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Objective

This study aimed to evaluate the therapeutic efficacy and adverse effects of combining enzalutamide with docetaxel versus using docetaxel alone in treating metastatic castration-resistant prostate cancer (mCRPC) that progresses after treatment with abiraterone followed by enzalutamide.





Methods

A retrospective analysis involved 67 mCRPC patients at the First Affiliated Hospital of Soochow University’s Urology Department between October 2021 and August 2023. All experienced disease progression after treatment with abiraterone and enzalutamide. Patients were either in the study group, receiving enzalutamide and docetaxel, or in the control group, treated with docetaxel alone. Prostate-specific antigen (PSA) levels, imaging changes, and common adverse reactions were compared.





Results

The study group showed a more significant reduction in PSA levels (≥50%) and improved outcomes in bone and lymph node metastases than the control group (P < 0.05). The median PSA progression-free survival (PFS) was longer for the study group at 193 days (95% CI: 174–207) versus 127 days (95% CI: 114–160) for the control group. Similarly, the median PFS for bone metastases was 271 days (95% CI: 265–274) in the study group, compared to 185 days (95% CI: 183–265) in the control group. For lymph node metastases, PFS was 265 days (95% CI: 194–274) versus 183 days (95% CI: 180–189), respectively, all statistically significant (P < 0.05). Visual analog scale scores decreased significantly post-treatment in both groups (P < 0.05), with more pronounced pain relief in the study group; median scores were 2 (IQR, 1–3) versus 3 (IQR, 3–5; P < 0.05). No Grade 3 or higher adverse reactions occurred, although the study group had more malaise, lumbago, and backache (P < 0.05). There were no significant differences in myelosuppression, gastrointestinal issues, liver dysfunction, neurological symptoms, edema, rash, or high blood pressure between groups (P > 0.05).





Conclusion

Combining enzalutamide with docetaxel is more effective than docetaxel alone for treating mCRPC after abiraterone and enzalutamide, providing better PSA-PFS and improved metastasis outcomes, along with better pain relief. Though the combination resulted in more adverse effects, no severe reactions (Grade 3 or higher) were observed, indicating good tolerability and clinical potential.
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1 Introduction

Prostate cancer (PCa) is the second most common malignant tumor worldwide and the fifth leading cause of cancer-related deaths among men (1). Notably, it frequently metastasizes, predominantly to the bones, with approximately 90% of patients with advanced PCa experiencing bone metastases (2). Untreated metastatic PCa typically responds well to androgen deprivation therapy (ADT), also known as metastatic hormone-sensitive prostate cancer (mHSPC) (3). However, most cases eventually progress to metastatic castration-resistant prostate cancer (mCRPC), complicating treatment significantly (4). To address this, novel hormonal therapies (NHTs) have been developed (5–7). Abiraterone was the first NHT used for mCRPC and is recommended as a first-line treatment in numerous studies and guidelines with widely recognized efficacy (8–10). However, abiraterone resistance is a major clinical issue. In addition to abiraterone, enzalutamide (MDV3100) is another first-line NHT for mCRPC (8–10). Some researchers advocate the use of enzalutamide in abiraterone-resistant mCRPC, whereas others opt for docetaxel as a subsequent treatment (11). When both abiraterone and enzalutamide fail, docetaxel chemotherapy is the preferred treatment option. With advances in pharmacology and clinical applications, combinations of various NHTs with docetaxel chemotherapy have been proposed (12, 13). Recent studies have suggested considering a combination of enzalutamide and docetaxel for patients with mCRPC who progress after responding to enzalutamide, although this combined approach is not yet widely used and requires further investigation (13).

Based on this background, we included 67 mCRPC patients who progressed after effective treatment with abiraterone followed by enzalutamide. We investigated the effectiveness of subsequent treatment using enzalutamide combined with docetaxel chemotherapy versus docetaxel alone. This study aims to provide clinical insights for treatment strategies.




2 Materials and methods



2.1 Study design

This was a retrospective cohort study.




2.2 Clinical data

We retrospectively collected the clinical data of 67 patients with prostate cancer treated between October 2021 and August 2023 at the Urology Department of the First Affiliated Hospital of Soochow University. The inclusion criteria were as follows: (1) patients who underwent radical prostatectomy with postoperative pathological confirmation of malignant prostate tumors; and (2) patients initially treated with abiraterone and prednisone at the mHSPC stage progressed to mCRPC and showed progression after effective enzalutamide treatment. “Effective treatment with enzalutamide” was defined as a regimen of ADT plus oral enzalutamide 160 mg once daily, which resulted in a decrease in prostate-specific antigen (PSA) levels and/or imaging improvement. The exclusion criteria were as follows : (1) patients who did not consistently follow the treatment regimen, changed medications, discontinued treatment, or independently used other anticancer drugs; (2) patients who did not comply with regular follow-ups or had incomplete follow-up data; and (3) concurrent tumors at other sites.




