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Purpose: To explore factors associated with moderate-to-severe pain (NRS > 4) in patients undergoing ultrasound-guided transper-
ineal prostate biopsy (TPB), and to establish and validate a nomogram model for risk assessment.

Patients and Methods: This study included 520 patients who underwent ultrasound-guided TPB at the First People’s Hospital of
Lianyungang City from September 2022 to December 2024. A training group (n = 400) and a validation group (n = 120) were
established based on the admission time. Data collection included demographics, admission comorbidities, laboratory tests, imaging
examinations, biopsy data, anxiety scores, and pain scores. Binary logistic regression was used to identify factors influencing
moderate-to-severe pain (NRS > 4). A nomogram-based risk assessment model was constructed, with a validation model created to
verify the training group. Additionally, a web-based dynamic nomogram risk assessment model was developed, and 120 patients from
external hospitals were included for external validation.

Results: Univariate analysis identified factors with statistical significance. Based on binary Logistic regression analysis, prostate
volume, anxiety score, history of diabetes, biopsy time, and number of biopsy needles were risk factors, while age was a protective
factor (P < 0.05). The nomogram-based risk assessment model demonstrated favorable predictive accuracy, with an area under the
receiver operating characteristic (ROC) curve (AUC) of 0.940 [95% CI: 0.914-0.967] in the training group and 0.893 [95% CI:
0.834-0.951] in the internal validation group. External validation further confirmed robust predictive capability (AUC = 0.888 [95%
CI: 0.825-0.951]). Additionally, decision curve analysis indicated clinically meaningful net benefits.

Conclusion: This nomogram-based risk stratification tool offers a robust framework for personalized perioperative pain management
in patients undergoing TPB. Furthermore, external validation further supports the model’s applicability.
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Introduction

Prostate cancer (PCa) remains the second most common cancer and the fifth leading cause of cancer death among men
globally according to GLOBOCAN 2020, with around 1,414,259 new cases of PCa, and 375,304 cancer-related deaths
worldwide.! Worldwide statistics revealed around 1,414,259 new cases, and 375,304 cancer-related deaths.! In China, the
age-standardized incidence rate (ASR) of PCa in 2020 was 10.2 per 100,000." Despite a prevalent occurrence worldwide,
PCa has controversial detection methods and diagnostic technologies, depending mainly on transperineal and transrectal
biopsies (TPB or TRB). Systematic TRB, ie, the gold standard, has been practiced globally for decades.”
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Recent empirical evidence has demonstrated the superiority of TPB in minimizing the risk of infection,’ augmenting
the accuracy of sampling in the anterior and apical zones of the prostate, reducing urethral trauma,* and broadening
peripheral zone sampling. Such type of mounting evidence is catalyzing a paradigm shift towards the adoption of TPB.
A comprehensive assessment of TPB outcomes and patient comfort is deemed imperative given that over two million
men in Europe and the United States undergo prostate biopsies annually.’

Effective pain management is crucial for TPB, directly impacting patient tolerance, procedural feasibility, and overall
experience. Current clinical strategies, including local anesthesia, monitored anesthesia care (MAC), and various
adjuncts, reflect a trend toward multimodal, personalized protocols. Although MAC with agents such as propofol offers
complete analgesia—proving invaluable for highly anxious individuals or complex cases—its demand for specialized
resources and personnel increases economic costs. Thus, well-optimized local anesthesia, involving perineal skin
infiltration and targeted periprostatic nerve blockade (PNB), serves as the foundation and frequent first-line approach
for most routine procedures. A key limitation of this approach, however, lies in the highly variable nature of pain
response, underscoring the need to identify high-risk patients proactively.

Recent studies on pain mechanisms, despite a confirmed feasibility of TPB under local anesthesia, have identified
severe pain and fear as major reasons for patients’ refusal, resulting in delayed necessary medical examinations.
Moreover, many male patients experience significant discomfort during TPB.® with about 1% requiring additional
analgesia or general anesthesia for a repeat TPB.”® Therefore, despite its role as the first-line strategy, pain associated
with TPB under local anesthesia remains a significant clinical issue, potentially affecting patient compliance and
procedural success.’

While the clinical necessity for accurate pain prediction is unequivocal, predictive tools for procedural pain in urology
remain sparse and limited. Prior research has developed models to predict postoperative pain following procedures such
as cystoscopy or ureteral stent placement.lo However, these models lack generalizability to the specific context of
intraoperative pain during TPB, which is the focus of the present investigation.

