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Abstract: This study aims to construct a Nomogram model to predict the risk of developing castration-resistant pros-
tate cancer (CRPC) in patients with high tumor burden (HTB) and osseous metastatic prostate cancer (PCa), and to
identify key prognostic factors. A retrospective analysis was conducted on patients with HTB and osseous metastatic
PCa treated at The Sixth Affiliated Hospital, School of Medicine, South China University of Technology and the Sec-
ond Affiliated Hospital of Guangzhou Medical University from January 2018 to February 2022. Patients’ baseline
data and laboratory indexes were collected. Cox regression analysis identified neural invasion (NI; P<0.001, HR:
2.371, 95% Cl: 1.569-3.582), Gleason score (P=0.002, HR: 1.787, 95% Cl: 1.241-2.573), initial PSA (P=0.004,
HR: 1.677, 95% Cl: 1.174-2.396), and lactate dehydrogenase (LDH; P<0.001, HR: 2.729, 95% Cl: 1.855-4.014) as
significant prognostic factors for progression to CRPC. The constructed Nomogram model exhibited high accuracy
in predicting one- and two-year progression to CRPC, with external validation confirming its predictive performance.
Time-dependent receiver operating characteristic (ROC) curves indicated that the areas under the curves (AUCs) of
the model for one- and two-year progression to CRPC were 0.81 and 0.76, respectively. This model demonstrates
high predictive performance, aiding clinical decision-making and providing personalized treatment strategies for
patients with HTB and osseous metastatic PCa.

Keywords: Prostate cancer, castration-resistant prostate cancer, nomogram model, prognostic factors, neural
invasion

Introduction males [2]. As the population ages and lifestyle
changes continue, the burden of PCa is ex-
pected to rise in the coming decades [3]. Addi-

tionally, the disease often lacks early symp-

Prostate cancer (PCa) remains one of the most
prevalent malighancies among men worldwide,

showing a continuously rising incidence and
mortality across countries and regions and
presenting as a grave public health issue [1].
Statistics indicate over 160,000 new cases
of PCa in the United States annually, making
PCa the third leading cause of cancer death in

toms, resulting in a diagnosis in advanced stag-
es among most patients when seeking medical
advice [4].

High tumor burden (HTB) and osseous meta-
static PCa, a manifestation of advanced PCa, is
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characterized by tumor cells spreading to the
bones, leading to bone destruction and relat-
ed complications, seriously impairing patients’
quality of life and survival [5]. While this type of
PCa may initially respond to hormone therapy,
many patients eventually develop castration-
resistant prostate cancer (CRPC), where tumor
cells are no longer sensitive to hormone thera-
py, leading to rapid disease progression, limited
treatment options, and adverse outcomes [6].

The therapeutic goal for CRPC focuses on pro-
longing survival and enhancing quality of life
[7]. However, due to the high heterogeneity and
complex molecular mechanisms of CRPC, there
is currently a lack of precise biomarkers and
effective treatment approaches. Research has
shown that among patients with first-onset
metastatic PCa, patients with HTB are more
susceptible to progression to CRPC than those
with a low tumor burden, accompanied by
shorter overall survival [8]. Clinically, while sin-
gle photon emission computed tomography
(SPECT) and, if necessary, contrast-enhanced
MRI, for patients undergoing whole-body bone
scintigraphy (BS) can provide a comprehensive
detection and diagnosis of osseous metasta-
sis, they do not account for other risk factors
such as Gleason scores and clinical staging,
which also influence disease progression [9].
Hence, identifying and validating prognostic
factors that can predict progression to CRPC
is of great significance for the early identifica-
tion of high-risk patients, development of per-
sonalized treatment plans, optimization of re-
source allocation, and improvement of patient
prognosis.

Analyzing prognostic factors and constructing
prediction models are crucial for achieving pre-
cision medicine and improving the manage-
ment of CRPC patients [10]. By analyzing the
clinical characteristics, biomarkers, and genet-
ic information of patients, key factors asso-
ciated with disease progression can be identi-
fied [11], which helps doctors better evaluate
patient outcomes and treatment responses,
guide the design of clinical trials, and develop
of new drugs.