2.3 Therapeutic schedule

Qualified patients were briefed on the treatment options, and subsequent therapies were chosen in consultation with the patients and their families. In addition to ADT, the study group (Group DP+MDV3100) included 38 patients who received oral enzalutamide at 160 mg once daily (continued usage) combined with docetaxel at 75 mg/m² and oral prednisone at 5 mg twice daily. This regimen was administered in 21-day cycles for eight cycles. The control group (Group DP) consisted of 29 patients treated with docetaxel at 75 mg/m² and oral prednisone at 5 mg twice daily in the same 21-day cycle regimen for eight cycles. To prevent bone degradation, patients were treated with 4 mg of zoledronic acid monthly. Patients underwent monthly tests for serum PSA, liver and kidney function, and electrolyte levels. Chest and abdominal computed tomography (CT), pelvic magnetic resonance imaging, and emission computed tomography were performed every 3 months.




2.4 Observation metrics

Patient outcomes post-treatment were evaluated through several criteria: the percentage of cases where PSA levels declined by ≥50% (the lowest PSA value recorded during the study), pain scores assessed using the Visual Analog Scale (VAS) (the lowest VAS score during the study period), and improvements observed in imaging of bone and lymph node metastases. Progression-free survival (PFS) was assessed based on PSA levels and imaging studies. The follow-up period is scheduled to be completed in December 2024. Endpoint events included PSA antigen, bone metastasis, and lymph node metastasis. Throughout the observation period, regular checks were conducted for blood counts, liver and kidney functions, and electrolyte levels. Any adverse events occurring during medication were recorded and evaluated according to the CTCAE version 5.0 grading standards, with appropriate management applied (14).




2.5 Statistical analysis

Data analysis was conducted using R version 4.2.1, leveraging the “stats [4.2.1],” “survival [3.3.1],” “survminer [0.4.9],” and “ggplot2 [3.4.4]” packages. Categorical data are represented as frequencies (%), while continuous data are shown as the mean ± standard deviation. For numerical variables, if the data met the assumptions of a normal distribution and homogeneity of variance, a t-test was used for group comparisons. If the data were normally distributed but violated the homogeneity of variance assumption, Welch’s t-test was applied. Non-normally distributed data were analyzed using the Wilcoxon test. For categorical variables, when the expected frequency was greater than five, and the total sample size was 40 or more, the chi-square test was used for group comparisons. For expected frequencies between 1 and 5 with a total sample size of 40 or more, Yates’ correction for continuity was applied. Kaplan–Meier survival analysis was used to describe the survival curves, and the log-rank test was applied to assess the differences between them. Statistical significance was set at P < 0.05.





3 Results



3.1 Comparison of clinicopathological characteristics between the two groups

There were no statistically significant differences in age, body mass index (BMI), PSA levels, high blood pressure (HBP), diabetes mellitus (DM), smoking history, Gleason score, pre-enrollment abiraterone duration, pre-enrollment enzalutamide duration, or extent of disease (EOD) score between the DP+MDV 3100 and DP groups before treatment (P > 0.05), as shown in Table 1.


Table 1 | Comparison of pre-treatment clinicopathological characteristics between the two groups.
	Characteristics
	DP+MDV3100
	DP
	P value



	n
	38
	29
	 


	Age (yr), mean ± sd
	73.079 ± 7.7543
	72.31 ± 7.0766
	0.678


	BMI (kg/m2), mean ± sd
	23.334 ± 2.8077
	24.038 ± 2.7547
	0.310


	HBP, n (%)
	 
	 
	0.180


	Yes
	22 (57.9%)
	12 (41.4%)
	 


	No
	16 (42.1%)
	17 (58.6%)
	 


	DM, n (%)
	 
	 
	0.310


	Yes
	10 (26.3%)
	11 (37.9%)
	 


	No
	28 (73.7%)
	18 (62.1%)
	 


	Smoking, n (%)
	 
	 
	0.353


	Yes
	22 (57.9%)
	20 (69%)
	 


	No
	16 (42.1%)
	9 (31%)
	 


	Initial PSA (ng/mL), median (IQR)
	54.05 (37.288, 92.377)
	50.23 (24.81, 109.26)
	0.400


	Gleason Score, n (%)
	 
	 
	0.836


	3 + 3
	1 (2.6%)
	1 (3.4%)
	 


	3 + 4
	8 (21.1%)
	4 (13.8%)
	 


	3 + 5
	0 (0%)
	1 (3.4%)
	 


	4 + 3
	5 (13.2%)
	3 (10.3%)
	 


	4 + 4
	8 (21.1%)
	9 (31%)
	 


	4 + 5
	12 (31.6%)
	8 (27.6%)
	 


	5 + 3
	1 (2.6%)
	0 (0%)
	 


	5 + 4
	1 (2.6%)
	2 (6.9%)
	 


	5 + 5
	2 (5.3%)
	1 (3.4%)
	 


	Pre-enrollment abiraterone duration(month), median (IQR)
	26 (20.25, 31.75)
	25 (17, 33)
	0.924


	Pre-enrollment enzalutamide duration(month), median (IQR)
	6 (4, 8)
	6 (5, 8)
	0.893


	Pre-enrollment EOD score, n (%)
	 
	 
	0.399


	1
	20 (55.56%)
	14 (70.00%)
	 


	2
	14 (38.89%)
	6 (30.00%)
	 


	3
	2 (5.56%)
	0 (0.00%)
	 





BMI, body mass index; HBP, high blood pressure; DM, diabetes mellitus; PSA, prostate-specific antigen; IQR, interquartile range; DP, docetaxel + prednisone; MDV3100, enzalutamide; EOD, extent of disease.