Previous research has documented various factors influencing pain during prostate biopsy, such as prostate volume,
number of cores, and anesthesia protocols. However, these studies often face methodological constraints such as small
sample sizes, single-center designs, and insufficient external validation. Furthermore, existing predictive models have
largely overlooked psychological factors, particularly patient anxiety, which is a well-established modulator of proce-
dural pain perception.'' Tt highlights the necessity for a comprehensive, validated predictive model, integrating both
clinical and procedural factors, to accurately assess the risk of moderate-to-severe pain before biopsy. Therefore, this
study constructed a nomogram reflecting the probability of moderate-to-severe pain during TPB specifically, with
external validation, which is anticipated to facilitate early identification of high-risk individuals for moderate-to-severe
pain, providing a reference for better strategic planning.

Materials and Methods

Patients and Data Collection

With approval obtained from the Independent Ethics Committee, and informed consent from all patients, between
September 2022 and December 2024, this study retrospectively acquired eligible data from 600 individuals undergoing
TPBs at Lianyungang City’s First People’s Hospital, Jiangsu, China. Patient selection was based on the following
eligibility criteria:

Inclusion Criteria

a) Suspicious prostate nodules by digital rectal examination. b) Suspicious lesions by transrectal ultrasound (TRUS) or
prostate MRI/CT. ¢) Serum total prostate-specific antigen (tPSA > 10 pg/L). d) A free-to-tPSA (ftPSA) < 0.16, and/or
prostate-specific antigen density > 0.15, and/or prostate-specific antigen velocity (PSAV) > 0.75 pg/(L-year) in case of
blood tPSA levels ranging between 4-10 pg/L. e) Abnormal results in other PCa biomarkers, such as positive urinary
PCa antigen 3 (PCA3). f) Diagnosis of PCa with evidence suggesting metastatic disease.
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Exclusion Criteria

a) Acute infection phase or febrile phase of the urogenital system. b) Hypertensive crisis. ¢) Decompensated heart
failure. d) Diseases with severe bleeding tendency. e¢) Severe immunosuppressive state. f) Poorly controlled or unstable
comorbidities (eg, hypertension and diabetes). g) Contraindications for transrectal puncture in patients with severe
internal or external hemorrhoids, perianal or rectal lesions, or anal stenosis. h) Presence of severe psychological disorders
or patients uncooperative with the procedure. 1) Study subjects lacking complete clinical information.

Following the exclusion of 80 patients (12 due to incomplete clinical records), a final cohort of 520 was enrolled. For
constructing and internally validating a predictive model, participants were divided into the training group (n=400,
September 2022 - May 2024) and the internal validation group (n=120, June 2024 - December 2024) based on their
admission dates. To assess the external validity of the predictive model, an independent cohort consisting of 120 patients
was collected from Huaian Second People’s Hospital between June 2024 and December 2024. TPBs were employed for
all these participants during this period. The same eligibility criteria as applied in the training cohort were used for
patient selection. The external validation cohort was utilized to evaluate the generalizability and predictive performance
of the model we constructed.

Transperineal Biopsy Under Local Anesthesia
Patients were placed in the lithotomy position, and a high-frequency ultrasound probe was inserted transrectally.
Subsequently, 20 mL of 1% lidocaine was administered locally via the perineum. First, based on the ultrasound image
showing the prostate projection onto the perineum, skin and subcutaneous infiltration anesthesia (10 mL) was performed
within approximately 0.5 cm of the peripheral prostate. Next, under real-time ultrasound guidance, lidocaine was injected
around the bilateral neurovascular bundles of the prostate (5 mL per side, totaling 10 mL) using a puncture needle.
Successful blockade was confirmed by the appearance of a hypoechoic fluid zone around the prostate and seminal
vesicles on ultrasound imaging. After the onset of anesthesia, systematic and targeted biopsies were performed, guided
by preoperative imaging findings (eg, suspicious MRI lesions) and a standard puncture protocol. Prostate dimensions,
volume, and locations and sizes of abnormal echoes were documented during the procedure.

All anesthetic and biopsy procedures were performed by a single urologist. Relevant parameters (eg, duration, needle
count) were recorded in real-time by a separate physician assisting throughout the procedure and subsequently entered
into electronic medical records. This standardized data-collection procedure ensured consistency and accuracy of

measurements.

