L, Nyberg T, Gronberg H, Nilsson A, Carlsson

S, Hosseini A, Adding C, Jonsson M, Ploumidis A, Egevad L, Steineck G,
Wiklund P. Biochemical recurrence after robot-assisted radical prostatec-
tomy in a European single-centre cohort with a minimum follow-up time
of 5 years. Eur Urol. 2012;62(5):768-74.

. Amling CL, Blute ML, Bergstralh EJ, Seay TM, Slezak J, Zincke H. Long-term

hazard of progression after radical prostatectomy for clinically localized
Prostate cancer: continued risk of biochemical failure after 5 years. J Urol.
2000;164(1):101-5. PMID: 10840432.

. Swindle P Eastham JA, Ohori M, Kattan MW, Wheeler T, Maru N, Slawin K,

Scardino PT. Do margins matter? The prognostic significance of positive
surgical margins in radical prostatectomy specimens. J Urol. 2008;179(5
Suppl):$47-51. https://doi.org/10.1016/j,juro.2008.03.137. PMID:
18405751.

. Kattan MW, Eastham JA, Stapleton AM, Wheeler TM, Scardino PT. A pre-

operative nomogram for Disease recurrence following radical prostatec-
tomy for Prostate cancer. J Natl Cancer Inst. 1998;90(10):766-71. https://
doi.org/10.1093/jnci/90.10.766. PMID: 9605647.

. D’Amico AV, Whittington R, Malkowicz SB, Schultz D, Blank K, Broderick

GA, Tomaszewski JE, Renshaw AA, Kaplan |, Beard CJ, Wein A. Biochemical
outcome after radical prostatectomy, external beam radiation therapy, or
interstitial radiation therapy for clinically localized prostate cancer. JAMA.
1998;280(11):969-74. https://doi.org/10.1001/jama.280.11.969. PMID:
9749478.

. Memorial Sloan Kettering Cancer Center. Prediction tools/Prostate Cancer

Nomograms/Post-Radical Prostatectomy https://www.mskcc.org/nomog
rams/prostate/post-op (25 June 2023, date last accessed).

. Guillonneau B, El-Fettouh H, Baumert H, Cathelineau X, Doublet JD,

Fromont G, Vallancien G. Laparoscopic radical prostatectomy: onco-
logical evaluation after 1,000 cases a Montsouris Institute. J Urol.


https://doi.org/10.3322/caac.21763
https://doi.org/10.1111/iju.13982
https://doi.org/10.1038/s41391-018-0033
https://doi.org/10.1016/j.eururo.2019.01.048
https://doi.org/10.1016/j.eururo.2019.01.048
https://doi.org/10.1016/j.juro.2006.10.097
https://doi.org/10.1016/j.juro.2006.10.097
https://doi.org/10.1016/j.juro.2015.08.080
https://doi.org/10.1016/j.juro.2015.08.080
https://doi.org/10.1016/j.juro.2008.03.137
https://doi.org/10.1093/jnci/90.10.766
https://doi.org/10.1093/jnci/90.10.766
https://doi.org/10.1001/jama.280.11.969
https://www.mskcc.org/nomograms/prostate/post-op
https://www.mskcc.org/nomograms/prostate/post-op

Bejrananda and Pliensiri BMC Urology ~ (2023) 23:183

2003;169(4):1261-6. https://doi.org/10.1097/01,ju.0000055141.36916.be.
PMID: 12629339.

22. ByunSS, Lee S, Lee SE, Lee E, Seo SI, Lee HM, Choi HY, Song C, Ahn H, Choi
YD, Cho JS. Recent changes in the clinicopathologic features of Korean
men with Prostate cancer: a comparison with western populations.
Yonsei Med J. 2012;53(3):543-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1097/01.ju.0000055141.36916.be

	Prediction of biochemical recurrence after laparoscopic radical prostatectomy
	Abstract 
	Background 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	Statistical analysis

	Results
	Patients characteristics
	Biochemical recurrence (BCR)
	Development and evaluation of the novel nomogram
	Predictive nomogram

	Discussion
	Conclusion
	Acknowledgements
	References


