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Abstract: A positive surgical margin (PSM) is reported to have some connection to the occurrence
of biochemical recurrence and tumor metastasis in prostate cancer after the operation. There are
no clinically usable models and the study is to predict the probability of PSM after robot-assisted
laparoscopic radical prostatectomy (RALP) based on preoperative examinations. It is a retrospective
cohort from a single center. The Lasso method was applied for variable screening; logistic regression
was employed to establish the final model; the strengthened bootstrap method was adopted for
model internal verification; the nomogram and web calculator were used to visualize the model. All
the statistical analyses were based on the R-4.1.2. The main outcome was a pathologically confirmed
PSM. There were 151 PSMs in the 903 patients, for an overall positive rate of 151/903 = 16.7%; 0.727
was the adjusted C statistic, and the Brier value was 0.126. Hence, we have developed and validated
a predictive model for PSM after RALP for prostate cancer that can be used in clinical practice. In the
meantime, we observed that the International Society of Urological Pathology (ISUP) score, Prostate
Imaging Reporting and Data System (PI-RADS) score, and Prostate-Specific Antigen (PSA) were the
independent risk factors for PSM.

Keywords: prediction model; positive surgical margin (PSM); robot-assisted laparoscopic radical
prostatectomy (RALP)

1. Introduction

According to the 2020 global cancer statistics released by the International Agency
for Research on Cancer (IARC), there were more than 1.4 million newly diagnosed cases
of prostate cancer worldwide in 2020, accounting for 7.3% of new cancers, ranking third
after breast cancer and lung cancer [1]. In China, the incidence of prostate cancer has
steadily increased since 2015, owing to the continuous westernization of diet structure and
lifestyle, as well as population aging [2–4]. However, compared with other types of cancer,
prostate cancer is relatively inactive, and most patients have access to surgery with positive
therapeutic effects. Consequently, the mortality rate of prostate cancer is much lower than
the morbidity rate. Even in relatively advanced cases, neoadjuvant treatment does not
preclude the possibility of achieving local benefits [5,6] to obtain the opportunity for surgery.
Therefore, radical prostatectomy (whether laparoscopic or robot-assisted) remains the first-
line treatment option for prostate cancer [7,8]. However, the effect of surgery varies greatly
from one patient to the other, and there is still a phenomenon of biochemical recurrence
or even tumor metastasis in 27–53% of patients after surgery, which, in extreme cases, can
even be fatal to the patient [9]. Multiple studies have demonstrated that a positive surgical
margin (PSM) has been in relationship to the phenomenon of biochemical recurrence
and tumor metastasis in prostate cancer after the operation [10–12]. Some studies have
also indicated that different surgical methods, surgical pathways, and resection levels
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had an impact on the surgical margin. For example, robot-assisted laparoscopic radical
prostatectomy (RALP) with Retzius preservation (or the posterior approach) has a more
favorable prognosis regarding urinary incontinence but carries a greater risk of developing
a PSM [13]. Nerve-sparing increases the risk of ipsilateral PSM [14]. The new anatomical tip
dissection adopting the pubic prostatectomy collar opening technique may have a beneficial
effect on the operative cutting edge if surgery is performed [15]. As a consequence of
this, preoperative surgical margin judgment is a crucial part of the planning process for
surgical procedures.

Currently, some studies on the related predictive factors of surgical margins of prostate
cancer have been discovered. The following factors have been identified as independent pre-
dictors of PSM: preoperative PSA, biopsy Gleason score, percentage of positive biopsy nee-
dles, biopsy nerve infiltration, pathological Gleason score, pathological stage, lymph node
positivity, the extracapsular extension of the tumor, and seminal vesicle infiltration [16–18].
Previously, some similar prediction models were established, but the models included a
few factors or were only based on MR, or the score was relatively rough and not precise
enough [19–21]. There has been no research done to help visualize the complicated model,
which makes it inconvenient for both clinical and application work. As a result, we hope
to obtain a more comprehensive and detailed model to compensate for the shortcomings
of previous models. Moreover, we will illustrate the model using a nomogram. A web
calculator will also be provided to make the model easier to use.

2. Materials and Methods
2.1. Study Design and Data Sources

We conducted a retrospective cohort study on a large population of patients with
prostate cancer using patient data obtained from the Doctor’s Work System of Nanjing
Drum Tower Hospital. We included prostate cancer patients who underwent RALP in
Nanjing Drum Tower Hospital from January 2018 to December 2021, and excluded patients
who received preoperative neoadjuvant treatment, patients with a history of prostate-
related surgery, patients who experienced prostate biopsy in an external hospital, and
cases with important data missing. To rule out the possibility of metastasis, all patients
underwent preoperative imaging examinations. Patients whose Gleason score ≥3+4 under-
went lymphadenectomy. To make full use of the data, all of it was applied to establish the
derived data set, and the enhanced bootstrap method was employed to conduct internal
data verification.

2.2. Outcome

The outcome was a positive postoperative pathological margin. A positive margin
is the extension of a cancer cell within the ink section of a RALP specimen [22]. The
result of PSM will be determined after a staining procedure performed by an experienced
pathologist. To ensure the authenticity of the data, the pathologist was not aware of the
predictors’ results when measuring the outcome.

2.3. Predictors

Based on previous research findings, we examined the factors that influence the
surgical margin [16–18] and added some new variables. All predictors were measured by a
qualified physician before surgery. To ensure the authenticity of the data, clinicians and
test physicians were unaware of the outcomes when measuring the predictors, and each
predictor was measured independently without mutual interference. Following are the
details of the predictors.