This retrospective study comprehensively ana-
lyzed the clinical data of patients with HTB and
osseous metastatic PCa, aiming at revealing
the potential prognostic factors for the progres-
sion from HTB and osseous metastatic PCa to
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CRPC and constructing an innovative predic-
tion model. Given the limited research on prog-
nostic factors for this specific patient popula-
tion, the results of this study are expected to fill
the knowledge gap in this field and provide clini-
cians with a novel and more accurate assess-
ment tool for predicting disease progression
and devising personalized treatment plans.

Data and methods
Clinical data

The clinical data from patients with HTB and
osseous metastatic PCa treated in The Sixth
Affiliated Hospital, School of Medicine, South
China University of Technology and the Second
Affiliated Hospital of Guangzhou Medical
University between January 2018 and February
2022 were retrospectively collected for this
study. The study was approved by The Sixth
Affiliated Hospital, School of Medicine, South
China University of Technology. Due to the ret-
rospective nature of the study, informed con-
sent was waived. To understand this, we drew a
flow chart (Figure 1).

Eligibility criteria

Inclusion criteria: PCa was confirmed by tran-
srectal ultrasound-guided prostate biopsy [12];
The diagnosis of PCa with HTB and osseous
metastasis was based on thoracic, abdominal,
and pelvic CT scans, as well as SPECT whole-
body bone scans or whole-body PET-CT imag-
ing; HTB was defined as having visceral metas-
tases or more than four osseous metastases,
with at least one located outside the axial skel-
eton or pelvis, or the presence of both osseous
metastases and visceral metastases; Patient
had complete basic data and hematological
results before the biopsy, and a confirmed diag-
nosis at the time of inclusion; Availability of
complete clinical data.

Exclusion criteria: Patients who were either not
diagnosed for the first time or received initial
endocrine therapy at other institutions; Patients
with other types of tumors or who had recently
undergone radiotherapy or chemotherapy; HTB
PCa patients without clear diagnosis of osse-
ous metastases.

CRPC stage definition

For PCa patients who received treatment, dis-
ease progression was defined as the presence

Am J Cancer Res 2024;14(9):4459-4471



A nomogram model for predicting castration-resistant prostate cancer

PCa patients with high tumor burden bone metastases
who were treated in our hospital from January 2018 to F
ebruary 2022 were retrospectively collected as the subje

cts of this study.

Inclusion criteria: Confirmed PCa using transrectal ultrasound-
guided prostate needle biopsy [12]. PCa with high tumor burden and bone metast
asis was diagnosed through thoracoabdominal and pelvic CT scan and SPECT wh
ole-body bone imaging or whole-body PET-
CT imaging. High tumor burden is defined as having visceral metastasis or more t
han four bone metastasis lesions, at least one lesion is located outside the axial b
one or pelvis, or there is both bone metastasis and visceral metastasis. The patien
t's basic information and hematology results before puncture must be complete.

Exclusion criteria: patients who were not diagnosed or treated with endocrine ther

apy for the first time in our hospital. Patients who have other types of tumors or ha

ve recently received radiotherapy or chemotherapy. PCa patients with high tumor
burden who have bone metastases cannot be clearly diagnosed.

Definition of CRPC: The condition in which the disease progresses despite the serum testosteron
e level reaching castration level (<1.7 nmol/L or <560 ng/dL).

Manifestations of Disease Progression:

PSA Progression: An increase in PSA level in three consecutive tests, with the last measurement
showing an increase of more than 50% from the baseline and the final PSA value 22 ng/mL.

Radiographic Progression:

New Bone Lesions: At least two new bone metastatic lesions detected by bone scan.
New Soft Tissue Lesions: New soft tissue lesions evaluated using the RECIST criteria.

Patient Follow-Up

In this study, patients were followed up for 2 years, and patient information was ob
tained by telephone with with outpatient review records.

1.A sample of 253 patients who met the
criteria was divided into a validation grou
p (n=75) and a training group (n=178) in
a ratio of 7:3 to compare the differences
in clinical data between the two groups.

2. Cox regression analysis was used to
analyze the prognostic factors affecting
progression to CRPC in prostate cancer
patients with high tumor load bone meta
stases in the training group.

4. Nomogram was used to construct a pr

edictive model for progression to CRPC

in prostate cancer patients with high tum
or load bone metastases.