Clinical Research Methodology

We conducted a comprehensive assessment of patients using a General Data Questionnaire, the State-Trait Anxiety
Inventory (STAI), and the Numeric Rating Scale (NRS). The objectives were to investigate the correlation between
various factors and the severity of postoperative pain experienced by patients following TPBs, and to construct
a predictive model for this type of pain.

General Data Questionnaire: To identify factors influencing moderate-to-severe postoperative pain, we developed this
questionnaire through an extensive literature review, discussions within our research team, and consultations with an
expert panel. It consists of three sections: (1) Demographic data of age, education, and body mass index (BMI); (2)
Disease-related details, such as prostate-specific antigen (PSA) levels, f/tPSA, prostate volume, Prostate Imaging
Reporting and Data System (PI-RADS) scores, and International Prostate Symptom Score (IPSS); (3) Surgical parti-
culars, covering operation duration, number of biopsy needles used, and pain scores.

STAI:'? This self-rating scale consists of 40 questions in two parts: (1) The State-Anxiety Inventory (S-Al, questions
1-20) to indicate transient experiences of unpleasant emotional states, such as tension, fear, anxiety, and nervousness,
accompanied by heightened activity of the autonomic nervous system; and (2) The Trait-Anxiety Inventory (T-Al,
questions 21-40) to describe the personality trait of relative stability, characterized by individual differences in anxiety
disposition. Anxiety was then classified into three tiers of no (< 35), moderate (36—41), and severe (> 42) anxiety.13
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During the study period, the STAI was routinely administered to all patients scheduled for the procedure as part of our
institution’s standard preoperative nursing assessment, thereby minimizing selection bias.

NRS:'* This scale, with a range from 0 (no pain) to 10 (the most severe pain imaginable), was employed to quantify
patients pain intensity. In this study, patients’ pain was assessed at five standardized time points: during insertion of the
ultrasound probe into the rectum (NRS1), subcutaneous anesthesia (NRS2), layered infiltration anesthesia around the
prostate capsule under ultrasound guidance (NRS3), each biopsy needle tissue sampling (NRS4), and 30 minutes
postoperatively (NRS5). The highest pain score recorded at any stage was considered the primary pain outcome for

analysis, categorizing patients into mild (<4 points) and moderate-to-severe (>4 points) pain groups.

Statistical Analyses
SPSS 25.0 (25.0; SPSS, Inc., Chicago, IL) and the R 4.5.00 (R Foundation for Statistical Computing) were employed for
analyses statistically. Categorical variables [frequencies (%)] were analyzed with the Chi-square (y%) test; while
continuous variables [M(P25, P75)] were assessed using the non-parametric Wilcoxon rank-sum test. A logistic regres-
sion analysis was utilized to pinpoint relevant factors. The identified factors were subsequently incorporated into the
“rms” package (R 4.5.0) for the construction of a predictive nomogram risk assessment model.

Meanwhile, receiver operating characteristic (ROC) curves were generated to evaluate the predictive accuracy of this
nomogram model in forecasting moderate-to-severe post-biopsy pain. A calibration curve was also plotted to assess the
predictive consistency of this Model. The threshold of statistical significance was set to P < 0.05.

Results

Analysis of General Data Between Groups

Statistical tests revealed inter-group comparable baseline data (P > 0.05; Table 1), indicating inter-group comparability.
Specifically, there was no significant inter-group difference in age, STAI, biopsy duration, number of biopsy needles,
history of diabetes, and prostate volume (P > 0.05). Overall, the training group had an average age of 71.13£10.44 years,
history of diabetes in 150 cases (37.5%), and anxiety score of 40.28+17.42; while those of the validation group were
72.72+10.22 years, history of diabetes in 38 cases (31.7%), and anxiety score of 41.83+16.96.

Univariate Analysis of Pain in Ultrasound-Guided TPB

Among the 400 patients in the training group, 134 experienced moderate-to-severe pain, while 266 patients only had mild
pain. In Table 2, the pain in patients was mainly associated with differences in age, prostate volume, anxiety score,
history of diabetes, biopsy history, biopsy time, Pi-RADS score, sleep quality and the number of biopsy needles (P <
0.05). However, there was no significant correlation with factors such as the patient’s education level, smoking history,
long-term alcohol consumption history, digital rectal examination status, history of chronic diseases, PSA, and IPSS, with
no statistical difference (P > 0.05).