Age: The patient’s age at the time of surgery.
BMI: The patient’s BMI at the time of hospitalization.
Prostate volume (V): The volume of the prostate measured at the time of the B-

ultrasound-fused magnetic resonance prostate biopsy.



Curr. Oncol. 2022, 29 9562

Percent of positive needles (PPN): The ratio of the total number of needles to the
number of needles that reached tumor cells.

International Society of Urological Pathology (ISUP) score: According to the consensus
of the classification meeting of the Society of Urological Pathology, the ISUP score was
provided by prostate biopsy pathology [23].

Percent of Tumor (PT): The sum of the tumor fractions per needle in the tissue obtained
through a prostate biopsy multiplied by 100.

Prostate Imaging Reporting and Data System (PI-RADS) score: It was provided by the
suspicious nodule from the preoperative 3.0T MRI. The film was read and the results were
given by a professional imaging doctor.

Tumor location (TL): The location of the suspicious nodule from the preoperative 3.0T
MRI of the patients before surgery, which was read by a professional in medical imaging. It
was grouped according to the peripheral zone (P), transitional zone (T), mixed (M), and
Negative (prostate cancer is not currently being considered).

Maximal tumor diameter (D): The maximal diameter of the suspicious nodule that can
be quantified in the preoperative 3.0T MRI of the patients.

The number of tumors (NT): The number of suspicious nodules on the preoperative
3.0T MRI of the patients.

Clinical staging of the tumor provided by MRI (T-MRI): It was evaluated on the basis
of the preoperative 3.0T MRI and the pathological results of the prostate biopsy. It was
categorized according to the latest eighth edition of tumor-staging criteria issued by the
Joint Commission on Cancer (AJCC) [24]. Stages less than or equal to T2a are divided
into group 1; T2b into group 2; the patients with staging greater than or equal to T2c were
divided into group 3.

Prostate-Specific Antigen (PSA): PSA is valued before the patient’s prostate biopsy
(at the time of the initial diagnosis), with some missing data replaced by preoperative
PSA values.

PSA density (PSAD): The portion of PSA in the prostate volume.
Inflammation index (II): Neutrophil count * platelet count/lymphocyte count. The

information was obtained from the patient’s preoperative routine blood test in order to
evaluate preoperative inflammation.

Time from biopsy to surgery (t): The time between the prostate biopsy and the RALP.
It was considered that the biopsy might cause local inflammation and edema of the prostate,
which may affect the surgical margin.

Operator: The operator performing RALP for the patients. It was grouped according
to the experience of RALP.

Others: Other risk factors, which predominantly include but are not limited to,
nerve involvement by biopsy, patients with EPE or SVI, and patients with substantial
clinical manifestations.

2.4. Sample Size

The sample size is determined by the amount of data available. Because the percentage
of missing data was small (21/903 = 2.3%) and the type of missing data was significant,
after eliminating the missing data, a total of 882 complete data were obtained.

2.5. Statistical Analysis Method

The potential predictors were determined through literature searches and discussions
with experts at Nanjing Drum Tower Hospital. First, logistic regression was used for
univariate analysis. After that, the variables were screened using the Lasso method. The
Lasso method is a kind of compression estimation [25]. As the number of predictive
variables in this study was more than the number of positive samples (according to the
standard of EPV ≥ 10:1), collinearity was suspected among the predictive variables. It is
necessary to use the Lasso method for screening variables to increase penalty terms, control
collinearity, and avoid over-fitting to a certain extent. Based on the optimal lambda value,
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nine prediction factors including age, PPN, ISUP, PT, D, PI-RADS, TL, T-MRI, and PSA
were screened out for the establishment of the final logistic regression model. Since no
treatment was performed on the patient, the interaction terms were not taken into account
during the modeling process. Finally, the enhanced bootstrap method was used for internal
verification. The nomogram was used to calculate the probability of each individual’s
prediction. To detail the assessment of the effect of model predictions, we will report model
accuracy (C-statistic), model calibration (calibration map), and others (Brier score).

Since there was no standard probabilistic risk stratification as a point of reference,
we divided the PSM risk of patients into four groups with low risk, low–medium risk,
medium–high risk, and high risk by using the statistical concept and quartile.

3. Results
3.1. Study Population

In total, 903 patients met our inclusion criteria and 882 samples were used for mod-
eling after excluding 21 with missing data. Figure 1 is a flowchart of sample inclusion
and exclusion.
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Table 1 indicates the baseline characteristics of overall and positive- and negative-
margin patients. It is demonstrated that the age of the patients is concentrated in the range
of 65 to 75 years, and as a whole, the majority of patients are in an early clinical stage,
which is manifested as low histological score (ISUP) and MRI score (PI-RADS). At the same
time, significant differences in age, PPN, ISUP, PT, PI-RADS, TL, D, T-MRI, PSA, PSAD,
and Others can be observed between the margin-positive and margin-negative groups.
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Table 1. Baseline characteristics of patients with prostate cancer. Values are numbers (percentages)
of patients.