3. K-
M curves were plotted for prognostic fact
ors.

5. ROC curves, DCA curves, and calibra

tion curves were used to evaluate the dif

ferentiation, calibration, and clinical utilit
y of the model.

Figure 1. Research flowchart.

of progressive disease even if the serum tes-
tosterone level reached the castration level
(<1.7 nmol/L or <50 ng/dL), according to the
Chinese Guidelines for the Diagnosis and
Treatment of Urology and Andrology Diseases
(2022 edition) [13]. Disease progression can
be either prostate-specific antigen (PSA) pro-
gression or radiographic progression.

PSA progression is specifically defined as three
consecutive PSA tests showing an increase in
PSA levels over a period of at least 1 week, with
the last test indicating a >50% increase com-
pared to the basal value and the final PSA value
reaching more than 2 ng/mL. The sustained
increase in PSA levels is indicative of persis-
tent disease activity and progression, despite
achieving the goal of drug therapy (castration
levels of testosterone) [14].

The specific definition of radiographic progres-
sion is the identification of new lesions in imag-
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6. Validate the value of the Nomogram
model with the validation set of data.

7. 2 patients were randomly selected to
validate the model prediction accuracy.

ing examinations, including at least 2 new
0sseous metastases indicated by bone scans,
or new soft tissue lesions evaluated using the
Response Evaluation Criteria in Solid Tumors
(RECIST) criteria.

Information acquisition

Patient data were acquired through electronic
medical records, outpatient review records,
and follow-up records. Baseline data included
age, body mass index (BMI), ethnicity, marital
status, educational level, family history of can-
cer, intraductal carcinoma of the prostate, neu-
ral invasion (NI), hypertension, diabetes melli-
tus, T-staging, N-staging, and Gleason score.
The above data were the first records of pa-
tients after admission. Laboratory indexes in-
cluded PSA, testosterone, hemoglobin (HGB),
alkaline phosphatase (ALP), lactate dehydroge-
nase (LDH), and albumin (ALB). Laboratory indi-
cators were grouped using X-tile software.
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Patient follow-up

In this study, patients were followed up for 2
years. Follow-up data were obtained by tele-
phone and outpatient review records. Speci-
fically, follow-up was scheduled at 3, 6, 9, and
12 months in the first year after diagnosis and
initiation of treatment, and at 16, 20, and 24
months in the second year.

Outcome measures

1. A total of 253 eligible cases were screened
out according to the inclusion and exclusion cri-
teria and CRPC definition. These cases were
then assigned to a validation group (n=75)
and a training group (n=178) in a 7:3 ratio to
compare their differences in clinical data. 2.
Prognostic factors affecting the progression to
CRPC in patients with HTB and osseous meta-
static PCa in the training group were identified
by Cox regression analysis. 3. Kaplan-Meier
(K-M) curves were plotted for the prognostic
factors identified. 4. A Nomogram was used to
construct a prediction model for the progres-
sion to CRPC in patients with HTB and osseous
metastatic PCa. 5. Receiver operating charac-
teristic (ROC) curves, decision curve analysis
(DCA), and calibration curves were used to eval-
uate the discrimination, calibration, and clini-
cal practical value of the model. 6. The value of
the Nomogram model was validated with data
from validation group. 7. The prediction accu-
racy of the model was verified by randomly
selecting two patients.

Statistical analysis

Data processing and analysis were performed
using SPSS 26.0 and R software. First, a chi-
square test was performed on the baseline
data (count data) between different groups.
Cox regression analyses were used to identify
prognostic factors affecting progression to
CRPC in the training group. K-M survival curves
were used to demonstrate the value of differ-
ent prognostic factors, and differences in the
survival distributions were compared by Log-
rank tests. A Nomogram model was construct-
ed based on the prognostic factors screened by
Cox regression analysis. The accuracy of the
model in predicting progression to CRPC in
patients with HTB bone metastases PCa at 1
and 2 years was analyzed using time-depen-
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dent ROC curves, and the discriminative power,
calibration, and clinical practical value of the
model were assessed by DCA and calibration
curves. Internal validation was performed using
the Bootstrap method to ensure the stability
and reliability of the model. Meanwhile, exter-
nal validation was carried out using data from
validation group. The predictive performance of
the model was further confirmed by time-
dependent ROC curves, DCA, and calibration
curves. P<0.05 was considered statistically
significant.