Table | Consistency Test of the Training and Validation Groups

Constant Training Internal Validation P
Group Group

Moderate-to-severe pain 134 (33.5%) 36 (30.0%) 0.545
Age 71.13 £ 10.44 72.72 £ 1022 0.582
Anxiety score 40.28 + 17.42 41.83 = 16.96 0.382
Biopsy duration 42.27 + 13.20 40.75 + 13.05 0.266
Number of biopsy 14.44 + 2.77 14.49 +2.79 0.845
needles

History of diabetes 150 (37.5%) 38 (31.7%) 0.290
Prostate volume 60.87 + 40.02 60.54 + 41.27 0.939
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Table 2 Univariate Analysis of Moderate-to-Severe Pain Occurrence in Patients Undergoing Ultrasound-Guided TPB

Variable Moderate-to-Severe Pain Group | Mild Pain Group Iz P
(n=134) (n=266)
Educational level 3.674 0.452
llliterate 41 (30.6%) 77 (28.9%)
Primary school 29 (21.6%) 47 (17.7%)
Junior high school 30 (22.4%) 84 (31.6%)
High school 20 (14.9%) 35 (13.2%)
University and above 12 (9.0%) 23 (8.6%)
Sleep quality [Cases (%)] 7.062 0.029
Poor 32 (23.9%) 36 (13.5%)
Good 41 (30.6%) 85 (32.0%)
Excellent 61 (45.5%) 145 (54.5%)
Smoking history 0.333 0.564
Yes 84 (62.7%) 176 (66.2%)
No 50(37.3%) 90(33.8%)
Drinking history 0.290 0.590
Yes 64 (47.8%) 118 (44.4%)
No 70(52.2%) 103(55.6%)
Surgical operation history 2.534 0.111
Yes 61 (45.5%) 145 (54.5%)
No 73 (54.5%) 121 (45.5%)
History of BPH drug treatment 0.000 1.000
Yes 27 (20.1%) 53 (19.9%)
No 107 (79.9%) 213 (80.1%)
Understanding of prostate cancer 0916 0.338
Yes 17 (12.7%) 45 (16.9%)
No 117 (87.3%) 221 (83.1%)
Digital rectal examination status 3.560 0.059
Positive 70 (52.2%) 111 (41.7%)
Negative 64 (47.8%) 155 (58.3%)
Pirads score 12.050 | 0.007
Grade 2 23 (17.2%) 31 (11.7%)
Grade 3 25 (18.7%) 60 (22.6%)
Grade 4 41 (30.6%) 118 (44.4%)
Grade 5 45 (33.6%) 57 (21.4%)
Biopsy history [Cases (%)] 8.729 0.003
Yes 40 (29.9%) 44 (16.5%)
No 94 (70.1%) 222 (83.5%)
History of diabetes 35.555 | 0.000
Yes 78 (58.2%) 72 (27.1%)
No 56 (41.8%) 194 (72.9%)
History of chronic diseases 3014 0.390
0 58 (43.3%) 136 (51.1%)
| 55 (41.0%) 88 (33.1%)
2 14 (10.4%) 25 (9.4%)
3 7 (5.2%) 17 (6.4%)
Age [M(P25,P75), years] 67.00(58.25,79.00) 73.00(67.00,79.00) | —3.243 | 0.001
BMI [M(P25,P75), kg/m?] 24.50(22.86,26.36) 24.57(22.96,26.17) | 0.504 0.615
PSA [M(P25,P75), ng/mL] 13.26(9.35,22.56) 12.73(7.41,24.29) 0.597 0.551
FPSA [M(P25,P75), ng/mL] 2.01(1.16,3.35) 1.64(0.97,3.68) 0.552 0.582
Prostate volume [M(P25,P75), mL] 93.17(60.34,121.81) 37.91(28.42,55.12) | 10.949 | <0.001
(Continued)
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Table 2 (Continued).