Level Overall NSM PSM p Test SMD

n 903 752 151
age

(median [IQR])
70.00

[66.00, 75.00]
70.00

[65.00, 74.00]
71.00

[66.00, 77.00] 0.014 nonnorm 0.240

BMI
(mean (SD)) 24.60 (2.95) 24.60 (2.93) 24.58 (3.06) 0.922 0.009

V
(median [IQR])

32.40
[24.70, 44.90]

33.05
[24.78, 45.92]

31.10
[24.20, 39.20] 0.095 nonnorm 0.139

PPN
(median [IQR]) 0.36 [0.21, 0.50] 0.34 [0.19, 0.50] 0.44 [0.29, 0.67] <0.001 nonnorm 0.559

ISUP (%) 1 235 (26.0) 218 (29.0) 17 (11.3) <0.001 0.587
2 264 (29.2) 230 (30.6) 34 (22.5)
3 230 (25.5) 179 (23.8) 51 (33.8)
4 164 (18.2) 118 (15.7) 46 (30.5)
5 10 (1.1) 7 (0.9) 3 (2.0)

PT
(median [IQR])

14.29
[6.25, 25.94]

12.50
[5.53, 23.47]

24.29
[12.32, 37.71] <0.001 nonnorm 0.669

PI-RADS (%) 3 193 (21.4) 180 (23.9) 13 (8.6) <0.001 0.673
4 355 (39.3) 311 (41.4) 44 (29.1)
5 318 (35.2) 227 (30.2) 91 (60.3)
N 37 (4.1) 34 (4.5) 3 (2.0)

TL (%) M 236 (26.1) 185 (24.6) 51 (33.8) 0.056 0.246
N 32 (3.5) 28 (3.7) 4 (2.6)
p 354 (39.2) 307 (40.8) 47 (31.1)
T 281 (31.1) 232 (30.9) 49 (32.5)

D
(median [IQR]) 1.30 [0.90, 1.90] 1.30 [0.90, 1.80] 1.70 [1.20, 2.40] <0.001 nonnorm 0.545

NT (%) 0 37 (4.1) 33 (4.4) 4 (2.6) 0.520 0.154
1 546 (60.5) 458 (60.9) 88 (58.3)
2 263 (29.1) 217 (28.9) 46 (30.5)
3 51 (5.6) 40 (5.3) 11 (7.3)
4 6 (0.7) 4 (0.5) 2 (1.3)

T-MRI (%) 1 483 (53.5) 428 (56.9) 55 (36.4) <0.001 exact 0.426
2 75 (8.3) 55 (7.3) 20 (13.2)
3 345 (38.2) 269 (35.8) 76 (50.3)

PSA
(median [IQR])

8.94
[6.40, 13.61]

8.57
[6.11, 12.10]

14.90
[8.02, 23.77] <0.001 nonnorm 0.561

PSAD
(median [IQR]) 0.27 [0.18, 0.44] 0.26 [0.17, 0.40] 0.42 [0.27, 0.80] <0.001 nonnorm 0.570

II
(median [IQR])

376.68
[276.07, 519.53]

382.54
[274.14, 515.20]

366.61
[282.82, 541.58] 0.965 nonnorm 0.022

margin (%) 0 752 (83.3) 752 (100.0) 0 (0.0) <0.001 NaN
1 151 (16.7) 0 (0.0) 151 (100.0)

t (median [IQR]) 14.00
[10.00, 18.00]

14.00
[10.00, 18.00]

13.00
[10.00, 18.00] 0.571 nonnorm 0.019

Operator (%) 1 416 (46.1) 339 (45.1) 77 (51.0) 0.397 0.122
2 409 (45.3) 346 (46.0) 63 (41.7)
3 78 (8.6) 67 (8.9) 11 (7.3)

Others (%) 0 858 (95.0) 722 (96.0) 136 (90.1) 0.004 0.235
1 45 (5.0) 30 (4.0) 15 (9.9)

V: Prostate volume; PPN: Percent of positive needles; ISUP, International Society of Urological Pathology;
PT: Percent of Tumor; PI-RADS, Prostate Imaging Reporting and Data System; TL: Tumor location; D: Max-
imal tumor diameter; NT: Number of tumors; T-MRI: Clinical staging of the tumor provided by MRI. Stages less
than or equal to T2a are divided into group 1; T2b into group 2; the patients with staging greater than or equal to
T2c were divided into group 3; PSA: Prostate-Specific Antigen; II: Inflammation index; t: Time from biopsy to
surgery; Others: Other risk factors.

For the new predictors worthy of concern, the median of PPN is 0.34 in the NSM group
and 0.44 in the PSM group, which was distinguished by substantial differences. The same
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difference appeared in the PT factor, with a median PT of 12.5 in the NSM group and 24.29
in the PSM group. Since tumors are often irregular in shape and their volumes are not easy
to measure, we introduced the concept of the longest diameter. We were surprised to find a
significant distribution, with a median of 1.3 for D in the NSM group and up to 1.7 in the
PSM group. PSAD based on PSA performed similarly to PSA, possibly because the prostate
volumes did not show distinctions between the two groups. However, the performance of
NT, II, T, and Others was not satisfactory.

3.2. Modeling

There were only 151 events, and yet we considered 17 predictors. To satisfy the
requirement that a factor must be assigned to at least 10 events, we began with univariate
analysis. Table 2 shows the estimated values, standard errors, and p-values of the regression
coefficients for univariate analysis. Finally, 10 factors including age, PPN, ISUP, PT, D,
PI-RADS, PSA, PSAD, TL, and Others were selected for subsequent screening. Because
clinical staging is a relatively important parameter for prostate cancer, we included it in
subsequent screening, although it was not significant in univariate analysis.

Table 2. Regression coefficients for univariate analysis.

