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Background: Management of localized prostate cancer (PCa) remains

challenging in resource-limited settings where access to surgery and

radiotherapy is restricted. This study assessed the survival outcomes of patients

receiving androgen deprivation therapy (ADT) alone compared with

other modalities.

Methods: We retrospectively analyzed patients with localized PCa treated with

ADT at Taiyuan Central Hospital of Shanxi Medical University from 2002 to 2023.

Cox regression identified prognostic factors for overall survival (OS), disease-

specific survival (DSS), and progression-free survival (PFS). Outcomes were

compared with SEER database cohorts receiving radical prostatectomy (RP),

radiotherapy (RT), or no treatment. Propensity score matching (PSM) was used to

balance baseline characteristics.

Results: Among 86 patients in the ADT cohort, the median follow-up was 2,152.5

days. Median OS was 2,378 days, with 5-year OS, DSS, and PFS rates of 58.4%,

85.2%, and 72.5%, respectively. Cox analysis identified prostate-specific antigen,

ISUP grade, and body mass index as independent predictors of PFS. After PSM for

age and ISUP grade, the ADT group showed significantly better OS and DSS than

RP, RT, or no treatment cohorts in the SEER database.

Conclusions: ADT demonstrated favorable survival outcomes compared with RP

and RT in elderly patients with high-grade localized PCa. These results highlight

ADT as a potential alternative where invasive options are less feasible, providing

insights into optimizing treatment strategies for resource-limited settings.
KEYWORDS

androgen deprivation therapy, prostate cancer, survival, Cox proportional hazards
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1 Introduction

Prostate cancer (PCa) is the second most common malignancy

in men globally. According to data from the International Agency

for Research on Cancer (IARC), the annual incidence of prostate

cancer is rising worldwide, with a particularly high prevalence

in developed countries (1). Although the incidence of PCa is

relatively low in developing countries, the rate of diagnosis is

increasing owing to lifestyle changes and advancements in

medical technology (2, 3).

The most commonly used pathological grading systems for PCa

are the Gleason score and the International Society of Urological

Pathology (ISUP) grade (4). Staging is typically performed using the

tumor, node, and metastasis (TNM) classification system, which

categorizes PCa into three primary stages based on tumor

progression: localized (T1-2N0M0), locally advanced (T3-4N0M0 or

TXN1M0), and metastatic (TXNXM1) (5). Radical prostatectomy

(RP) is generally recommended as the primary treatment for

localized PCa (6). However, in developing countries, limited

healthcare resources and economic constraints pose significant

challenges for treatment choices (7). Consequently, androgen

deprivation therapy (ADT) has been becoming a widely used

treatment modality in these regions (8, 9).

Despite its extensive use, there is a relative scarcity of

comparative studies on the efficacy and survival outcomes of

ADT in patients with localized PCa in developing countries (8).

This study aimed to analyze the survival outcomes of patients with

localized PCa who underwent ADT at Taiyuan Central Hospital of

Shanxi Medical University (Peking University First Hospital

Taiyuan Hospital) from June 2002 to August 2023. This analysis

will be contrasted with treatment data from the Surveillance,

Epidemiology, and End Results Program (SEER) database, which

includes a large cohort of patients from the United States. The

objective of this study was to evaluate the efficacy, safety, and

survival benefits of ADT in these specific patient populations and to

provide a scientific basis for treatment strategies.
2 Methods

2.1 General data

This study retrospectively collected data from patients

diagnosed with primary PCa who were treated with ADT at

Taiyuan Central Hospital of Shanxi Medical University between

June 2002 and August 2023, with follow-up periods exceeding one

year, forming the ADT cohort. The inclusion criteria were

as follows:
Fron
1. diagnosis of PCa based on biopsy, or postoperative

pathology after transurethral resect ion of the

prostate (TURP)
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2. confirmation of localized PCa through radiological

examination, such as

3. Positron Emission Tomography-Computed Tomography

(PET-CT)

4. patients who underwent regular ADT

5. complete medical records; and

6. comprehensive follow-up data.
Exclusion criteria included:
1. patients diagnosed with other types of prostate tumors,

2. unclear Gleason score in pathology,

3. evidence of distant metastasis on radiological examination,

4. receiving other treatments such as RP, chemotherapy,

radiotherapy (RT), or other therapies;

5. patients who refused ADT or discontinued treatment

prematurely; and

6. loss to follow-up or follow-up duration of less than one year.

