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Castration-resistant prostate cancer (CRPC), particularly metastatic castration-resistant prostate cancer (mCRPC), is a leading cause of cancer-related death in men worldwide. Despite great achievements in the treatment of mCRPC, the clinical treatment still faces enormous challenges due to natural or acquired drug resistance. Tumor organoids, an in-vitro three-dimensional microstructure, have been demonstrated to predict the response to various therapies to optimize patient outcomes at the individual level. Here, we shared a mCRPC patient who achieved stable disease after treatment with the drugs sensitive in organoid drug screening, despite failure in previous several standard therapies. This typical case highlights that prostate cancer organoids may serve as a potential companion tool to optimize treatment options and improve treatment outcomes, thus realizing the personalized management of mCRPC patients, especially those exhausting the standard therapies.
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1 Introduction

Castration-resistant prostate cancer (CRPC), particularly metastatic castration-resistant prostate cancer (mCRPC), is one of the most common malignancies and a leading cause of cancer-related death in men worldwide (1). Diverse treatment modalities have been used for mCRPC, mainly including endocrine therapy, chemotherapy, immunotherapy, and bone-targeted therapy. Over the past few years, with the emergence of more novel agents, such as taxanes, poly (ADP-ribose) polymerase (PARP) inhibitors and androgen receptor signaling inhibitors, great achievements have been made in treating mCRPC (2). However, the clinical treatment of mCRPC still faces enormous challenges due to natural or acquired drug resistance.

As in-vitro three-dimensional (3D) microstructures from adult or embryonic stem cells with the capability of self-organization and self-renewal, tumor organoids have been confirmed to be a promising model system to enhance translational research and clinical decision-making (3). They can predict the response to various therapies (chemotherapy, radiotherapy, targeted therapy and immunotherapy) to optimize patient outcomes at the individual level (4). Recent studies have demonstrated that prostate cancer organoids can not only evaluate the drug response in clinical trials but also facilitate the study of molecular mechanisms underlying drug resistance and the screening of potential therapies (5, 6). Here, we reported a case of mCRPC who failed in several standard therapies but finally obtained stable disease after treatment with the drugs sensitive in organoid drug screening.




2 Case presentation

A 65-year-old man came to our hospital for prostate cancer chemotherapy. He had a previous history of hypertension for 5 years, but no family history of malignancies. In September 2018, the patient developed intermittent dysuria, accompanied by urinary frequency and urgency, which was not paid enough attention. Three months later, he suffered from urinary retention after drinking alcohol, and the symptoms improved following indwelling catheterization.

On January 8, 2019, prostate biopsy showed prostate cancer, Gleason score 4 + 4, in which neural invasion could be observed. Magnetic resonance imaging (MRI) revealed a space-occupying lesion in the prostate that involved seminal vesicle glands and had unclear boundary with the bladder floor, as well as multiple swollen lymph nodes in the pelvic cavity (Figure 1). Stage IV prostate cancer (T4N1M0) was considered. Accordingly, bicalutamide plus leuprolide was administrated. In November 2020, the treatment regimen was adjusted to flutamide plus leuprolide due to elevated prostate-specific antigen (PSA) levels from 0.04 to 1.96 ng/mL. In June 2021, the regimen was adjusted again to abiraterone plus leuprolide because of continuously increased PSA levels (Figure 2A). In October 2022, positron emission tomography/computed tomography (PET/CT) examination showed multiple bone malignant tumors (MT) and MT lymph nodes in the posterior of peritoneum, by the side of the right iliac vessels and in the intervals between right lateral internal obturator muscles, suggesting bone metastasis. Therefore, bisphosphonates were used for symptomatic treatment. In March 2023, percutaneous drainage was performed due to right hydronephrosis. One month later, somatic mutations in CHEK2 (c.203_204in sGC and p.Q69fs in nucleotide and amino-acid changes; variant frequency of 0.41%), TP53 (c.880del and p.E294fs in nucleotide and amino-acid changes; variant frequency of 1.15%), and KMT2C (c.2170A>T and p.K724 in nucleotide and amino-acid changes; variant frequency of 0.83%) were identified through genetic testing. CHEK2 p.Q69fs mutations in homologous recombination repair (HRR) genes suggested that the patient may derive benefits from olaparib, a poly (ADP-ribose) polymerase (PARP) inhibitor. Therefore, olaparib was added for 6 cycles of treatment. On October 26, 2023, PET/CT indicated slightly increased prostate cancer lesions and lymph node metastases than before, suggesting disease progression. Subsequently, the combination of docetaxel, revilutamide and leuprolide was used for 4 cycles. On January 25, 2024, pelvic MRI showed a hyperintense range of the right prostate DWI sequence and some reduced lymph nodes in the right iliac vessels, but newly increased multiple nodules and masses in the left parailiac vessels, peritoneum, and pelvic cavity, thus metastasis was considered. After 2 cycles of treatment with docetaxel, cisplatin, leuprolide, revilutamide and toripalimab, the computerized tomography (CT) scan of the chest and abdomen showed dorsal nodules in the inferior lobe of right lung, bilateral pleural thickening, and peritoneal nodules (Figure 3A). Despite no significant changes in prostate cancer lesions, there were enlarged peritoneal and pelvic nodules and masses through the MRI examination on March 24, 2024. Based on the peritoneocentesis, prostate cancer metastasis was further confirmed.