3.2 Comparison of treatment effectiveness between the two groups

In DP+MDV3100 group, 36 patients experienced a PSA decline exceeding 50% from baseline, compared with 21 patients in the DP group. The proportion of patients with a PSA decline >50% was higher in the study group than that in the control group (P < 0.05). Additionally, improvements in bone metastases were observed in 36 patients and lymph node metastases in 35 patients in the DP+MDV3100 group, which were significantly higher than those in the DP group (P < 0.05), as shown in Table 2.


Table 2 | Comparison of treatment outcomes between the two groups.
	Characteristics
	DP+MDV3100
	DP
	P value



	n
	38
	29
	 


	PSA decline ≥ 50%, n (%)
	 
	 
	0.028


	Yes
	36 (94.7%)
	21 (72.4%)
	 


	No
	2 (5.3%)
	8 (27.6%)
	 


	Bone metastasis regression, n (%)
	 
	 
	0.013


	Yes
	36 (94.7%)
	20 (69%)
	 


	No
	2 (5.3%)
	9 (31%)
	 


	Lymph node metastasis regression, n (%)
	 
	 
	0.014


	Yes
	35 (92.1%)
	20 (69%)
	 


	No
	3 (7.9%)
	9 (31%)
	 





PSA, prostate-specific antigen; DP, docetaxel + prednisone; MDV3100, enzalutamide.






3.3 Comparison of changes in VAS scores before and after treatment between the two groups

Before treatment, there was no statistically significant difference in VAS scores between the two groups (P > 0.05). After treatment, both groups showed significant improvements in VAS scores (P < 0.05). However, the post-treatment VAS scores were lower in the intervention group than in the control group (P < 0.05) (Table 3).


Table 3 | Comparison of VAS score changes before and after treatment between the two groups.
	Characteristics
	DP+MDV3100
	DP
	P value



	n
	38
	29
	 


	Pre-treatment VAS, median (IQR)
	6 (4, 7)
	6 (4, 7)
	0.832


	Post-treatment VAS, median (IQR)
	2 (1, 3)
	3 (3, 5)
	<0.001





VAS, visual analog scale; IQR, interquartile range; DP, docetaxel + prednisone; MDV3100, enzalutamide.






3.4 Comparison of PFS between the two groups

Among the patients with improved treatment outcomes, the median PSA PFS in the Group DP+MDV3100 was 193 days (95% confidence interval [CI]: 174–207 days), which was longer than the 127 days (95% CI: 114–160 days) observed in the DP group. The median PFS for bone metastases was 271 days (95% CI: 265–274 days), which exceeded the 185 days in the control group (95% CI: 183–265 days). Similarly, the median PFS for lymph node metastases was 265 days (95% CI: 194–274 days) compared to 183 days (95% CI: 180–189 days) in the control group (P < 0.05), as illustrated in Figure 1.

[image: Three Kaplan-Meier plots comparing progression-free survival (PFS) rates. Panel A shows PFS rate of PSA, Panel B shows PFS rate of bone metastasis, and Panel C shows PFS rate of lymphatic metastasis. Each panel has two curves: DP+MDV3100 (blue) and DP (red). All panels display hazard ratios (HR) and P-values indicating statistical significance.]
Figure 1 | Comparison of disease PFS Kaplan–Meier curves between the two groups. (A) Comparison of PFS between Group DP+MDV3100 and Group DP. (B) Comparison of bone metastasis-specific PFS between Group DP+MDV3100 and Group DP. (C) Comparison of lymph node metastasis-specific PFS between Group DP+MDV3100 and Group DP. PSA, prostate-specific antigen; HR, Hazard Ratio; MT, metastasis; PFS, progression-free survival; DP, docetaxel + prednisone; MDV3100, enzalutamide.




3.5 Comparison of adverse reactions between the two groups

In the Group DP+MDV3100, all 38 patients experienced adverse reactions. The most common symptoms were myelosuppression, followed by malaise, gastrointestinal responses, lumbago, backache, abnormal liver function, edema, neurological symptoms (characterized by numbness in the extremities), rash, and high blood pressure. No Grade III or higher adverse reactions were observed, and no patient discontinued treatment due to adverse effects. In the DP group, all 29 patients experienced adverse reactions, with myelosuppression being the most common, followed by gastrointestinal responses, malaise, abnormal liver function, neurological symptoms (characterized by numbness in the extremities), and edema. No Grade III or higher adverse reactions were observed, and no patient discontinued treatment due to adverse effects. Notably, the study group had a higher incidence of malaise, lumbago, and backache than the control group (P < 0.05), as shown in Table 4.