Data from the SEER database for patients with primary

localized PCa (ICD-O: 8140/3, PRIMARY SITE = C61.9)

who received other treatments or no treatment were used as

control cohorts. To ensure temporal consistency across

cohorts, we specified the study periods for each group.

The ADT cohort from our institution included patients

diagnosed between 2002 and 2023, whereas the SEER

database initially comprised more than one million cases

from 2000 to 2021. After applying inclusion and exclusion

criteria, the final analytical cohort contained 293,397

patients diagnosed between 2010 and 2021. Propensity

score matching further yielded 258 patients (86 in each of

the RP, RT, and non-treatment groups) within the same

2010–2021 timeframe. This period corresponds to the era

following the widespread adoption of robotic-assisted

radical prostatectomy, ensuring that surgical outcomes

reflect modern operative techniques.
The inclusion and exclusion criteria were similar to those of the

ADT cohort: Inclusion criteria were.
1. primary localized PCa;

2. complete treatment information;

3. comprehensive follow-up data.
The exclusion criteria were.
1. non-primary prostate tumors,

2. incomplete pathological information or unclear

Gleason score,

3. locally advanced or metastatic PCa,

4. incomplete treatment information or concurrent multiple

therapies, and

5. loss to follow-up or follow-up duration of less than one

year (Figure 1).
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2.2 Research methods

This study analyzed the survival outcomes of patients with

malignant prostate tumors based on their baseline characteristics,

laboratory results, pathological findings, and treatment regimens.

Key factors included age, PSA, fPSA, Gleason score, ISUP grade,

BMI, previous history (such as hypertension, diabetes mellitus,

coronary artery disease, and cerebral infarction), daily habits

(such as current smoking and drinking), and ADT details. ADT

modalities encompassed bilateral orchiectomy, Luteinizing

Hormone-Releasing Hormone agonists (LHRHa) (Leuprorelin,

Goserelin), and Non-Steroidal Anti-Androgen (NSAA)

(Bicalutamide, Apalutamide, Enzalutamide, Darolutamide).

Overall survival (OS) was defined as the period from diagnosis

to death or the last follow-up, with death as the event. Disease-

specific survival (DSS) was defined as the period from diagnosis to

death due to PCa or last follow-up. Progression-free survival (PFS)

was defined as the interval from the start of treatment to disease

progression (including radiographic or PSA progression, advancing

to castration-resistant prostate cancer) or death.
Frontiers in Oncology 03
2.3 Statistical methods

Data analysis was conducted using R 4.3.2 (R Foundation for

Statistical Computing, Vienna, Austria). Continuous variables

following a normal distribution were expressed as mean ± SD and

compared between groups using an independent sample t-test; non-

normally distributed continuous variables were presented as

median (interquartile range) and compared using the rank-sum

test. Categorical variables were expressed as frequencies and

percentages (%) and compared using Pearson’s c2 test or Fisher’s

exact test, depending on the minimum expected cell counts. The

“survival” package was used for univariate Cox proportional

hazards regression analysis to identify factors affecting OS, DSS,

and PFS in patients undergoing ADT. Kaplan–Meier (KM) curves

and Log-rank tests were used to compare OS and DSS between

different treatments. Propensity score matching (PSM) was

conducted using the “MatchIt” package based on age and ISUP

grade, followed by KM curve comparison and Log-rank tests to

more accurately evaluate differences in OS and DSS between

different treatments. Statistical significance was set at P < 0.05.
FIGURE 1

Study flowchart.
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3 Results

3.1 General characteristics

A total of 86 patients who underwent ADT were included in this

study, all of whom completed the full follow-up. The median follow-

up duration was 2,152.5 days [1,176.75, 3,540.25], with the longest

follow-up duration lasting 5,045 days. The baseline characteristics of

the patients are summarized in Table 1. At the time of initial
Frontiers in Oncology 04
diagnosis, the median age was 76.00 years. The distribution of

ISUP grades was as follows: Grade 1 in 22 patients (25.6%), Grade

2 in 21 patients (24.4%), Grade 3 in 9 patients (10.5%), Grade 4 in 17

patients (19.8%), and Grade 5 in 17 patients (19.8%). All patients

received one or more forms of ADT, with 73 patients (84.9%)

receiving NSAA therapy (including Bicalutamide, Apalutamide,

Enzalutamide and Darolutamide), and 66 patients (76.7%) opted

for LHRHa therapy (including Leuprorelin and Goserelin). In

addition, 20 patients (23.3%) underwent bilateral orchiectomy.
TABLE 1 Baseline characteristics of ADT cohort.