[image: Timeline and MRI images showing prostate cancer progression and treatment. Treatments and procedures are outlined from 2019 to 2024, with MRI scans marked with red arrows illustrating changes. Key events include PSA increases, genetic testing, metastasis, and various treatments, leading to the final status marked as “Dead” in 2024/10.]
Figure 1 | The diagnostic and treatment timeline of the patient.

[image: Two line graphs labeled A and B show PSA levels in nanograms per milliliter over time. Graph A displays a decrease from 4.88 to 0.04, followed by fluctuations, peaking at 6.53. Graph B starts at 8.68, gradually increases to 296.5, and drops to 132.4. Dates range from February 2019 to April 2024.]
Figure 2 | Variations in prostate-specific antigen levels during the treatment from 2019/02 to 2021/12 (A) and from 2022/02 to 2024/05 (B).

[image: Panel A and B show a series of axial CT scans. Panel A showcases lung metastasis and metastases in various abdominal regions: retroperitoneal lymph nodes, peritoneal mesentery, hilar lymph nodes, omental lymph nodes, pleura, and psoas major. Each scan highlights a significant area with a red arrow. Panel B depicts similar images, each also marked with a red arrow indicating the same regions as Panel A. The scans illustrate metastases at different anatomical sites within the body.]
Figure 3 | CT scans of the chest and abdomen before (A) and after (B) the treatment guided by the organoid drug screening. Red arrows head towards to the lesions in different locations.

After the patient provided written consent form, 290 mL of malignant ascites was collected into the heparinized sterile bags by peritoneocentesis and then transferred to the laboratory on ice. Organoid culture and drug sensitivity testing were performed strictly based on the protocols provided by Kingbio Medical Co., Ltd. (Chongqing, China). After centrifugation at 300 g for 5 min at 4°C, the cell pellets were resuspended with Matrigel (354230, Corning), and 40 μL of the suspension was inoculated in 24-well plates at 37°C for 20 min. Meanwhile, 22.5 μL organoid culture medium was added to four unused wells, and 2.5 μL DMSO and 2.5 μL staurosporin solution were added to two unused wells as the negative and positive controls, respectively. Once the droplets were completely solidified, 500 μL of Jiabili® organoid culture medium was added to each well and replaced every three days until the organoids grew like solid spheroids with around 70-μm diameter (Figure 4A). Subsequently, drug sensitivity testing was conducted. The established organoids were first digested into single cells using Jiabili® organoid digestive juice, and then Jiabili® tumor tissue basic medium II was utilized for resuspension. The number of organoids were calculated. When Matrigel and Jiabili® organoid medium for prostate cancer were both supplemented, the suspension seeded onto multi-well plates was placed in an incubator at 37°C for 24 hours. Afterwards, the pre-prepared drug solution was added, and the culture for 72 hours was performed. Finally, the number of viable cells in organoids was measured using CellTiter-Glo® Luminescent Cell Viability Assay. There were three replicates for each drug. Totally 15 different drugs were selected, including commonly used chemotherapy drugs and targeted drugs alone or in combination (Figure 4B). Notably, the organoids employed in the testing were at passage 1, and the time from sample collection to testing was 20 days. The drug testing concentration depended on the blood drug concentration of each drug, usually ranging from 100 μM to 0.1 nM. Based on the quantification of the inhibitory effects of drugs on tumor organoid growth, a five-classification method was used to evaluate the potential efficacy of the drugs.
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Figure 4 | The growth of prostate cancer organoids from malignant ascites under optical microscopes (A) and the drug panel for drug sensitivity testing (B).