Results
Baseline data

Based on the data collected, patients were
divided into validation and training groups in a
7:3 ratio. Further comparison of baseline data
found no statistical inter-group differences in
age, BMI, ethnicity, marital status, education
level, family history of cancer, intraductal carci-
noma of the prostate, NI, hypertension, dia-
betes mellitus, T-staging, N-staging, Gleason
score, initial PSA, testosterone, HGB, ALP, LDH,
and ALB (all P>0.05, Table 1), indicating that
the two groups were comparable.

Prognostic factors affecting the progression to
CRPC

Cox regression analysis was performed in the
training group to identify the prognostic factors
affecting the progression of PCa patients with
HTB and osseous metastasis to CRPC. NI
(P<0.001, HR: 2.371, 95% Cl: 1.569-3.582),
Gleason score (P=0.002, HR: 1.787, 95% CI:
1.241-2.573), initial PSA (P=0.004, HR: 1.677,
95% Cl: 1.174-2.396), and LDH (P<0.001, HR:
2.729, 95% CI: 1.855-4.014) were identified
as prognostic factors leading to the progres-
sion of PCa patients with HTB and osseous
metastasis to CRPC (Table 2 and Figure 2).

Construction of a Nomogram model for the
progression to CRPC in PCa patients with HTB
and osseous metastases

A Nomogram model was constructed based on
the prognostic factors screened by Cox regres-
sion in the training group. As shown by the
Nomogram, LDH had the strongest effect on
the progression to CRPC, followed by NI, Gle-
ason score, and initial PSA (Figure 3A). ROC
curves, DCA, and calibration curves were used

Am J Cancer Res 2024;14(9):4459-4471



A nomogram model for predicting castration-resistant prostate cancer

Table 1. Comparison of baseline data between the two groups

Validation group

Training group

Variables (n=75) (n=178) X2 P

Age (years old)
>65 24 64 0.364 0.546
<65 51 114

Body mass index
>25 kg/m? 17 29 1.441 0.230
<25 kg/m? 58 149

Ethnicity
Han 61 129 2.216 0.137
Others 14 49

Marital status
Married 71 171 0.249 0.618
Divorced 4 7

Educational level
> High school 48 112 0.026 0.871
< High school 27 66

Family history of cancer
With 4 14 0.512 0.474
Without 71 164

Intraductal carcinoma of the prostate
With 8 20 0.017 0.895
Without 67 158

Neural invasion
With 45 121 1.488 0.222
Without 30 57

Hypertension
With 35 93 0.657 0.417
Without 40 85

Diabetes mellitus
With 26 45 2.303 0.129
Without 49 133

T-staging
T4 51 118 0.069 0.792
Below T4 24 60

N-staging
N1 45 116 0.609 0.435
NO 30 62

Gleason score
<8 52 110 1.301 0.254
>8 23 68

Initial PSA (ng/mL)
>182.76 27 62 0.032 0.859
<182.76 48 116

Testosterone (nmol/L)
>21.59 26 61 0.004 0.952
<21.59 49 117
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HGB (g/L)
>103
<103

ALP (U/L)
>185.7
<185.7

LDH (U/L)
>237.05
<237.05

ALB (g/L)
>48
<48

67

13

62

21
54

10
65

153 0.531 0.466
25
24 0.626 0.429
154
48 0.028 0.866
130
32 0.822 0.365
146

Note: PSA: Prostate-specific antigen, HGB: Hemoglobin, ALP: Alkaline phosphatase, LDH: Lactate dehydrogenase, ALB: Albu-

min.