Coefficients:
Univariate Analysis

Estimate Std. Error Pr (>|z|)

age 0.039 0.014 0.006 ***
BMI −0.019 0.031 0.546

V −0.007 0.005 0.159
PPN 2.266 0.4.5 2.13 × 10−8 ***

ISUP-2 0.573 0.315 0.069 *
ISUP-3 1.270 0.299 2.13 × 10−5 ***
ISUP-4 1.480 0.311 1.90 × 10−6 ***
ISUP-5 1.681 0.735 0.022 **

PT 0.040 0.006 1.8 × 10−11 ***
D 0.693 0.115 1.67 × 10−9 ***

PI-RADS-4 0.551 0.322 0.087 *
PI-RADS-5 1.544 0.306 4.5 × 10−7 ***
PI-RADS-N −0.313 0.779 0.688

NT-1 0.417 0.543 0.443
NT-2 0.515 0.555 0.354
NT-3 0.819 0.630 0.193
NT-4 1.705 1.055 0.106
PSA 0.026 0.009 0.006 ***

PSAD 1.263 0.220 9.59 × 10−9 ***
T-MRI-2 0.070 0.373 0.852
T-MRI-3 0.235 0.246 0.342

TL-N −1.484 0.745 0.046 **
TL-p −0.607 0.231 0.009 ***
TL-T −0.127 0.224 0.574

II 0.0002 0.000 0.692
t −0.001 0.004 0.796

Others-1 0.860 0.345 0.013 **
Operator

100–200 cases −0.220 0.191 0.248

Operator
<100 cases −0.387 0.363 0.286

* p < 0.1; ** p < 0.05; *** p < 0.01, Univariate analysis was based on the logistic model.

After screening by the Lasso method, we obtained the final prediction factors and the
final prediction model. Table 3 demonstrates the regression coefficient estimates, OR, 95%
CI, and p-values for the final prediction model. Nomograms, as depicted in Figure 2, will
be used to visualize models for the convenience of clinicians.
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Table 3. The prediction model.

Coefficients Estimate OR 95% Confidence Interval Pr (>|z|)

age 0.020 1.020 0.991 1.051 0.180
PPN 0.696 2.006 0.424 9.500 0.381

ISUP-2 0.260 1.297 0.673 2.502 0.438
ISUP-3 0.630 1.877 0.968 3.636 0.063 *
ISUP-4 0.846 2.329 1.172 4.630 0.016 **
ISUP-5 1.243 3.466 0.742 16.202 0.115

PT 0.017 1.017 0.993 1.043 0.169
D 0.076 1.079 0.747 1.559 0.687

PI-RADS-4 0.349 1.417 0.727 2.762 0.306
PI-RADS-5 0.699 2.012 0.979 4.135 0.058 *
PI-RADS-N −1.358 0.257 0.013 4.907 0.367

PSA 0.026 1.026 1.008 1.045 0.006 ***
T-MRI2 0.070 1.072 0.516 2.228 0.852
T-MRI3 0.235 1.264 0.780 2.050 0.342
TL-N 1.357 3.883 0.211 71.321 0.361
TL-p −0.360 0.697 0.408 1.193 0.189
TL-T 0.430 1.537 0.908 2.604 0.110

Intercept −5.203 0.005 0.00001 ***
Observations: 882.000, Log Likelihood: −337.820, Akaike Inf. Crit: 711.639, * p < 0.1; ** p < 0.05; *** p < 0.01, OR
and 95% CI were calculated by SPSS 22.
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To make it easier for using, we also provide a web calculator. This is the website for the
calculator. https://doctor-h.shinyapps.io/dynnomapp/ (accessed on 23 November 2022).

As shown in Figure 2, If a patient was 70 years old, the ratio of positive needles was
0.5, the histological grade was 3, and the total tumor ratio was 30. The longest diameter of
the suspicious nodule was 1.53, the suspicious nodule score was 4, the PSA was 7.55, the
location of the suspicious nodule was a transitional zone, and the clinical stages were 2c
and above. With a total score of 385 and a PSM probability of 0.276, they belonged to the
low-risk group with PSM.

The discrimination of the final model was calculated by the C statistic (this was the
model discrimination index, and the greater the value, the better the discrimination). The
C statistic upon the model establishment was 0.764 (0.722, 0.806), and the C statistic after
internal verification and adjustment was 0.727. Moreover, the degree of calibration is
shown as the Brier value (a measure of the model’s degree of calibration, with a lower
value indicating a better degree of calibration, generally less than 0.25), which is 0.118
after modeling and 0.126 after adjustments by internal validation. The calibration curve is
shown in Figure 3. It could be observed that the model had a suitable replacement in the
low-risk and medium-risk groups, and a generally acceptable fit in the medium-risk and
high-risk groups, which would overestimate the result to some extent.

https://doctor-h.shinyapps.io/dynnomapp/
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Figure 3. The calibration curve. Both the C statistic and Brier value in the figure are precalibration
values. The C statistic after internal verification and adjustment was 0.727. The Brier value was 0.126
after internal validation adjustments. Both of them are acceptable.

Pathology information is provided as Appendix A (Table A1).

4. Discussion

We have developed and validated models to predict the risk of PSMs after RALP in
patients with prostate cancer. This algorithm combines the influencing factors mentioned
in previous studies with new variables associated with an increased risk of PSM. These
included age, PPN, ISUP, PT, D, PI-RADS, TL, T-MRI, and PSA. The final model has been
generated (Table 3). The model performed comparably in the validation and development
data sets, and we deemed it clinically available.