Table 4 | Comparison of adverse reactions between the two groups.
	Characteristics
	DP+MDV3100
	DP
	P value



	n
	38
	29
	 


	myelosuppression, n (%)
	 
	 
	0.224


	1
	25 (65.8%)
	23 (79.3%)
	 


	2
	13 (34.2%)
	6 (20.7%)
	 


	malaise, n (%)
	 
	 
	< 0.001


	0
	7 (18.4%)
	22 (75.9%)
	 


	1
	25 (65.8%)
	6 (20.7%)
	 


	2
	6 (15.8%)
	1 (3.4%)
	 


	gastrointestinal responses, n (%)
	 
	 
	0.938


	0
	22 (57.9%)
	17 (58.6%)
	 


	1
	14 (36.8%)
	11 (37.9%)
	 


	2
	2 (5.3%)
	1 (3.4%)
	 


	abnormal liver function, n (%)
	 
	 
	0.966


	0
	31 (81.6%)
	23 (79.3%)
	 


	1
	6 (15.8%)
	5 (17.2%)
	 


	2
	1 (2.6%)
	1 (3.4%)
	 


	edema, n (%)
	 
	 
	0.464


	0
	32 (84.2%)
	27 (93.1%)
	 


	1
	6 (15.8%)
	2 (6.9%)
	 


	neurological symptoms, n (%)
	 
	 
	0.775


	0
	32 (84.2%)
	26 (89.7%)
	 


	1
	6 (15.8%)
	3 (10.3%)
	 


	lumbago and backache, n (%)
	 
	 
	0.031


	0
	30 (78.9%)
	29 (100%)
	 


	1
	7 (18.4%)
	0 (0%)
	 


	2
	1 (2.6%)
	0 (0%)
	 


	rash, n (%)
	 
	 
	0.596


	0
	36 (94.7%)
	29 (100%)
	 


	1
	2 (5.3%)
	0 (0%)
	 


	HBP, n (%)
	 
	 
	0.596


	0
	36 (94.7%)
	29 (100%)
	 


	1
	2 (5.3%)
	0 (0%)
	 





HBP, high blood pressure; DP, docetaxel + prednisone; MDV3100, enzalutamide.






3.6 Ethics statement

The investigators affirmed comprehensive accountability for the methodological rigor and validity of this research. Rigorous validation processes were implemented to address potential quality concerns throughout the study lifecycle. This study was approved by the Institutional Review Board of the First Affiliated Hospital of Soochow University (Protocol ID: 511/2024) and strictly adhered to the ethical principles established in the 2013 revision of the Declaration of Helsinki. Written informed consent was obtained from all enrolled subjects prior to trial initiation.





4 Discussion

The mCRPC stage marks an advanced phase of PCa and significantly reduces patient survival (10). Historically, docetaxel has been regarded as the only drug capable of extending survival in patients with mCRPC (15). It primarily exerts antitumor effects by affecting microtubules, thereby disrupting mitosis and inducing apoptosis (16). However, docetaxel may also benefit patients with prostate cancer through androgen receptor signaling pathways and the inhibition of nuclear translocation (17). Abiraterone is a selective and irreversible CYP17 inhibitor that blocks androgen synthesis from all sources (18). Furthermore, enzalutamide acts by inhibiting the binding, nuclear translocation, and activity of the androgen receptor (19). Both abiraterone and enzalutamide are NHTs that target androgen activity and may lead to cross-resistance, resulting in suboptimal outcomes when switching from abiraterone to enzalutamide (12). However, research indicates that using enzalutamide after abiraterone resistance improves tumor PFS but not overall survival (20). While the mechanism of action of docetaxel shares some similarities with that of enzalutamide, two major studies have demonstrated significant benefits in patients with mCRPC when enzalutamide is used before or after docetaxel (21, 22). Based on these findings and patient preferences, the practice of administering docetaxel chemotherapy following sequential treatment with abiraterone and enzalutamide in patients with mCRPC has become more prevalent than immediately switching to chemotherapy after a single NHT treatment.