Variables
Total
cohort
(n=86)

Overall survival

t/Z/c2 P

Disease-specific survival

t/Z/c2 PDead
(n=43)

Alive
(n=43)

Died due to PCa
(n=9)

Others
(n=77)

Age 76.0[72.0,80.0] 78.0[72.5,80.5] 76.0[71.0,80.0] 1.36 0.175 74.0[72.0,78.0] 77.0[72.0,80.0] 0.712 0.48

BMI 23.64(± 3.75) 23.40(± 4.18) 23.88(± 3.30) 0.584 0.561 23.13(± 3.58) 23.70(± 3.79) 0.428 0.67

PSA
35.40

[12.90,81.28]
49.40

[18.30,83.44]
23.57

[8.33,60.06]
1.645 0.101 83.5[67.03,107.0]

29.30
[12.30,59.60]

1.905 0.058

fPSA 4.21[1.93,14.61]
8.79

[2.79,19.90]
4.21

[1.60,10.36]
1.188 0.237 13.44[9.84,21.80] 4.11[1.74,13.25] 2.271 0.024

Gleason 4.445 0.617 7.09 0.313

3 + 3 22(25.6) 12(54.5) 10(45.5) 1(4.5) 21(95.5)

3 + 4 21(24.4) 11(52.4) 10(47.6) 1(4.8) 20(95.2)

4 + 3 9(10.5) 6(66.7) 3(33.3) 1(11.1) 8(88.9)

4 + 4 17(19.8) 5(29.4) 12(70.6) 2(11.8) 15(88.2)

4 + 5 12(14.0) 6(50.0) 6(50.0) 2(16.7) 10(83.3)

5 + 4 2(2.3) 1(50.0) 1(50.0) 1(50.0) 1(50.0)

5 + 5 3(3.5) 2(66.7) 1(33.3) 1(33.3) 2(66.7)

ISUP 4.171 0.383 4.683 0.321

1 22(25.6) 12(54.5) 10(45.5) 1(4.5) 21(95.5)

2 21(24.4) 11(52.4) 10(47.6) 1(4.8) 20(95.2)

3 9(10.5) 6(66.7) 3(33.3) 1(11.1) 8(88.9)

4 17(19.8) 5(29.4) 12(70.6) 2(11.8) 15(88.2)

5 17(19.8) 9(52.9) 8(47.1) 4(23.5) 13(76.5)

Orchiectomy 16.679 <0.001 0.115 0.734

No 66(76.7) 25(37.9) 41(62.1) 6(9.1) 60(90.9)

Yes 20(23.3) 18(90.0) 2(10.0) 3(15.0) 17(85.0)

NSAA 7.34 0.007 0.001 0.999

No 13(15.1) 11(84.6) 2(15.4) 1(7.7) 12(92.3)

Yes 73(84.9) 32(43.8) 41(56.2) 8(11.0) 65(89.0)

LHRHa 9.382 0.002 0.001 0.999

No 20(23.3) 16(80.0) 4(20.0) 2(10.0) 18(90.0)

(Continued)
frontier
sin.org

https://doi.org/10.3389/fonc.2025.1708823
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2025.1708823
The median OS was 2,378.0 days, with 1-, 3-, 5-, and 10-year OS

rates of 93.00%, 76.00%, 58.40%, and 27.30%, respectively. The DSS

rates at 1, 3, 5, and 10 years were 98.80%, 95.70%, 85.20%, and

76.70%, respectively. The PFS rates at 1, 3, 5, and 10 years were

93.90%, 83.40%, 72.50%, and 65.00%, respectively.
3.2 Univariate Cox proportional-hazards
regression analysis