The widely accepted view that prostate cancer is an age-related disease has been
confirmed by numerous studies. As early as 2010, the American Cancer Society suggested
that men with an average risk should receive information about the uncertainty, risk,
and potential benefits of prostate cancer screening from age 50, while men in high-risk
groups should receive this information before age 50. Based on the information, the
patient decides whether to accept the examination [26]. Age has also been found to be an
independent predictor of shorter prostate cancer-specific survival in men diagnosed with
metastatic prostate cancer, even in an era of more effective treatment [27]. Now, we have
also discovered and reported that age is a predictor of PSM after RALP in patients with
prostate cancer. Some researchers have pointed out a male-specific association between
the accumulation of DNA damage related to mutation and aging and the prostate cancer
biomarker poly (ADP-ribose)-polymerase (PARP) [28]. This may be one of the reasons and
corresponding research can be conducted to investigate it.

ISUP is the grading standard of prostate cancer for judging the malignancy and the
prognosis of tumors established by the International Society of Urological Pathology, which
is generally accepted to be the case that, the larger the subgroup, the worse the prognosis
will be [29]. Such trends are also present in our model, with higher subgroups suggesting a
higher risk of PSMs.

PI-RADS is an overall score of suspected prostate cancer nodules based on multi-
parameter magnetic resonance imaging (mpMRI) proposed by the American Radiological
Society (ACR) and the European Society of Urological Surgery (ESUR). The second edition
published in 2016 is the latest standard for mpMRI imaging and reporting [30]. However,
due to distinct equipment and the reporter’s experience, there may still be bias. Overall,
the PI-RADS score was consistent with the direction of risk for PSM. Upon examining the



Curr. Oncol. 2022, 29 9568

regression model, we discovered that a PI-RADS score of 5 had a significant impact on
the outcomes.

Tumor location was grouped according to previous studies [18]. The location of the
tumor within the transitional zone was associated with an increased risk of PSM.

Compared with other studies using postoperative pathological staging [16], we prefer
to use clinical staging (T-MRI) because it is available preoperatively. The criteria for T-MRI
were by the AJCC cancer-staging 8th edition [24]. As a result, a higher T-MRI implies a
higher risk of PSM. This may also explain the relevance of neoadjuvant therapy in patients
with locally advanced stages, as the tumor may shrink to reduce T-MRI after neoadjuvant
therapy. Surgical treatment at this time can reduce the risk of PSM.

PSA, as an essential biomarker of prostate cancer, has been widely used for the
screening of various prostate cancers. Hereby, we reported that the probability of a high
PSA level is relatively high in patients with a high risk of PSM.

In addition, the new indicators contain an intriguing element. The proportion of
positive biopsy needles (PPN) can be approximated as a random sample, so a higher PPN
means a larger tumor with a higher likelihood of cutting the tumor. This is in line with our
observation that the risk of PSM rises as PPN levels rise. This phenomenon is also similar
to the results reported in other studies [17]. Percentage of Tumor (PT) is a new concept we
proposed based on PPN. We present this concept, because there may be a large number
of positive needles in a biopsy but a small amount of tumor per needle. We expected it
to perform better than PPN, but the result was not ideal. Although p (0.169) for PT was
less than PPN (0.381), indicating that PT was more likely to influence the results of PSM
than PPN, its regression coefficient (0.017) was less than PPN (0.696), indicating that PT
contributed less to the results than PPN. A larger sample size may then be required to
verify the relevance of the PT. The tumor maximum diameter (D) is a new measurement we
brought forward. The majority of the tumors are irregular and their volume is difficult to
measure, which is the primary motivation for proposing this index. To date, no investigator
has included it as a predictor of PSM. In the subgroup comparison, we obtained that D’s
distribution in the PSM group and the NSM group was significantly different, but after
being included in the regression model, D’s contribution was not optimistic. However,
we can still find the influence of the change of D on the risk of PSM. This may be an
approximation of the tumor’s volume. Similarly, a larger sample size may subsequently be
required to verify the importance of D.

The predictive factors included in this study are all indicators in the preoperative
necessary examinations for clinical patients, which were easily acquired and explained
in clinical work. For junior doctors who still lack clinical experience, this model can be
regarded as a tool for their rapid adaptation to clinical work. Meanwhile, the inclusion
of more predictors makes PSM more specific and predictable. If it extends from prostate
cancer to other systems, it is reasonable to believe that similar research can be conducted to
improve the therapeutic value of surgery for cancer in general.

The methods and standards for the derivation and validation of prediction models
are presented in the 2015 TRIPOD Statement by the BMJ [31]. Its advantage is to make the
research logic and process more rigorous, to make the report content more comprehensive
and standardized, and to make different prediction models comparable. Currently, no
study has pointed out any glaring flaws in the TRIPOD statement. The key advantages
of the prediction model established in this study include: it covered the entire contents of
the preoperative examination of prostate cancer, and these variables are easy to measure.
The greatest advantage lies in the visualization of the model, which transforms abstract
variables into practical evaluation tools. The limitations of this study include the possibility
of bias due to insufficient valid data and information bias: First, because the rate of PSM is
comparatively low (16.7%), which implies that inadequate relative sample size may cause
some deviations from the results. In this instance, univariate analysis was considered to pre-
screen factors. Although this approach has been questioned by statisticians, there seems to
be no better solution to solve similar dilemmas. Second, most patients included in this study
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are in the early clinical stage. This may allow the study model to perform effectively in
early-stage patients and may perform poorly in the overall patient population. Eventually,
additional validation studies may be required to cover a larger patient population.

Modeling and validation are currently performed on the same set of practices and
individuals, while an independent validation study would be a more rigorous test that
should be performed. We consequently expect other researchers interested in this research
to apply data from different institutions and even divergent races to verify this model.