Variable Moderate-to-Severe Pain Group | Mild Pain Group | y%Z P
(n=134) (n=266)

IPSS [M(P25,P75), min] 15.00(9.00,20.50) 15.00(11.00,18.00) | —0.069 | 0.945

STAI [M(P25,P75), score] 58.50(37.25,65.00) 31.00(24.00,42.75) | 9.563 | <0.001

Biopsy duration [M(P25,P75), min] 58.00(43.25,63.75) 33.50(29.00,40.00) | 11.661 | <0.001

Number of biopsy needles [M(P25,P75), needle] 17.00(15.00,18.00) 13.00(12.00,14.00) | 10.412 | <0.001

Logistic Regression Analysis of Factors Associated with Moderate-to-Severe Pain in
Ultrasound-Guided TPB

A binary Logistic multivariate regression analysis method was used focusing on nine factors with statistical significance
in the univariate analysis were independent variables, and the occurrence of moderate-to-severe pain in patients under-
going ultrasound-guided TPB as the dependent variable. As summarized in Table 3, the anxiety score (OR = 1.041, 95%
CI [1.017, 1.065], P < 0.001), biopsy duration (OR = 1.084, 95% CI [1.048, 1.121], P < 0.001), number of biopsy
needles (OR = 1.288, 95% CI [1.091, 1.520], P = 0.003), history of diabetes (OR = 4.436, 95% CI [2.101, 9.365], P <
0.001), and prostate volume (OR = 1.032, 95% CI [1.017,1.048], P < 0.001) were risk factors for moderate-to-severe
pain; while age (OR = 0.911, 95% CI [0.877, 0.946], P < 0.001) might exert protective role.

Construction and Verification of the Nomogram Risk Assessment Model for
Moderate-to-Severe Pain in Patients Undergoing Ultrasound-Guided TPB

Six statistically significant factors — age, anxiety score, biopsy duration, number of biopsy needles, history of diabetes,
and prostate volume — were incorporated for modeling to predict moderate-to-severe pain in patients undergoing
ultrasound-guided TPB (Figure 1A) To enhance clinical application, an online dynamic nomogram-based risk assessment

model was developed and made available as a web-based tool (accessible at: https://pain-prediction-model.shinyapps.io/

Pain-prediction-model/) (Figure 1B). This model is designed to provide clinicians with a user-friendly and intuitive

platform for assessing the individualized risk of moderate-to-severe pain during biopsy procedures, thereby facilitating

the development of personalized patient management strategies and treatment plans.

Table 3 Multivariate Analysis of Moderate-to-Severe Pain Occurrence in Patients Undergoing Ultrasound-Guided

TPB
Variable Regression Coefficient | Standard Deviation | Wald P OR 95% ClI
Constant —-5.813 1.764 —3.296 | <0.001 | 0.003 | [0.000,0.095]
Age —0.093 0.019 —4.887 | <0.001 | 0911 | [0.877,0.946]
Anxiety score 0.040 0.012 3.354 | <0.001 | 1.041 | [1.017,1.065]
Biopsy duration 0.081 0.017 4.678 | <0.001 | 1.084 | [1.048,1.121]
Number of biopsy needles 0.253 0.085 2.991 0.003 | 1.288 | [1.091,1.520]
Prostate volume 0.032 0.008 4.068 | <0.001 | 1.032 | [1.017,1.048]
History of diabetes 1.490 0.381 3.907 | <0.001 | 4.436 | [2.101,9.365]
Sleep quality
Good —0.415 0.434 —0.956 | 0.339 | 0.66! | [0.282,1.545]
Poor 0.026 0.479 0.054 0.957 | 1.026 | [0.401,2.624]
PIRADS score
3 —0.049 0.664 —0.073 | 0.942 | 0.952 | [0.259,3.500]
4 —0.231 0.627 —0.369 | 0.712 | 0.793 | [0.232,2.714]
5 0.526 0.645 0.816 0.414 | 1.693 | [0.478,5.987]
Biopsy history 0.582 0.489 1.191 0.234 | 1.790 | [0.687,4.666]
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Figure I Nomogram Risk Assessment Model for moderate-to-severe pain occurrence in ultrasound-guided TPB (A) and example of the online predictive model for prostate
biopsy pain (B). (A) The following six parameters were included in the development of the modeling group: Age (years), PV (prostate volume, mL), STAI (anxiety score), time
(biopsy duration, min), NBN (number of biopsy needles), and DM (Diabetes mellitus). (B) The URL for the online risk assessment model is (https://pain-prediction-model.shinyapps.
io/Pain-prediction-model/). The example shows a 7|-year-old patient with specific biopsy parameters and a predicted probability of 12.83% for moderate-to-severe pain.