Univariate Cox proportional hazards regression analysis

indicated that none of the factors significantly affected the OS of

patients receiving ADT. However, age (HR: 1.053, 95% CI: 0.999-

1.110, P = 0.056), current smoking status (HR: 1.823, 95% CI: 0.951-

3.492, P = 0.070), and current alcohol status (HR: 1.920, 95% CI:

0.927-3.975, P = 0.079) exhibited potential influences on OS

(Figures 2A, B). While none of the factors showed statistically

significant effects on DSS, the ISUP grade (HR: 9.037, 95% CI:

0.997-81.928, P = 0.050) demonstrated a slight impact (Figures 2C,

D). The following factors were found to influence PFS: PSA (HR:

1.006, 95% CI: 1.001-1.011, P = 0.021), ISUP grade (HR: 8.047, 95%
Frontiers in Oncology 05
CI: 1.646-39.345, P = 0.010), and body mass index (BMI) (HR:

0.856, 95% CI: 0.745-0.983, P = 0.028) (Figures 2E, F).
3.3 Comparison of treatment modalities

Data were extracted from the SEER database, including patients

with localized PCa who underwent RP or RT, and those who did not

receive any treatment. These data were compared with those a of

cohort of patients treated with ADT in this study (Table 2). The Log-

rank test revealed that the OS of patients treated with RP significantly

surpassed that of the other three cohorts (Figures 3A, B).

Notably, there were significant differences in age and ISUP

grade between the ADT cohort and the other three cohorts. To

enhance the scientific rigor of the statistics, PSM was performed

based on the age and ISUP grade.

Following PSM, Log-rank tests indicated that both OS and DSS

in the ADT cohort were superior to those in the other three groups.

This suggests that, under comparable age and pathological stage

conditions, the therapeutic efficacy of ADT appears to be greater

than that of RP and RT (Figures 3C, D).
TABLE 1 Continued

Variables

Total
cohort
(n=86)

Overall survival

t/Z/c2 P

Disease-specific survival

t/Z/c2 PDead
(n=43)

Alive
(n=43)

Died due to PCa
(n=9)

Others
(n=77)

Yes 66(76.7) 27(40.9) 39(59.1) 7(10.6) 59(89.4)

Hypertension 0.047 0.829 0.001 0.999

No 45(52.3) 22(48.9) 23(51.1) 5(11.1) 40(88.9)

Yes 41(47.7) 21(51.2) 20(48.8) 4(9.8) 37(90.2)

Diabetes mellitus 1.229 0.268 1.13 0.288

No 70(81.4) 37(52.9) 33(47.1) 9(12.9) 61(87.1)

Yes 16(18.6) 6(37.5) 10(62.5) 0(0.0) 16(100.0)

Coronary artery disease 0.104 0.747 0.472 0.492

No 75(87.2) 37(49.3) 38(50.7) 9(12.0) 66(88.0)

Yes 11(12.8) 6(54.5) 5(45.5) 0(0.0) 11(100.0)

Cerebral infarction 0.081 0.776 0.001 0.999

No 71(82.6) 35(49.3) 36(50.7) 7(9.9) 64(90.1)

Yes 15(17.4) 8(53.3) 7(46.7) 2(13.3) 13(86.7)

Current smoker 0.049 0.825 0.001 0.999

No 53(61.6) 26(49.1) 27(50.9) 6(11.3) 47(88.7)

Yes 33(38.4) 17(51.5) 16(48.5) 3(9.1) 30(90.9)

Current drinker 0.001 0.999 0.42 0.517

No 64(74.4) 32(50.0) 32(50.0) 8(12.5) 56(87.5)

Yes 22(25.6) 11(50.0) 11(50.0) 1(4.5) 21(95.5)
frontier
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4 Discussion

PCa is the most common malignancy of the male genitourinary

system. According to the World Health Organization ’s

GLOBOCAN 2020 statistics, PCa is the second most prevalent
Frontiers in Oncology 06
cancer among men worldwide, after lung cancer (1, 10). The

incidence of PCa varies significantly by region and ethnicity, with

rates in developed countries being three times higher than in

developing countries (11–13). China, a typical developing nation,

has traditionally had lower incidence and mortality rates of PCa
FIGURE 2

Survival analysis in the ADT cohort. (A) Forest plot of OS; (B) KM curves of OS based on ISUP grade; (C) Forest plot of DSS; (D) KM curves of DSS
based on ISUP grade; (E) Forest plot of PFS; (F) KM curves of PFS based on ISUP grade.
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TABLE 2 Baseline characteristics of SEER database.