The above information suggests that while different drugs have overlapping mechanisms of action, combination therapy may provide better outcomes compared to monotherapy. The PRESIDE study was a two-phase, multinational, double-blind, randomized, placebo-controlled, phase 3b trial conducted at 123 European sites (23). In the first phase, 688 patients with mCRPC received 160 mg enzalutamide daily alongside ADT. After 13 weeks, 271 patients who showed a PSA decline and subsequent progression (radiographic or PSA progression) entered the second phase. All patients underwent 10 cycles of docetaxel chemotherapy (75 mg/m² every 3 weeks) and daily prednisone (10 mg) and were randomly assigned (1:1) to receive either 160 mg/day enzalutamide or a placebo. Results showed that the enzalutamide group had a median tumor PFS of 9.5 months (95% CI: 8.3–10.9 months) compared to the 8.3 months (95% CI: 6.3–8.7 months) in the placebo group (hazard ratio = 0.72, 95% CI: 0.53–0.96, P = 0.027). This indicates that enzalutamide combined with docetaxel could extend tumor PFS in enzalutamide-responsive mCRPC patients beyond that achieved by docetaxel alone. The CHEIRON study involved untreated patients with mCRPC who were randomly assigned (1:1) to receive eight cycles of docetaxel chemotherapy with or without enzalutamide (similar to the PRESIDE protocol) (24). Patients in the combination group exhibited better progression rates after 6 months compared to the docetaxel-only group. These studies highlight the significance of the enzalutamide-docetaxel combination in mCRPC treatment. Unlike the CHEIRON and PRESIDE studies, which did not include patients previously treated with abiraterone, the present study focused on patients with mCRPC who progressed after abiraterone followed by enzalutamide, aligning better with current clinical practices. The study found that even after dual NHT treatment, continuing enzalutamide with docetaxel was more effective than docetaxel alone. The analysis demonstrated that more patients in the combination therapy group experienced >50% PSA decline and improvements in bone and lymph node metastases, highlighting the advantages of combination therapy. Continued follow-up indicated that most patients experienced PSA or imaging progression within one year of treatment. Survival analysis demonstrated more significant benefits for PSA levels and metastasis control with combination therapy, suggesting a synergistic effect between enzalutamide and docetaxel.

Pain is a significant factor that affects the quality of life of patients with advanced malignancies. Both the study and control groups showed a reduction in the VAS scores after treatment, with the study group achieving lower VAS scores, indicating better pain control with combination therapy. This improvement is in line with the greater resolution of bone metastasis and extended PFS in the study group. Clinically, effective medication and care strategies are essential to alleviate pain and enhance patients’ quality of life (25). In terms of adverse reactions, both groups experienced significant myelosuppression, though no Grade III or higher toxicities was observed. Unlike enzalutamide studies, in which myelosuppression was less pronounced, Malinowski et al. (26) indicated that nearly all docetaxel regimens for mCRPC resulted in hematological toxicity, including Grade III-IV neutropenia (12%–15%) and febrile neutropenia (6%–12%). Widespread myelosuppression observed in both groups was likely attributable to docetaxel. Other adverse reactions in the study group included malaise, gastrointestinal responses, lumbago, and backache, consistent with the known side effects of enzalutamide (27). Additional mild adverse effects included liver dysfunction, neurological symptoms, edema, rash, and HBP; however, none necessitated treatment discontinuation. In the control group, aside from myelosuppression, the main adverse reactions were gastrointestinal responses and malaise, with other effects such as liver dysfunction, edema, and neurological symptoms remaining mild (Grades I-II). Overall, although combining enzalutamide with docetaxel introduces enzalutamide-specific adverse effects, these are generally mild and do not require discontinuation or alteration of the treatment regimen, offering an advantage over the use of docetaxel alone.

This study has several limitations that should be acknowledged. First, the follow-up duration was relatively short, which restricted our ability to fully evaluate long-term outcomes such as overall survival (OS). We plan to continue follow-up in future research to address this limitation. Second, as a retrospective study, treatment allocation was determined by physician and patient preference rather than randomization, which may have introduced selection bias and increased the risk of confounding factors affecting treatment outcomes. Third, molecular profiling and biomarker analyses were not performed in this study; however, we intend to conduct further research to evaluate the sensitivity of patients with different genotypes to various treatments. Finally, although pain was assessed using the VAS, other standardized quality of life assessments were not included. In future studies, we will incorporate more comprehensive quality of life measures to provide a deeper understanding of patient-reported outcomes. These limitations underscore the need for prospective, randomized studies with longer follow-up, molecular analyses, and more comprehensive quality of life assessments in future research.

In summary, this study demonstrated that the combination of enzalutamide and docetaxel offers advantages over docetaxel alone in controlling PSA levels and bone metastases in patients with mCRPC who progressed after effective treatment with abiraterone followed by enzalutamide. This combination also helps to alleviate pain symptoms and is associated with relatively mild adverse effects. However, this study was limited by its small sample size and short follow-up period, indicating the need for further analysis and validation with a larger patient cohort.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: https://figshare.com/s/2a15a646e7dc713e9830.





Ethics statement

The studies involving humans were approved by the Institutional Review Board of the First Affiliated Hospital of Soochow University. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

ZZ: Writing – original draft, Formal analysis, Software, Data curation, Methodology, Visualization, Investigation, Validation. YY: Methodology, Investigation, Writing – original draft, Formal analysis, Data curation. CZ: Formal analysis, Writing – original draft, Data curation, Methodology, Investigation. JZ: Writing – review & editing, Validation, Project administration, Supervision. XZ: Writing – review & editing, Resources, Project administration, Supervision, Visualization, Validation. JO: Methodology, Resources, Validation, Writing – review & editing, Visualization, Supervision, Project administration, Funding acquisition, Software.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This scientific investigation was supported through competitive research funding from the Science and Technology Program of Suzhou (Award Code: SLJ201906), which encompassed full-cycle financial coverage spanning experimental execution, scholarly manuscript composition, and openaccess article processing charges.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.