The predictive performance of the model was evaluated through both internal and external validation. In the internal
validation, the area under the ROC curve (AUC) was 0.940 [95% CI: 0.914-0.967] and AUC of 0.893 [95% CI:
0.834-0.954] in the training and internal validation cohort, respectively (Figures 2 and 3), with corresponding sensitivity
of 80.6% and 91.7%, and specificity of 95.5% and 77.4%, respectively. In the external validation cohort of 120 patients,
the model achieved an AUC of 0.888 [95% CI: 0.825-0.951] (sensitivity: 69.8%, and specificity: 96.1%) (Figure 4). The
detailed performance metrics, including sensitivity, specificity, positive predictive value (PPV), and negative predictive
value (NPV) at the optimal cutoff point, are summarized in Table 4. As a result, the risk assessment model exhibited
strong discriminative ability and robust predictive performance across different patient cohorts.

For calibration performanceassessment,1,000 bootstrap resamples (B = 1,000) were applied to correct for potential
bias. In the training cohort (Figure 5), the curve demonstrated excellent concordance between predicted and observed
probabilities, with an average absolute error (Eavg) of 0.034 and a concordance index (C-index) of 0.940. Similarly, in
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Figure 2 ROC Curve for the Training Group. The AUC was 0.940. The optimal cutoff point, determined by the maximum Youden index, is indicated by an “X” on the
curve.

the internal validation cohort (Figure 6), good calibration was observed, with an Eavg of 0.060 and a C-index of 0.893. In
the external validation cohort (Figure 7), the calibration curve indicated satisfactory agreement, with an Eavg of 0.050
and a C-index of 0.888.

Additionally, based on decision curve analysis (DCA), in the training cohort (Figure 8), the model demonstrated
a higher net benefit across a wide range of threshold probabilities compared to the treat-all and treat-none strategies,
indicating favorable clinical applicability. Similarly, the model consistently provided greater net benefit than the two
comparator strategies, in the internal validation cohort (Figure 9), confirming its robustness and clinical usefulness. In
addition, assessment based on the external validation cohort (Figure 10) observed a substantial net benefit advantage in
this model, suggesting good generalizability and potential applicability to independent patient populations. Overall, the
predictive model could effectively support clinical decision-making by offering consistent and meaningful net benefit

across diverse threshold probabilities.

Discussion

As the second most common male malignant tumors worldwide,' PCa shows a continuous rise in its incidence rate in
China, ranking the sixth place among male malignant tumors.'> Therefore, it underlines the importance of its early
diagnosis and treatmentfor prolonging the lifespan of patients and improving their quality of life. Currently, TPB is
considered the preferred option of biopsy for diagnosing PCa,'® which, however, may cause more pain compared to TRB
as it requires passing through the skin and muscles until it reaches the prostate capsule.
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Common procedures for local anesthesia in the process of prostate biopsy include intrarectal local anesthesia, perineal
subcutaneous infiltration, pudendal nerve block, and periprostatic nerve block (PNB). PNB is currently considered the
“gold standard” for alleviating pain during this biopsy.!” PNB involves injecting the anesthetic agent around the
neurovascular bundles at the junction of the seminal vesicles and the prostate on both sides of the prostate base under
the guidance of TRUS. In the clinical setting, some patients are still not satisfied with the pain control during TPB under
PNB anesthesia, further compromising the progress of biopsy and subsequent diagnosis.

Presently, predictive tools for urological procedural pain are notably scarce. While recent studies have developed
models to predict postoperative pain after interventions like cystoscopy or ureteral stent placement,'” these models are
not generalizable to the distinct context of intraoperative pain encountered during TPB. This significant gap underscores
the critical need for and urgency of developing tailored predictive models for TPB.

In this study, based on the enrollment of 520 patients with ultrasound-guided TPB, the occurrence of moderate-to-
severe pain was found to be closely related to several influencing factors, including age, anxiety level, biopsy duration,
number of biopsy needles, presence of diabetes, and prostate volume. Specifically, 134 (33.5%) of the 400 patients in the
training group, and 36 (30.0%) of the 120 patients in the internal validation group suffered from moderate-to-severe pain.
These findings were similar to those reported by Rodriguez and Terris,'® who reported that 30% of patients undergoing
standard six-point biopsy protocol suffered from moderate-to-severe pain. Similarly, Zisman et al'® found in their pain
assessment of 211 patients undergoing biopsy that 96% of patients felt discomfort after the biopsy, with 29% experien-

cing severe pain and discomfort.
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on the curve.