Variables
Total cohort in SEER

(n=294514)
Total cohort

(after PSM) (n=258)

Classified by treatment
(after PSM)

RP (n=86) RT (n=86) None (n=86)

Age 66.0[60.0,71.0] 75.0[70.0,80.0] 76.0[71.3,80.0] 76.0[70.0,80.0] 73.0[65.5,80.0]

Gleason

3 + 3 118789(40.5) 66(25.6) 22(25.6) 22(25.6) 22(25.6)

3 + 4 94869(32.3) 63(24.4) 21(24.4) 21(24.4) 21(24.4)

4 + 3 1705(0.6) 1(0.4) 1(1.2) 0(0.0) 0(0.0)

3 + 5 39839(13.6) 27(10.5) 9(10.5) 9(10.5) 9(10.5)

4 + 4 21221(7.2) 49(19.0) 15(17.4) 17(19.8) 17(19.8)

5 + 3 9407(3.2) 15(5.8) 12(14.0) 2(2.3) 1(1.2)

4 + 5 436(0.1) 1(0.4) 1(1.2) 0(0.0) 0(0.0)

5 + 4 6141(2.1) 36(14.0) 5(5.8) 15(17.4) 16(18.6)

5 + 5 990(0.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

ISUP

1 118789(40.5) 66(25.6) 22(25.6) 22(25.6) 22(25.6)

2 94869(32.3) 63(24.4) 21(24.4) 21(24.4) 21(24.4)

3 39839(13.6) 27(10.5) 9(10.5) 9(10.5) 9(10.5)

4 23362(8.0) 51(19.8) 17(19.8) 17(19.8) 17(19.8)

5 16538(5.6) 51(19.8) 17(19.8) 17(19.8) 17(19.8)

PSA 6.4[4.8,9.6] 8.4[5.6,15.4] 6.3[3.2,8.6] 9.8[6.7,15.9] 10.2[7.1,26.7]

T stage

1a 5506(1.9) 7(2.7) 1(1.2) 2(2.3) 4(4.7)

1b 1692(0.6) 3(1.2) 1(1.2) 0(0.0) 2(2.3)

1c 143514(48.9) 90(34.9) 1(1.2) 41(47.7) 48(55.8)

2a 45569(15.5) 83(32.2) 24(27.9) 31(36.0) 28(32.6)

2b 32568(11.1) 21(8.1) 12(14.0) 8(9.3) 1(1.2)

2c 64548(22.0) 54(20.9) 47(54.7) 4(4.7) 3(3.5)

Surgery

No 208024(70.9) 172(66.7) 0(0.0) 86(100.0) 86(100.0)

Yes 85373(29.1) 86(33.3) 86(100.0) 0(0.0) 0(0.0)

Radiotherapy

No 185129(63.1) 172(66.7) 86(100.0) 0(0.0) 86(100.0)

Yes 108268(36.9) 86(33.3) 0(0.0) 86(100.0) 0(0.0)

Residence

Rural 34350(11.7) 72(27.9) 15(17.4) 28(32.6) 29(33.7)

Urban 259047(88.3) 186(72.1) 71(82.6) 58(67.4) 57(66.3)
F
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(14). However, in recent years, there has been a notable increase in

these rates owing to the widespread adoption of screening and

advances in medical technology (15, 16).

Surgery is the preferred treatment for non-metastatic PCa, with

RP being highly recommended for localized cases (6, 17).

Additionally, the proportion of patients opting for RT, such as

permanent seed implantation, has been steadily increasing (18).

Given that PCa cells are highly sensitive to androgens, which

regulate cell proliferation and survival through androgen

receptors, ADT has garnered increasing attention as a potential

treatment modality for PCa (19).

However, ADT is rarely recommended as a standalone treatment

for localized PCa. It is typically used as an adjunct to RT and salvage

RT, or as a treatment for locally advanced or metastatic PCa (20–23).