References

	 Zhiyu Z, Qi Z, Zhen S, Jianglei Z, Jun O. Small nucleolar RNA host gene 25 is a long non-coding RNA helps diagnose and predict outcomes in prostate cancer. Cancer Treat Res Commun. (2023) 35:100687. doi: 10.1016/j.ctarc.2023.100687, PMID: 36706513


	 Walz S, Maas M, Stenzl A, Todenhöfer T. Bone health issues in patients with prostate cancer: An evidence-based review. World J Mens Health. (2020) 38:151–63. doi: 10.5534/wjmh.190044, PMID: 31081297


	 Gebrael G, Sayegh N, Hage Chehade C, Jo Y, Narang A, Chigarira B, et al. Genomic biomarkers of survival in patients with metastatic hormone-sensitive prostate cancer undergoing intensified androgen deprivation therapy. Prostate Cancer Prostatic Dis. (2025), 1–7. doi: 10.1038/s41391-025-00936-1, PMID: 39885371


	 Fukuokaya W, Mori K, Yanagisawa T, Urabe F, Rajwa P, Briganti A, et al. Tumor burden and heterogenous treatment effect of apalutamide in metastatic castration-sensitive prostate cancer. Cancer. (2025) 131:e35819. doi: 10.1002/cncr.35819, PMID: 40106307


	 Fizazi K, Foulon S, Carles J, Roubaud G, McDermott R, Fléchon A, et al. Abiraterone plus prednisone added to androgen deprivation therapy and docetaxel in de novo metastatic castration-sensitive prostate cancer (PEACE-1): A multicentre, open-label, randomised, phase 3 study with a 2 × 2 factorial design. Lancet. (2022) 399:1695–707. doi: 10.1016/S0140-6736(22)00367-1, PMID: 35405085


	 Saad F, Clarke NW, Oya M, Shore N, Procopio G, Guedes JD, et al. Olaparib plus abiraterone versus placebo plus abiraterone in metastatic castration-resistant prostate cancer (PROpel): Final prespecified overall survival results of a randomised, double-blind, phase 3 trial. Lancet Oncol. (2023) 24:1094–108. doi: 10.1016/S1470-2045(24)00209-2, PMID: 38697163


	 Armstrong AJ, Szmulewitz RZ, Petrylak DP, Holzbeierlein J, Villers A, Azad A, et al. ARCHES: A randomized, Phase III study of androgen deprivation therapy with enzalutamide or placebo in men with metastatic hormone-sensitive prostate cancer. J Clin Oncol. (2019) 37:2974–86. doi: 10.1200/JCO.19.00799, PMID: 31329516


	 Cornford P, van den Bergh RCN, Briers E, Van den Broeck T, Cumberbatch MG, De Santis M, et al. EAU-EANM-ESTRO-ESUR-SIOG guidelines on prostate cancer. Part II-2020 Update: Treatment of Relapsing and Metastatic Prostate Cancer. Eur Urol. (2021) 79:263–82. doi: 10.1016/j.eururo.2020.09.046, PMID: 33039206


	 Lowrance WT, Breau RH, Chou R, Chapin BF, Crispino T, Dreicer R, et al. Advanced prostate cancer: AUA/ASTRO/SUO guideline Part II. J Urol. (2021) 205:22–9. doi: 10.1097/JU.0000000000001376, PMID: 32960678


	 Schaeffer EM, Srinivas S, Adra N, An Y, Barocas D, Bitting R, et al. Prostate cancer. version 4.2023, NCCN clinical practice guidelines in oncology. J Natl Compr Canc Netw. (2023) 21:1067–96. doi: 10.6004/jnccn.2023.0050, PMID: 37856213


	 Kulasegaran T, Oliveira N. Metastatic castration-resistant prostate cancer: Advances in treatment and symptom management. Curr Treat Options Oncol. (2024) 25:914–31. doi: 10.1007/s11864-024-01215-2, PMID: 38913213


	 Chen MK, Liang ZJ, Luo DS, Xue KY, Liao DY, Li Z, et al. Abiraterone, orteronel, enzalutamide and docetaxel: Sequential or combined therapy? Front Pharmacol. (2022) 13:843110. doi: 10.3389/fphar.2022.843110, PMID: 35250590


	 Shiota M. Continuing enzalutamide with docetaxel in castration-resistant prostate cancer. Lancet Oncol. (2022) 23:1345–7. doi: 10.1016/S1470-2045(22)00614-3, PMID: 36265501


	 Dueck AC, Mendoza TR, Mitchell SA, Reeve BB, Castro KM, Rogak LJ, et al. Validity and reliability of the US National Cancer Institute’s patient-reported outcomes version of the common terminology criteria for adverse events (PRO-CTCAE). JAMA Oncol. (2015) 1:1051–9. doi: 10.1001/jamaoncol.2015.2639, PMID: 26270597