During the culture period, the patient was treated with etoposide (100 mg, continuous use of 5 days and then stop use of 16 days), bicalutamide (50 mg, qd), goserelin (3.6 mg, once every 28 days), anlotinib (12 mg, qd, continuous use of 14 days and then stop use of 7 days) and toripalimab (240 mg, once every 3 weeks). Importantly, the patient was found to be highly sensitive to bicalutamide and sensitive to the combination of anlotinib, bicalutamide and etoposide after performing drug sensitivity testing in March 2024 (Figure 4B). Considering a trend of PSA reduction from 296.5 to 183.9 ng/mL, this combined regimen continued to be used. Notably, toripalimab was administered empirically, as immune-related biomarkers such as programmed death ligand-1 (PD-L1) expression, tumor mutational burden (TMB), and microsatellite instability (MSI)/mismatch-repair (MMR) status were not available for the patient. On May 17, 2024, grade I neutropenia and hemoglobin adverse events occurred, but the treatment regimen was not adjusted. After 2 cycles of treatment, PSA levels were further reduced to 132.4 ng/mL on May 20, 2024 (Figure 2B). Compared with the last examination, MRI showed slightly reductions in prostate cancer lesions and some lymph nodes; CT revealed decreased solid nodules in the dorsal segment of inferior lobe of right lung, improved pleurae, absorbed pleural effusion in the right side, as well as lessened nodes in multiple locations including mediastinum, peritonea and omenta (Figure 3B). According to Response Evaluation Criteria in Solid Tumors (RECIST version 1.1), stable disease was assessed. On June 27, 2024, the patient felt weak, thus bone marrow aspiration was performed, indicating bone marrow infiltration. Considering that the patient was highly sensitive to doxorubicin, and epirubicin and doxorubicin were both anthracycline drugs. Compared with doxorubicin, epirubicin showed lower cardiotoxicity and milder myelosuppression. Thus, epirubicin was selected and the treatment regimen was adjusted into bicalutamide, epirubicin plus leuprorelin on July 2, 2024. Unfortunately, the blood platelet counts significantly increased following 2 cycles of treatment. On October 19, 2024, epileptic seizure occurred. Five days later, the patient died due to disease progression.




3 Discussion

Prostate cancer, a highly heterogeneous disease whether in molecular or in clinical aspects, may be aggressive due to development of resistance to treatment. It is reported that 10%-20% of prostate cancer patients with metastasis develop CRPC within 5 years, with the median survival of around 14 months after diagnosis of CRPC (7). Although several novel treatment options have been developed for mCRPC, the prognosis is still dismal, and there is also lack of consensus on the timing and sequence of available therapies (8, 9). Recently, tumor organoids, a powerful 3D model system that can faithfully retain histological and molecular features of metastatic tumors including prostate cancer, have been confirmed to be a promising approach for identification of novel treatment strategies and potential biomarkers (5). In this study, we described a mCRPC patient who finally obtained stable disease under the guidance of organoid-based drug screening after failure in several standard therapies, unveiling that prostate cancer organoids could be used to screen the potential drugs and drug combinations for patients exhausting standard therapies to improve the treatment outcome.

In the era of precision oncology, the optimal treatment sequence and combined therapies are designed through predictive molecular signatures. Genomic/transcriptomic signatures that can capture early pathogenic events and CRPC-related gene aberrations have been identified, but progress on the use of these molecular signatures for guiding treatment has been impeded due to lack of accurate preclinical models and appropriate methods to capture tumor heterogeneity at diverse disease states (10). The recently emerging patient-derived tumor organoids can identify the optimal drug combinations for patients eligible for diverse therapies through high-throughput drug screening. In previous studies, prostate cancer organoids have been established for characterizing the subtypes of prostate cancer and screening effective drugs (11, 12). Additionally, mCRPC organoids are also cultured for assessing the efficacy of targeted drugs (13). In our study, the prostate cancer organoids from malignant ascites were established following disease progression. The organoid-based drug sensitivity testing showed highly sensitive to bicalutamide and sensitive to the combination of anlotinib, bicalutamide and etoposide, based on which the combined regimen was used, and the disease was controlled. This finding further supports the potential of patient-derived tumor organoids in guiding the personalized treatment of the individual refractory mCRPC patients.