In developing countries, where economic and healthcare resources

are limited, patients and their families may have reservations about
Frontiers in Oncology 08
invasive treatments, such as surgery (16). Additionally, patients in

these regions are often diagnosed at an older age with higher Gleason

scores and ISUP grades, which reduces their tolerance to surgical

interventions. Consequently, elderly patients with localized PCa may

consider ADT an alternative treatment option.

This study analyzed the survival outcomes of patients with

localized PCa treated exclusively with ADT. The results showed no

statistically significant impact of the various factors on OS or DSS.

However, certain adverse lifestyle factors, such as smoking and alcohol

consumption, may potentially influence OS. Furthermore, PSA level,

ISUP grade, and BMI were found to have a significant impact on PFS.

PSA is a protein secreted by prostate epithelial cells, and its

levels increase as PCa progresses, particularly with higher Gleason

grades, leading to the release of more PSA into the bloodstream

(24). Therefore, patients with elevated PSA levels and ISUP grades

generally have poorer prognoses (25). When BMI is within the
FIGURE 3

Survival analysis of the different cohorts. (A) OS (before PSM); (B) DSS (before PSM); (C) OS (after PSM); (D) DSS (after PSM).
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normal range, a higher BMI indicates better nutritional reserves,

which may enhance the patient’s ability to tolerate the challenges of

PCa (26). The G8 screening tool, which is widely used for predicting

PCa survival, also identifies a BMI >23 as a favorable prognostic

indicator, while a BMI <19 is considered indicative of poor

prognosis (27). The influence of adverse lifestyle factors on cancer

prognosis has been well-documented in the literature (28–30).

The study also revealed that patients in the ADT cohort from

China were significantly older at initial diagnosis than those in the

SEER database (76.00 [72.00, 80.00] vs. 66.00 [60.00, 71.00], Z = 10.096,

P<0.001), with higher Gleason scores and ISUP grades (only 50.0% of

the Chinese ADT cohort were classified as ISUP ≤2 compared with

72.8% in the SEER database; c²=52.472, P<0.001). To ensure the

scientific rigor of these comparisons, PSM was performed according

to age and ISUP grade (31). After PSM, patients in the ADT cohort

demonstrated significantly better OS and DSS than those who

underwent RP, RT, or received no treatment. It should be noted that

the seemingly superior DSS observed in the ADT cohort may be

subject to several confounding influences. First, selection bias is

inherent in retrospective designs: most patients treated with ADT

were elderly with multiple comorbidities and were more likely to die

from non–cancer-related causes, leading to an apparent improvement

in DSS. Second, patients undergoing RP or RT in the SEER database

typically received more extensive staging examinations, introducing

possible stage migration. Third, the SEER registry does not consistently

capture details of adjuvant or salvage treatments, such as postoperative

or post-radiation ADT, which might underestimate true survival

outcomes in these groups. Moreover, differences in follow-up

duration and data completeness between institutional and SEER

cohorts may have introduced residual bias. Therefore, the observed

DSS advantage with ADT should be interpreted with caution. This

improvement may be attributed to poorer tolerance in older patients

with higher ISUP grades, as well as an increased risk of mortality from

non-PCa-related diseases (32). Previous guidelines have recommended

a quality-of-life-focused approach with symptom-oriented treatment,

such as watchful waiting (WW), particularly for patients with limited

surgical tolerance (17). However, as economic conditions improve and

life expectancy increases, some patients may perceiveWW as a form of

treatment abandonment, leading to a growing preference for ADT.

This study further confirms the feasibility of ADT as a standalone

treatment option for localized PCa.

The limitations of this study include the use of the ADT cohort

from a single center in China, compared with data from the SEER

database representing U.S. patients, which may introduce some

discrepancies. To minimize these differences, PSM for age and ISUP

grade was performed before the comparison.
5 Conclusions

This study confirmed that the primary factors influencing PFS in

patients treated with ADT were the PSA level, ISUP grade, and BMI.

Survival analysis adjusted for age and ISUP through PSM

demonstrated that ADT provides superior outcomes compared to

RP and RT for elderly patients with high-stage localized PCa, offering
Frontiers in Oncology 09
better survival rates. These findings are significant for understanding

the treatment options for elderly patients with localized PCa and

provide valuable insights for PCa treatment strategies. By thoroughly

analyzing the efficacy and survival outcomes of ADT, we aimed to

improve the clinical prognosis and quality of life of these patients.
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