	 Dong L, Zieren RC, Xue W, de Reijke TM, Pienta KJ. Metastatic prostate cancer remains incurable, why? Asian J Urol. (2019) 6:26–41. doi: 10.1016/j.ajur.2018.11.005, PMID: 30775246


	 Lozano R, Lorente D, Aragon IM, Romero-Laorden N, Nombela P, Mateo J, et al. Value of early circulating tumor cells dynamics to estimate docetaxel benefit in metastatic castration-resistant prostate cancer (mCRPC) patients. Cancers (Basel). (2021) 13:2334. doi: 10.3390/cancers13102334, PMID: 34066080


	 Zhu ML, Horbinski CM, Garzotto M, Qian DZ, Beer TM, Kyprianou N. Tubulin-targeting chemotherapy impairs androgen receptor activity in prostate cancer. Cancer Res. (2010) 70:7992–8002. doi: 10.1158/0008-5472.CAN-10-0585, PMID: 20807808


	 Castellan P, Castellucci R, Marchioni M, De Nunzio C, Tema G, Primiceri G, et al. A drug safety evaluation of abiraterone acetate in the treatment of prostate cancer. Expert Opin Drug Saf. (2019) 18:759–67. doi: 10.1080/14740338.2019.1648428, PMID: 31353982


	 Wang Y, Chen J, Wu Z, Ding W, Gao S, Gao Y, et al. Mechanisms of enzalutamide resistance in castration-resistant prostate cancer and therapeutic strategies to overcome it. Br J Pharmacol. (2021) 178:239–61. doi: 10.1111/bph.15300, PMID: 33150960


	 Azuma T. Comparing sequencing of abiraterone and enzalutamide in men with metastatic castration-resistant prostate cancer: A retrospective study. Prostate. (2018) 78:278. doi: 10.1002/pros.23470, PMID: 29315696


	 Scher HI, Fizazi K, Saad F, Taplin ME, Sternberg CN, Miller K, et al. Increased survival with enzalutamide in prostate cancer after chemotherapy. N Engl J Med. (2012) 367:1187–97. doi: 10.1056/NEJMoa1207506, PMID: 22894553


	 Beer TM, Armstrong AJ, Rathkopf DE, Loriot Y, Sternberg CN, Higano CS, et al. Enzalutamide in metastatic prostate cancer before chemotherapy. N Engl J Med. (2014) 371:424–33. doi: 10.1056/NEJMoa1405095, PMID: 24881730


	 Merseburger AS, Attard G, Åström L, Matveev VB, Bracarda S, Esen A, et al. Continuous enzalutamide after progression of metastatic castration-resistant prostate cancer treated with docetaxel (PRESIDE): An international, randomised, phase 3b study. Lancet Oncol. (2022) 23:1398–408. doi: 10.1016/S1470-2045(22)00560-5, PMID: 36265504


	 Caffo O, Ortega C, Nolè F, Gasparro D, Mucciarini C, Aieta M, et al. Docetaxel and prednisone with or without enzalutamide as first-line treatment in patients with metastatic castration-resistant prostate cancer: CHEIRON, a randomised phase II trial. Eur J Cancer. (2021) 155:56–63. doi: 10.1016/j.ejca.2021.06.016, PMID: 34358777


	 Pituskin E, Fairchild A. Prostate cancer with bone metastases: Addressing chronic pain from the perspective of the radiation oncology nurse practitioner. Semin Oncol Nurs. (2021) 37:151175. doi: 10.1016/j.soncn.2021.151175, PMID: 34304921


	 Malinowski B, Wiciński M, Musiała N, Osowska I, Szostak M. Previous, current, and future pharmacotherapy and diagnosis of prostate cancer-A comprehensive review. Diagn (Basel). (2019) 9:161. doi: 10.3390/diagnostics9040161, PMID: 31731466


	 de Bono JS, Chowdhury S, Feyerabend S, Elliott T, Grande E, Melhem-Bertrandt A, et al. Antitumour Activity and Safety of Enzalutamide in Patients with Metastatic Castration-resistant Prostate Cancer Previously Treated with abiraterone acetate Plus prednisone for ≥24 weeks in Europe. Eur Urol. (2018) 74:37–45. doi: 10.1016/j.eururo.2017.07.035, PMID: 28844372







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Zhang, Yu, Zhang, Zhang, Zhang and Ouyang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-15-1608786-g001.jpg
A 1.00 B 1.00 C 1.00

'_
— s
< 075 E o5 2 075
w (o] ©
£ 5 s
k] o €
2 0.50 S 0.50 > 0.50
g o S
[} o o
L 1) ©
a s =
0.25 & 025 P 0.25
o
HR = 3.57 (2.03 - 6.27) HR = 2.43 (1.44 - 4.11) HR = 2.45 (1.45 - 4.14)
0.00 4 P <0001 0.00 4P <0001 0.00 4 P <0001
0 50 100 150 200 250 0 100 200 300 0 100 200 300

Time(day) Time(day) Time(day)