5. Conclusions

In conclusion, we have developed and validated a predictive model for PSM after
RALP for prostate cancer that can be used in clinical practice. Simultaneously, we found
that the ISUP score, PI-RADS score, and PSA were the independent risk factors for PSM. In
this model, previous studies’ factors were referred to, and some new factors were proposed
to predict more comprehensively. This is probably the most relatively comprehensive
and operable prediction model in this field. Although it still has certain limitations, the
discrimination and calibration performance of the model are acceptable overall.

Author Contributions: Y.H.: methodology, software, validation, formal analysis, investigation, data
curation, writing—original draft, visualization. Q.Z.: conceptualization, Resources, writing—review
and editing. J.H.: investigation, data curation. L.X.: conceptualization, resources. S.Z.: conceptualiza-
tion. H.G.: resources, supervision, project administration, funding acquisition. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by the Chinesisch-Deutsches Mobilitätsprogramm, grant number
M-0670.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Appendix A

Table A1. Pathology Information.

NSM PSM p

n 752 151
ML (%) Apex 0 45 (33.1) 0.143

Periphery 0 42 (30.9)
Base 0 23 (16.9)

Apex + Periphery 0 12 (8.8)
Base + Periphery 0 6 (4.4)

Base + Apex 0 4 (2.9)
Apex + Base + Periphery 0 3 (2.2)
Periphery + Spermaduct 0 1 (0.7)

Gleason (%) 3 + 3 105 (14.0) 3 (2.0) <0.001
3 + 4 394 (52.4) 71 (47.0)
3 + 5 1 (0.1) 0 (0.0)
4 + 3 194 (25.8) 51 (33.8)
4 + 4 41 (5.5) 16 (10.6)
4 + 5 14 (1.9) 9 (6.0)
5 + 3 2 (0.3) 1 (0.7)
5 + 4 1 (0.1) 0 (0.0)
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Table A1. Cont.

NSM PSM p

N (%) 1 396 (52.7) 100 (66.2) 0.1
2 220 (29.3) 28 (18.5)
3 61 (8.1) 10 (6.6)
m 75 (9.9) 13 (8.6)

TL (%) M 160 (21.3) 47 (31.1) <0.001
p 380 (50.5) 40 (26.5)
T 212 (28.2) 64 (42.4)

EPE (%) 0 504 (67.0) 45 (29.8) <0.001
1 248 (33.0) 106 (70.2)

SVI (%) 0 720 (95.7) 123 (81.5) <0.001
1 32 (4.3) 28 (18.5)

VI (%) 0 730 (97.1) 139 (92.1) 0.006
1 22 (2.9) 12 (7.9)

NI(%) 0 332 (44.1) 25 (16.6) <0.001
1 420 (55.9) 126 (83.4)

Lymph node (%) 0 288 (38.3) 86 (57.0)
1 11 (1.5) 9 (6.0)
2 453 (60.2) 56 (37.1)

pT (%) T2 503 (66.9) 43 (28.5) <0.001
T3a 217 (28.9) 79 (52.3)
T3b 32 (4.3) 27 (17.9)
T4 0 (0.0) 2 (1.3)

ML: Margin location; N: Number of the tumor; TL: Tumor location; VI: Vascular invasion; NI: Invasion of nerve;
SVI: Seminal vesicle invasion.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Zheng, R.; Zhang, S.; Zeng, H.; Wang, S.; Sun, K.; Chen, R.; Li, L.; Wei, W.; He, J. Cancer incidence and mortality in China, 2016.
J. Natl. Cancer Cent. 2022, 2, 1–9. [CrossRef]

3. Feng, R.-M.; Zong, Y.-N.; Cao, S.-M.; Xu, R.-H. Current cancer situation in China: Good or sbad news from the 2018 Global Cancer
Statistics? Cancer Commun. Lond. Engl. 2019, 39, 22. [CrossRef] [PubMed]

4. Xia, C.; Dong, X.; Li, H.; Cao, M.; Sun, D.; He, S.; Yang, F.; Yan, X.; Zhang, S.; Li, N.; et al. Cancer statistics in China and United
States, 2022: Profiles, trends, and determinants. Chin. Med. J. (Engl.) 2022, 135, 584–590. [CrossRef] [PubMed]

5. Liu, W.; Yao, Y.; Liu, X.; Liu, Y.; Zhang, G.-M. Neoadjuvant hormone therapy for patients with high-risk prostate cancer: A
systematic review and meta-analysis. Asian J. Androl. 2021, 23, 429–436. [CrossRef]

6. McKay, R.R.; Berchuck, J.; Kwak, L.; Xie, W.; Silver, R.; Bubley, G.J.; Chang, P.K.; Wagner, A.; Zhang, Z.; Kibel, A.S.; et al. Outcomes
of Post-Neoadjuvant Intense Hormone Therapy and Surgery for High Risk Localized Prostate Cancer: Results of a Pooled
Analysis of Contemporary Clinical Trials. J. Urol. 2021, 205, 1689–1697. [CrossRef]

7. Costello, A.J. Considering the role of radical prostatectomy in 21st century prostate cancer care. Nat. Rev. Urol. 2020, 17, 177–188.
[CrossRef]

8. Sooriakumaran, P.; Karnes, J.; Stief, C.; Copsey, B.; Montorsi, F.; Hammerer, P.; Beyer, B.; Moschini, M.; Gratzke, C.; Steuber, T.; et al.
A Multi-institutional Analysis of Perioperative Outcomes in 106 Men Who Underwent Radical Prostatectomy for Distant
Metastatic Prostate Cancer at Presentation. Eur. Urol. 2016, 69, 788–794. [CrossRef]