Furthermore, our study revealed a protective role played by age in this context. Rodriguez and Terris'® also

documented differences in pain perception between different age groups, and younger patients experienced more

significant pain than older patients, supporting the potential effect of age in affecting patients’ pain perception.

Despite this, there is still inconsistent research findings on the link between age and pain during TRB or TPB.

Table 4 Summary of Model Performance Metrics

Group Sensitivity | Specificity | PPV NPV | Accuracy | AUC | Optimal Cutoff Points
Training 0.806 0.9549 0.9 0.9071 0.905 0.94 0.491
Validation 0.9167 0.7738 0.6346 | 0.9559 0.8167 0.893 0.239
External Validation 0.6977 0.961 0.9091 | 0.8506 0.8667 0.888 0.602
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1?° reported no correlation between age and pain or discomfort. Another study observed higher

Peyromaure M et a
intraoperative prevalence of such pain in younger patients compared with older patients, which may be attributable to the
psychological and physiological characteristics of young people. Young patients may have higher pain sensitivity and
a lower pain threshold, resulting in higher sensitivity to acute pain during biopsy. In contrast, the elderly may have
a certain natural protective effect against acute injury due to the reduction in the number of receptors and the increase in
the threshold for pain transmission stimulation.

Moreover, the risk of experiencing moderate-to-severe pain would be increased by 1.065 times for every one-point
increase in the patient’s anxiety score, highlighting the positive correlation between anxiety and pain perception. Indeed,
prostate biopsy can cause significant psychological stress to patients, with approximately 20% of men reporting the
feeling of anxiety or significant psychological tension before the biopsy.”' Some researchers also proposed a significant
linear association between anxiety and pain perception, and that anxiety was an independent predictor of pain during
prostate biopsy.”>** Interventions for anxious patients, such as the use of anti-anxiety medications, can work to alleviate
pain in gastrointestinal, breast, and bone marrow biopsies.”” 2’ Non-pharmacological interventions such as music therapy
and behavioral adjustments have also been proven to effectively reduce patients’ anxiety and pain.?® 3>

In addition to psychological factors, diabetic patients also experienced significantly stronger pain perception during
prostate biopsy. According to previous studies, diabetic patients have a higher sensitivity to pain, which may be
explained by the increased excitability of peripheral nerves and the mechanism of pain amplification in the central

nervous system.3 3735
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The number of biopsy needles and biopsy duration were significant risk factors. A notable pain correlation exists
between surgical duration and the number of core samples. The number of core samples has been established as
a predictor of pain in ultrasound-guided TRB.*® Conversely, Yasushi Nakai et al*’ discovered that pain gradually
accumulated from the first to the last sampling during ultrasound-guided TRB, forming the so-called pain accumulation
effect. Compared to the number of samples taken, biopsy duration might have a more significant impact on pain
perception, potentially resulting from increased perception of pain owing to an extended surgical duration. Prior opinion
has more prominently emphasized a strong correlation between prostate biopsy duration and the pain caused by the
surgery, rather than the number of samples taken. In this study, repeated biopsies were performed by penetrating the skin
directly, without the use of sampling sleeves, possibly triggering prolonged duration surgically and aggravated pain
perception in patients.

The prostate volume may also be a key factor causing patient pain. In our study, patients with larger prostate volumes
experienced more severe pain during ultrasound-guided TPB. The average prostate volume and its interquartile range
were 93.17 (60.34,121.81) mL and 37.91 (28.42,55.12) mL in the moderate-to-severe pain group and the mild pain
group, respectively. Existing publication has demonstrated prostate volume as a predictive indicator of biopsy-related
pain.*® A positive correlation has also been established between prostate volume and pain intensity by previous
research.’’ A study by Sonmez et al* proposed a cutoff value of 61.6 mm?® (with both sensitivity and specificity at
83%), suggesting that patients with the prostate volume exceeding 61.6 mm> may experience higher risk of pain during
prostate biopsy.
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In general, nomogram is a graphical tool for result visualization, which may assist clinical workers in analyzing the
probability of the risk of a certain indicator more intuitively, and providing decision-making support. For example, Ceci
F et al developed an innovative clinical nomogram for predicting positive PSA failure in gallium-68 prostate-specific
membrane antigen positron emission tomography/computed tomography in different clinical settings., with proved
accuracy in predicting positive scans.*!