OEBPS/Images/fonc.2025.1608786_cover.jpg
& frontiers | Frontiers in Oncology

Therapeutic outcomes of enzalutamide-
docetaxel combination versus docetaxel
monotherapy in post-sequential androgen
receptor axis-targeted therapy failure
metastatic castration-resistant prostate
cancer





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
DP

Characteristics P value
+MDV3100
n 38 29
B ine > s
SA decline > 50% 0.028
n (%)
Yes 36 (94.7%) 21 (72.4%)
No 2 (53%) 8 (27.6%)
Bone metastasis
. 0.013
regression, n (%)
Yes 36 (94.7%) 20 (69%)
No 2 (5.3%) 9 (31%)
Lymph node
metastasis regression, 0.014
n (%)
Yes 35 (92.1%) 20 (69%)
No 3 (7.9%) 9 (31%)

PSA, prostate-specific antigen; DP, docetaxel + prednisone; MDV3100, enzalutamide.






OEBPS/Images/table4.jpg
DP

Characteristics

+MDV3100
n 38 29
myelosuppression, 0224
n (%)
1 25 (65.8%) 23 (79.3%)
2 13 (34.2%) 6 (20.7%)
malaise, n (%) ' ‘ < 0.001
0 7 (18.4%) 22 (75.9%)
1 25 (65.8%) 6 (20.7%)
2 6 (15.8%) 1 (3.4%)
gastrointestinal 0.938
responses, 1 (%)
0 22 (57.9%) 17 (58.6%)
1 14 (36.8%) 11 (37.9%)
2 2 (5.3%) 1 (3:4%)
abnormal liver 0566
function, n (%)
0 31 (81.6%) 23 (79.3%)
1 6 (15.8%) 5 (17.2%)
2 1 (2.6%) 1 (3.4%)
edema, n (%) 0.464
0 32 (84.2%) 27 (93.1%)
1 6 (15.8%) 2 (6.9%)
neurological
sym;tomstgn (%) Gl
0 32 (84.2%) 26 (89.7%)
1 7 6 (15.8%) 3 (10.3%)
)
0 30 (78.9%) 29 (100%)
1 7 (18.4%) 0 (0%)
2 1 (2.6%) 0 (0%)
rash, n (%) 0.596
0 36 (94.7%) 29 (100%)
1 2 (5.3%) 0 (0%)
HBP, n (%) 0.596
0 36 (94.7%) 29 (100%)
1 2 (53%) 0 (0%)

HBP, high blood pressure; DP, docetaxel + prednisone; MDV3100, enzalutamide.





OEBPS/Images/table3.jpg
DP

Characteristics +MDV3100 P value
n 38 29
Pre-treatment VAS,
median (IQR) 6(4,7) 6(4,7) 0.832
Post-treatment VAS, 2(1,3) 33,5 <0.001

median (IQR)

VAS, visual analog scale; IQR, interquartile range; DP, docetaxel + prednisone;
MDV3100, enzalutamide.





OEBPS/Images/table1.jpg
Characteristics

DP

+MDV3100
n 38 29
Age (yr), mean + sd 73.079 + 7.7543 72.31 + 7.0766 0.678
ML (kgf::)’ TN 23334428077 | 24038 £ 27547 0310
HBP, n (%) 0.180
Yes 22 (57.9%) 12 (41.4%)
No 16 (42.1%) 17 (58.6%)
DM, n (%) 0310
Yes 10 (26.3%) 11 (37.9%)
No 28 (73.7%) 18 (62.1%)
Smoking, n (%) 0.353
Yes 22 (57.9%) 20 (69%)
No 16 (42.1%) 9 (31%)
Initial PSA (ng/mL), 54,05 5023 0,400
median (IQR) (37288, 92.377) (24.81, 109.26)
Gleason Score, n (%) 0.836
3+3 1 (2.6%) 1 (3.4%)
3+4 8 (21.1%) 4 (13.8%)
3+5 0 (0%) 1 (3:4%)
4+3 5 (13.2%) 3 (10.3%)
4+4 8 (21.1%) 9 (31%)
4+5 12 (31.6%) 8 (27.6%)
543 1 (2.6%) 0 (0%)
5+4 1 (2.6%) 2 (6.9%)
545 2 (5.3%) 1 (3.4%)
Pre-enrollment
abiraterone duration
faond, 26 (20.25, 31.75) 25 (17, 33) 0924
median (IQR)
Pre-enrollment
enza.lut(arr;l;i:h ()i’uration 6(4,8) 665, 8) 0.893
median (IQR)
Pre-enrollment EOD 0.399

score, n (%)

1

20 (55.56%)

14 (70.00%)

2

14 (38.89%)

6 (30.00%)

3

2 (5.56%)

0 (0.00%)

BMI, body mass index; HBP, high blood pressure; DM, diabetes mellitus; PSA, prostate-
specific antigen; IQR, interquartile range; DP, docetaxel + prednisone; MDV3100,

enzalutamide; EOD, extent of disease.