9. Van den Broeck, T.; van den Bergh, R.C.N.; Briers, E.; Cornford, P.; Cumberbatch, M.; Tilki, D.; De Santis, M.; Fanti, S.; Fossati, N.;
Gillessen, S.; et al. Biochemical Recurrence in Prostate Cancer: The European Association of Urology Prostate Cancer Guidelines
Panel Recommendations. Eur. Urol. Focus 2020, 6, 231–234. [CrossRef]

10. Morizane, S.; Yumioka, T.; Makishima, K.; Tsounapi, P.; Iwamoto, H.; Hikita, K.; Honda, M.; Umekita, Y.; Takenaka, A. Impact of
positive surgical margin status in predicting early biochemical recurrence after robot-assisted radical prostatectomy. Int. J. Clin.
Oncol. 2021, 26, 1961–1967. [CrossRef]

11. Martini, A.; Gandaglia, G.; Fossati, N.; Scuderi, S.; Bravi, C.A.; Mazzone, E.; Stabile, A.; Scarcella, S.; Robesti, D.; Barletta, F.; et al.
Defining Clinically Meaningful Positive Surgical Margins in Patients Undergoing Radical Prostatectomy for Localised Prostate
Cancer. Eur. Urol. Oncol. 2021, 4, 42–48. [CrossRef]

12. Lee, W.; Lim, B.; Kyung, Y.S.; Kim, C.-S. Impact of positive surgical margin on biochemical recurrence in localized prostate cancer.
Prostate Int. 2021, 9, 151–156. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/j.jncc.2022.02.002
http://doi.org/10.1186/s40880-019-0368-6
http://www.ncbi.nlm.nih.gov/pubmed/31030667
http://doi.org/10.1097/CM9.0000000000002108
http://www.ncbi.nlm.nih.gov/pubmed/35143424
http://doi.org/10.4103/aja.aja_96_20
http://doi.org/10.1097/JU.0000000000001632
http://doi.org/10.1038/s41585-020-0287-y
http://doi.org/10.1016/j.eururo.2015.05.023
http://doi.org/10.1016/j.euf.2019.06.004
http://doi.org/10.1007/s10147-021-01977-x
http://doi.org/10.1016/j.euo.2019.03.006
http://doi.org/10.1016/j.prnil.2020.12.004
http://www.ncbi.nlm.nih.gov/pubmed/34692588


Curr. Oncol. 2022, 29 9571

13. Rosenberg, J.E.; Jung, J.H.; Edgerton, Z.; Lee, H.; Lee, S.; Bakker, C.J.; Dahm, P. Retzius-sparing versus standard robotic-assisted
laparoscopic prostatectomy for the treatment of clinically localized prostate cancer. Cochrane Database Syst. Rev. 2020, 8, CD013641.
[CrossRef] [PubMed]

14. Soeterik, T.F.W.; van Melick, H.H.E.; Dijksman, L.M.; Stomps, S.; Witjes, J.A.; van Basten, J.P.A. Nerve Sparing during Robot-
Assisted Radical Prostatectomy Increases the Risk of Ipsilateral Positive Surgical Margins. J. Urol. 2020, 204, 91–95. [CrossRef]

15. Koga, F.; Ito, M.; Kataoka, M.; Fukushima, H.; Nakanishi, Y.; Takemura, K.; Suzuki, H.; Sakamoto, K.; Kobayashi, S.; Tobisu, K.-I.
Novel anatomical apical dissection utilizing puboprostatic “open-collar” technique: Impact on apical surgical margin and early
continence recovery. PLoS ONE 2021, 16, e0249991. [CrossRef] [PubMed]

16. Kang, S.G.; Schatloff, O.; Haidar, A.M.; Samavedi, S.; Palmer, K.J.; Cheon, J.; Patel, V.R. Overall rate, location, and predictive
factors for positive surgical margins after robot-assisted laparoscopic radical prostatectomy for high-risk prostate cancer. Asian J.
Androl. 2016, 18, 123–128. [CrossRef]

17. Tuliao, P.H.; Koo, K.C.; Komninos, C.; Chang, C.H.; Choi, Y.D.; Chung, B.H.; Hong, S.J.; Rha, K.H. Number of positive preoperative
biopsy cores is a predictor of positive surgical margins (PSM) in small prostates after robot-assisted radical prostatectomy (RARP).
BJU Int. 2015, 116, 897–904. [CrossRef]

18. Li, Y.; Fu, Y.; Li, W.; Xu, L.; Zhang, Q.; Gao, J.; Li, D.; Li, X.; Qiu, X.; Guo, H. Tumour location determined by preoperative MRI is
an independent predictor for positive surgical margin status after Retzius-sparing robot-assisted radical prostatectomy. BJU Int.
2020, 126, 152–158. [CrossRef] [PubMed]

19. Tian, X.-J.; Wang, Z.-L.; Li, G.; Cao, S.-J.; Cui, H.-R.; Li, Z.-H.; Liu, Z.; Li, B.-L.; Ma, L.-L.; Zhuang, S.-R.; et al. Development and
validation of a preoperative nomogram for predicting positive surgical margins after laparoscopic radical prostatectomy. Chin.
Med. J. (Engl.) 2019, 132, 928–934. [CrossRef]

20. Park, M.Y.; Park, K.J.; Kim, M.; Kim, J.K. Preoperative MRI-based estimation of risk for positive resection margin after radical
prostatectomy in patients with prostate cancer: Development and validation of a simple scoring system. Eur. Radiol. 2021, 31,
4898–4907. [CrossRef]