On the basis of six readily accessible clinical and procedural variables, this study successfully developed and
externally validated a predictive nomogram for moderate-to-severe pain in patients undergoing ultrasound-guided
TPB. The model demonstrated excellent discriminative ability across different cohorts, with AUCs consistently exceed-
ing 0.88. Calibration curves revealed good concordance between predicted probabilities and observed outcomes; and
DCA confirmed its substantial clinical net benefit across a broad range of threshold probabilities. Unlike previous studies
that predominantly emphasized anatomical or procedural parameters, in our study, the constructed model uniquely
integrated psychological factors (eg, anxiety scores), alongside procedural characteristics such as biopsy duration and
the number of biopsy needles, contributing to enhancing its predictive accuracy and clinical applicability simultaneously.

The accurate preoperative prediction of severe pain following transurethral prostate biopsy holds significant potential
for optimizing healthcare resource utilization and improving economic efficiency. Our model, validated by decision curve
analysis, supports a risk threshold of >20% for initiating targeted analgesic interventions. This stratification facilitates
a differentiated management approach: low-risk patients are suitable for streamlined ambulatory pathways, whereas high-
risk patients receive preemptive, multi-modal analgesia. Such a strategy not only mitigates breakthrough pain but also

reduces the demand for unscheduled rescue interventions and unplanned admissions, thereby alleviating clinical
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Figure 9 Clinical Net Benefit Curve (DCA) for the Internal Validation Group. The DCA for the internal validation group indicates that the predictive model (blue curve)
consistently offers higher net benefit than the “treat-all” and “treat-none” strategies across various threshold probabilities. The findings confirm the robustness and clinical
applicability of this model in an independent internal validation dataset.

workload and improving bed turnover. Furthermore, by enhancing patient comfort and predictability, the model may
directly contribute to higher patient satisfaction scores—a critical metric in value-based care systems. It may also
accelerate the shift towards cost-effective outpatient procedures by increasing clinician confidence in managing post-
discharge risks. The proposed economic benefits, however, require future validation through formal cost-effectiveness
analyses.
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The nomogram can be considered as a practical tool for pre-procedural risk stratification. In our study, the
identification of high-risk patients based on this nomogram could facilitate the implementation of personalized perio-
perative strategies, including optimized anesthesia, targeted anxiety management, and procedural adjustments, ultimately
improving patient experience and biopsy tolerance. Nevertheless, several limitations warrant consideration. First, the
single-center retrospective design inherently carries the risk of selection bias. Our patient cohort originated from a single
tertiary care institution, potentially reflecting specific local demographic patterns and clinical practices; therefore,
generalizability may be limited. Second, the retrospective design might introduce potential selection biases. Third,
pain assessment relied on subjective patient-reported outcomes (eg, questionnaire-based data collection), which might
be disturbed by individual variability in pain perception and unmeasured psychological factors. Finally, this study did not
account for potential seasonal variations that may influence patient-reported anxiety and pain, constituting an important
direction for future research. Prospective multicenter studies involving independent populations, particularly those with
diverse ethnic backgrounds or differing healthcare delivery systems (eg, across multiple countries or hospital types), are
needed to further validate and refine this model. Additionally, the predictive performance can be enhanced potentially by
integrating more detailed anesthesia variables and comprehensive psychological assessments.

Conclusion

In summary, we have developed and validated a nomogram that identifies key risk factors—including prostate volume,
anxiety, and procedural variables—for pain after TPB. To facilitate clinical implementation, a risk threshold of >20% is
recommended to trigger a multi-modal intervention strategy, such as pre-procedural anxiolytics, enhanced local nerve
blocks, and prioritization by experienced operators. The promising performance of this tool warrants further prospective,
multi-center studies to confirm its generalizability and cost-effectiveness before widespread adoption.

Abbreviations

PCa, Prostate Cancer; TP, Transperineal, TR, Transrectal; DRE, Digital Rectal Examination; TRUS, Transrectal
Ultrasound; PSA, Prostate-Specific Antigen; tPSA, Total PSA; fit PSA, Free-to-Total PSA Ratio; PSAD, PSA
Density; PSAV, PSA Velocity; PCA3, Prostate Cancer Antigen 3; IPSS, International Prostate Symptom Score; Pi-
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