Table 2. Analysis of prognostic factors

Factor P HR 95% Cl P HR 95% Cl
Age (years old) 0.809 1.044 0.736-1.481

Body mass index 0.519 0.86 0.545-1.358

Ethnicity 0.079 1.422 0.96-2.105

Marital status 0.749 1.157 0.473-2.826

Educational level 0.645 0.922 0.653-1.302

Family history of cancer 0.514 1.228 0.663-2.275

Intraductal carcinoma of the prostate 0.833 1.06 0.619-1.813

Neural invasion <0.001 2.309 1.54-3.462 <0.001 2.371 1.569-3.582
Hypertension 0.240 1.224 0.873-1.716

Diabetes mellitus 0.903 0.976 0.66-1.444

T-staging 0.372 1.179 0.821-1.692

N-staging 0.245 1.236 0.865-1.766

Gleason score 0.009 1.592 1.121-2.261 0.002 1.787 1.241-2.573
Initial PSA 0.001 1.777 1.256-2.515 0.004 1.677 1.174-2.396
Testosterone 0.123 0.751 0.522-1.081

HGB 0.467 1.197 0.737-1.944

ALP 0.345 1.251 0.786-1.993

LDH <0.001 2.57 1.785-3.7 <0.001 2.729 1.855-4.014
ALB 0.294 1.257 0.82-1.928

Note: PSA: Prostate-specific antigen, HGB: Hemoglobin, ALP: Alkaline phosphatase, LDH: Lactate dehydrogenase, ALB: Albu-

min.

to evaluate the discrimination, calibration, and
clinical practical value of the model. According
to time-dependent ROC curve analysis, the risk
score in predicting the progression of HTB os-
seous metastasis PCa patients to CRPC was
0.81 and 0.76 at 1 and 2 years, respectively,
indicating certain accuracy of the model in pre-
dicting the progression to CRPC (Figure 3B).
DCA indicated that for the 1-year (Figure 3C)
and 2-year (Figure 3D) risk prediction, this
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Nomogram model showed higher net benefits
compared to the scenario where all patient
prognoses were assumed positive, demon-
strating the potential practical value of the
model in clinical decision support, highlighting
the model’s potential clinical utility. Further-
more, the calibration curve (Figure 3E) reveal-
ed that the 1-year and 2-year progression prob-
ability predicted by the Nomogram was in good
agreement with the actual observed progres-
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Figure 2. Cox regression analysis and curves of prognostic factors for disease progression. A. K-M curve analysis of neural invasion; B. K-M curve analysis of Glea-
son score; C. K-M curve analysis of initial PSA; D. K-M curve analysis of LDH. Note: K-M: Kaplan-Meier, PSA: Prostate-specific antigen, LDH: Lactate dehydrogenase.
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Figure 3. Nomogram model construction and internal validation. A. Nomogram for predicting the progression to
CRPC in patients with osseous metastatic PCa and HTB; B. ROC analysis for Nomogram in predicting the 1-year and
2-year risk of progression to CRPC in patients with HTB and osseous metastatic PCa; C. Decision curve analysis for
Nomogram in predicting 1-year risk of progression to CRPC in patients HTB and osseous metastatic PCa; D. Decision
curve analysis for evaluating the 2-year risk of progression to CRPC in patients with HTB and osseous metastatic
PCa; E. Calibrated curves of the Nomogram model for predicting the probability of progression to CRPC at 1 and 2
years versus the actual observed progression probability in patients with high-tumor burden and bone metastatic
PCa. Note: PCa: Prostate cancer, HTB: high tumor burden, CRPC: castration-resistant prostate cancer, DCA: decision
curve analysis.

sion probability at multiple prediction points, nosis for all patients was assumed, the Nomo-
demonstrating that the model has good predic- gram provided better decision support (Figure
tive accuracy and reliability. 4B, 4C). The calibration curve also confirmed
that the predicted progression probability by
External validation of the Nomogram for the model matched well with the observed pro-
progression to CRPC in patients with PCa with gression probability, demonstrating the mod-
HTB osseous metastases el's accuracy and reliability (Figure 4D). These
validation results underscore the practical
External validation of the Nomogram for pre- value of the Nomogram as a clinical tool in
dicting progression to CRPC in patients with improving the management and treatment
HTB and osseous metastases showed favor- strategies of PCa patients with HTB and osse-
able predictive accuracy. According to time- ous metastases.
dependent ROC curve analysis, the AUC values
of the model for predicting progression to CRPC Case analysis
at 1 year and 2 years were 0.81 and 0.76,
respectively, indicating the reliable predictive We randomly selected two patients for detailed
power of the model for short-term disease pro- case analysis. Patient 1 progressed to castra-
gression (Figure 4A). DCA revealed a high net tion-resistant prostate cancer (CRPC) in 278
benefit of prediction by the model, especially in days, while Patient 2 progressed in 671 days.
l-year and 2-year risk prediction; moreover, Computationally, we found that Patient 1
compared to a scenario where a positive prog- scored 294.5 points, with an 11% chance of
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Figure 4. External validation of the Nomogram model for progression to CRPC in patients with osseous metastatic PCa and high tumor burden (HTB). A. ROC curve
analysis for Nomogram in predicting 1-year and 2-year risk of progression to CRPC in patients with osseous metastatic PCa and HTB using validation group data; B.
Decision curve analysis for Nomogram in predicting the 1-year risk of progression to CRPC in patients with HTB and osseous metastatic PCa using validation group
data; C. Decision curve analysis for Nomogram in predicting the 2-year risk of progression to CRPC in patients with HTB and osseous metastatic PCa using valida-
tion group data; D. Calibration curve of the Nomogram model to predict the 1-year and 2-year progression probability to CRPC in patients with HTB and osseous
metastatic PCa. Note: PCa: Prostate cancer, HTB: high tumor burden, CRPC: castration-resistant prostate cancer, DCA: decision curve analysis.
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Table 3. Information of two selected patients