21. Xu, B.; Luo, C.; Zhang, Q.; Jin, J. Preoperative characteristics of the P.R.O.S.T.A.T.E. scores: A novel predictive tool for the risk of
positive surgical margin after radical prostatectomy. J. Cancer Res. Clin. Oncol. 2017, 143, 687–692. [CrossRef] [PubMed]

22. Wettstein, M.S.; Saba, K.; Umbehr, M.H.; Murtola, T.J.; Fankhauser, C.D.; Adank, J.-P.; Hofmann, M.; Sulser, T.; Hermanns, T.;
Moch, H.; et al. Prognostic Role of Preoperative Serum Lipid Levels in Patients Undergoing Radical Prostatectomy for Clinically
Localized Prostate Cancer. Prostate 2017, 77, 549–556. [CrossRef]

23. Epstein, J.I.; Amin, M.B.; Reuter, V.E.; Humphrey, P.A. Contemporary Gleason Grading of Prostatic Carcinoma: An Update With
Discussion on Practical Issues to Implement the 2014 International Society of Urological Pathology (ISUP) Consensus Conference
on Gleason Grading of Prostatic Carcinoma. Am. J. Surg. Pathol. 2017, 41, e1–e7. [CrossRef]

24. Amin, M.B.; Greene, F.L.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R.;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer J. Clin. 2017, 67, 93–99. [CrossRef]

25. Zhang, Z.; Tian, Y.; Bai, L.; Xiahou, J.; Hancock, E. High-order covariate interacted Lasso for feature selection. Pattern Recognit.
Lett. 2017, 87, 139–146. [CrossRef]

26. Wolf, A.M.D.; Wender, R.C.; Etzioni, R.B.; Thompson, I.M.; D’Amico, A.V.; Volk, R.J.; Brooks, D.D.; Dash, C.; Guessous, I.;
Andrews, K.; et al. American Cancer Society guideline for the early detection of prostate cancer: Update 2010. CA Cancer J. Clin.
2010, 60, 70–98. [CrossRef] [PubMed]

27. Bernard, B.; Burnett, C.; Sweeney, C.J.; Rider, J.R.; Sridhar, S.S. Impact of age at diagnosis of de novo metastatic prostate cancer on
survival. Cancer 2020, 126, 986–993. [CrossRef]

28. Deniz, M.; Zengerling, F.; Gundelach, T.; Moreno-Villanueva, M.; Bürkle, A.; Janni, W.; Bolenz, C.; Kostezka, S.; Marienfeld, R.;
Benckendorff, J.; et al. Age-related activity of Poly (ADP-Ribose) Polymerase (PARP) in men with localized prostate cancer. Mech.
Ageing Dev. 2021, 196, 111494. [CrossRef] [PubMed]

29. Epstein, J.I.; Egevad, L.; Amin, M.B.; Delahunt, B.; Srigley, J.R.; Humphrey, P.A. Grading Committee The 2014 International
Society of Urological Pathology (ISUP) Consensus Conference on Gleason Grading of Prostatic Carcinoma: Definition of Grading
Patterns and Proposal for a New Grading System. Am. J. Surg. Pathol. 2016, 40, 244–252. [CrossRef] [PubMed]

30. Weinreb, J.C.; Barentsz, J.O.; Choyke, P.L.; Cornud, F.; Haider, M.A.; Macura, K.J.; Margolis, D.; Schnall, M.D.; Shtern, F.;
Tempany, C.M.; et al. PI-RADS Prostate Imaging—Reporting and Data System: 2015, Version 2. Eur. Urol. 2016, 69, 16–40.
[CrossRef]

31. Collins, G.S.; Reitsma, J.B.; Altman, D.G.; Moons, K.G.M. Transparent reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD): The TRIPOD statement. BMJ 2015, 350, g7594. [CrossRef] [PubMed]

http://doi.org/10.1002/14651858.CD013641.pub2
http://www.ncbi.nlm.nih.gov/pubmed/32813279
http://doi.org/10.1097/JU.0000000000000760
http://doi.org/10.1371/journal.pone.0249991
http://www.ncbi.nlm.nih.gov/pubmed/33857230
http://doi.org/10.4103/1008-682X.148723
http://doi.org/10.1111/bju.12888
http://doi.org/10.1111/bju.15060
http://www.ncbi.nlm.nih.gov/pubmed/32219979
http://doi.org/10.1097/CM9.0000000000000161
http://doi.org/10.1007/s00330-020-07569-z
http://doi.org/10.1007/s00432-016-2313-2
http://www.ncbi.nlm.nih.gov/pubmed/27921275
http://doi.org/10.1002/pros.23296
http://doi.org/10.1097/PAS.0000000000000820
http://doi.org/10.3322/caac.21388
http://doi.org/10.1016/j.patrec.2016.08.005
http://doi.org/10.3322/caac.20066
http://www.ncbi.nlm.nih.gov/pubmed/20200110
http://doi.org/10.1002/cncr.32630
http://doi.org/10.1016/j.mad.2021.111494
http://www.ncbi.nlm.nih.gov/pubmed/33887280
http://doi.org/10.1097/PAS.0000000000000530
http://www.ncbi.nlm.nih.gov/pubmed/26492179
http://doi.org/10.1016/j.eururo.2015.08.052
http://doi.org/10.1136/bmj.g7594
http://www.ncbi.nlm.nih.gov/pubmed/25569120

	Introduction 
	Materials and Methods 
	Study Design and Data Sources 
	Outcome 
	Predictors 
	Sample Size 
	Statistical Analysis Method 

	Results 
	Study Population 
	Modeling 

	Discussion 
	Conclusions 
	Appendix A
	References