Variables Basic information of patient 1 Score Basic information of patients 2  Score
Neural invasion With 86 Without 0
Gleason score >8 57.5 <8 0
Initial PSA (ng/mL) 189.05 51 189.23 51
LDH (U/L) 240.39 100 177.3 0
Total score 294.5 51

1-year progression 11% 85%

2-year progression 0% 53%

Note: LDH: Lactate dehydrogenase.

progression to CRPC within 1 year and 0% with-
in 2 years, while the Patient 2 scored 51 points,
with an 85% chance of progression to CRPC
within 1 year and 53% progression within 2
years (Table 3).

Discussion

Prostate cancer (PCa) is one of the most com-
mon malignancies in elderly men. Localized
PCa can be treated by radical prostatectomy or
radiotherapy, which usually contributes to a
good survival rate and favorable patient out-
comes [14]. In China, the proportion of patients
with advanced PCa is high, especially those
with HTB and osseous metastases associated
with adverse prognoses, imposing a heavy psy-
chological and economic burden on patients
and their families [15]. Therefore, it is crucial to
establish a model that can predict the progres-
sion of PCa to CRPC in patients with HTB and
osseous metastases.

Our retrospective analysis identified NI, Glea-
son score, initial PSA, and LDH as important
prognostic factors affecting the progression of
HTB and osseous metastatic PCa to CRPC. The
statistical significance and clinical correlation
analysis of these factors offer insights into the
mechanism of disease progression and assist
clinicians in making more accurate treatment
decisions. NI, as an important factor for a bleak
prognosis, may be linked to the biological be-
havior of tumor cell distant metastases through
neural pathways in patients with HTB and osse-
ous metastatic PCa [16]. The invasion of tumor
cells along nerve bundles may accelerate dis-
ease spread to other organs, hastening pro-
gression to CRPC [17]. Besides, NI may interact
with the tumor microenvironment, where nerve
growth factors and signaling molecules may
promote tumor cell proliferation and survival.
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Studies have shown that tumors with NI fea-
tures exhibit higher invasiveness and local ex-
pansion risks, potentially increasing the risk of
postoperative positive surgical margins and
thereby affecting patient prognosis and treat-
ment choices [16]. In addition, the presence of
tumor and perineural invasion has been identi-
fied as an independent risk factor for biochemi-
cal recurrence [18, 19]. Therefore, the detec-
tion of NI is crucial for evaluating patient
outcomes and formulating treatment strate-
gies.

Patients with high Gleason scores often exhibit
characteristics such as low tumor cell differen-
tiation, high tumor heterogeneity, and rapid
tumor growth rate, all of which contribute to
increased resistance to hormone therapy, ac-
celerating the transition to CRPC [20]. Tumors
with high Gleason scores may have stronger
invasiveness and metastatic potentials, as well
as higher angiogenesis and microvascular den-
sity, which may promote tumor growth and
spread [21]. A report shows that patients with
Gleason scores <8 benefit less from androgen
deprivation therapy than those with Gleason
scores >8 [22]. Additionally, Meynard et al.
[23] found that localized PCa patients with a
Gleason score >7 who received iodine particles
had a worse prognosis. Therefore, the Gleason
score is not only an important index to evaluate
the biological characteristics of tumors, but
also a key factor in predicting disease pro-
gression.

The initial PSA level reflects the tumor’s biolo-
gical activity and tumor burden of PCa at the
initial diagnosis. A higher initial PSA level may
imply a wider tumor cell distribution and higher
tumor activity, which may lead to increased
resistance to initial treatment, increasing the
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risk of progression to CRPC [24]. Fujita et al.
[25] proposed that an initial PSA 2500 ng/mL
and a Gleason score =8 were prognostic fac-
tors affecting overall survival (OS) in patients
with metastatic CRPC. Kodama et al. [26] found
that initial PSA <100 ng/mL had a significant
impact on the post-CRPC OS, and that PSA
<100 ng/mL may be an adverse prognostic fac-
tor in mCNPC patients after developing CRPC.
These studies suggest that the initial PSA level
is related to the sensitivity of tumor cells to
androgens, and high levels of PSA may indicate
poor response of tumors to androgen depriva-
tion therapy, requiring early consideration of
the use of novel endocrine therapies or che-
motherapy.

An increase in LDH, an indicator of cellular
metabolism, in patients with HTB and osseous
metastatic PCa may be indicative of hightened
metabolic activity and rapid proliferation of
tumor cells [27]. Elevated LDH levels are as-
sociated with enhanced glycolytic pathway of
tumor cells, providing the energy and biosyn-
thetic precursors required for rapid tumor cell
growth [28]. The elevation of LDH may reflect
inflammatory reactions and tissue destruc-
tion within the tumor microenvironment, which
together enhance tumor invasiveness and me-
tastasis, thereby accelerating disease progres-
sion. Katharina et al. [29] showed that LDH lev-
els were related to PSMA mRNA expression and
tumor volume in patients with metastatic CRPC.
A recent report by Pisano et al. [30] suggests
that elevated LDH levels are a poor prognostic
indicator in patients with HTB and osseous
metastatic PCa, closely related to shorter pro-
gression-free survival and OS. LDH, as an inde-
pendent prognostic factor, reflects the high
metabolic activity and rapid proliferation of
tumors, aiding in the identification of patients
who may benefit from early docetaxel treat-
ment. This study identified NI, Gleason score,
initial PSA, and LDH as important prognostic
factors for progression to CRPC in patients with
HTB and osseous metastatic PCa, providing
valuable insights for physicians to assess the
risk of disease progression and formulate treat-
ment strategies.

To translate the identified factors into clinical
practice, we constructed a comprehensive pre-
diction model designed to provide clinicians
with a tool to more accurately predict the risk of
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progression to CRPC in patients with HTB and
osseous metastatic PCa. By combining key
prognostic factors such as NI, Gleason score,
initial PSA, and LDH, this model can provide a
personalized risk assessment for each patient,
thus assisting physicians in developing more
accurate treatment plans. Developed using
extensive clinical data and rigorous statistical
analysis, the model ensures high applicability
and accuracy across diverse patient popula-
tions. Through internal and external validation,
the model has demonstrated good predictive
performance and provides a powerful decision-
support tool for doctors in clinical practice.

Limitations of this study include the small sam-
ple size that may affect the generalizability of
the results, the retrospective design that may
bias data collection, the singularity of the data
source that may limit the broad applicability of
the results, and the relatively short follow-up
time that may not be sufficient to comprehen-
sively assess long-term prognosis. In view of
these limitations, future research should con-
sider conducting prospective, multicenter clini-
cal trials in a larger patient population and
extending follow-up time to more accurately
evaluate long-term treatment efficacy and pa-
tient prognosis. Meanwhile, more clinical and
biological parameters, such as molecular bio-
markers, should be explored to improve the
accuracy and clinical application value of the
prediction model.

Conclusion

In summary, this study successfully construct-
ed a Nomogram model to predict the progres-
sion to CRPC in patients with HTB and osse-
ous metastatic PCa. The model identified NI,
Gleason score, initial PSA, and LDH as the key
prognostic factors. With demonstrated predic-
tive efficiency, the model provides valuable
support for clinical decision-making in manag-
ing patients with HTB and osseous metastatic
PCa.
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