It has been confirmed that the CHEK2 gene plays a crucial role in the DNA damage response (DDR) pathway encoding the regulatory kinase CHK2 in the HRR of double-strand breaks (14), and mutations in DDR genes can result in differential responses of prostate cancer to PARP inhibitors (15). In the Expert Consensus on HRR Gene Testing and Variant Interpretation in Prostate Cancer, CHEK2 has been explicitly classified as one of the HRR genes associated with the treatment efficacy of PARP inhibitors in prostate cancer (16, 17). The PROfound study also indicated that olaparib could significantly improve the clinical outcomes of patients with metastatic CRPC harboring HRR alterations (18). In view of this, olaparib was administrated in our case due to identification of CHEK2 p.Q69fs mutations, but disease progression still occurred. Notably, HRD or BRCA-like signatures were not assessed. In the subsequent drug sensitivity testing, olaparib was further confirmed unsensitive.

PSA, one of the most extensively used tumor marker, is closely associated with the risk of developing prostate cancer and considered to be the first-line biomarker for the management of prostate cancer (19). In our case, the PSA levels had been decreased significantly from 296.5 to 183.9 ng/mL since the combined regimen with etoposide, bicalutamide, goserelin, anlotinib and toripalimab was used, during which organoid drug sensitivity testing indicated highly sensitive to bicalutamide and sensitive to the combination of etoposide, bicalutamide and anlotinib. Based on this, this combined regimen continued to be used for one more cycle. Continuously decreased PSA levels were observed, and stable disease was assessed based on the MRI and CT examinations. Therefore, for mCRPC patients exhausting standard therapies, patient-derived prostate cancer organoids contributed to identification of effective drugs and drug combinations against tumors through high-throughput screening to improve the treatment outcome. Previous studies also highlighted the ability of tumor organoids to predict clinical responses to therapies, thus determining to tailor therapies timely prior to onset of drug resistance (20). In a recently published expert consensus, organoid-based drug sensitivity testing has been recommended for the different application scenarios of tumors, such as palliative chemotherapy, ineffective first-line treatment, advanced and metastatic cancer, etc., and even can be performed throughout the entirety of cancer treatment (21).

A critical limitation of this study is the failure to detect immune-related biomarkers, including PD-L1, TMB, and MSI/MMR status, which significantly restricts the accurate interpretation of the therapeutic contribution of toripalimab, a PD-1 inhibitor. Although the predictive value of PD-L1 expression in prostate cancer has not yet been fully standardized, it remains an important reference index for evaluating tumor immunogenicity. TMB and MSI/MMR status are directly associated with the ability of tumors to generate neoantigens (22). Lack of such data makes it impossible to identify whether the patient belongs to a potential benefit subgroup. During treatment, the changes in the patient’s condition may be attributed to the pharmacological effects of the PD-1 inhibitor, or may be related to combination therapy, tumor heterogeneity, or individual immune status. Multiple evidence has shown that PD-1 inhibitors have limited efficacy in unselected mCRPC patients (23, 24). Meanwhile, mCRPC generally exhibits a “cold tumor” immune microenvironment, which further reduces the response rate of unselected populations to PD-1 inhibitors. Additionally, there are also several limitations on the clinical application of tumor organoids. First, standardized evaluation criteria and culture protocols are absent. Organoid culture is under the influence of tumor cell activity, cell composition, and tumor heterogeneity. For certain cancer types, such as prostate cancer (25), the low success rate hampers repeatability and reproducibility, consequently affecting high-throughput screening results. Therefore, it should unify the culture conditions and laboratory operations as soon as possible. Second, some in vivo components like fibroblasts and immune cells are lacking in tumor organoids, leading to inaccurate recapitulation of the tumor microenvironment. With the development of organoid technology, complicated organoid co-cultures with immune cells, cancer-associated fibroblasts and vasculatures have been developed, and this limitation should be overcome shortly. Additionally, drug concentrations administered to the patients differ from those of acting on tumor cells in vitro due to the pharmacokinetics after administration. To reduce in vitro-clinical discordances, future organoid models should incorporate pharmacokinetic/pharmacodynamic modeling, such as dynamic drug concentration gradients, and in vitro metabolism systems. By addressing these limitations, organoids can better bridge the gap between preclinical research and clinical practice, enabling more reliable personalized treatment decisions.

In conclusion, we described a mCRPC patient who finally obtained stable disease under the guidance of organoid-based drug screening after failure in several standard therapies. This unique case highlights that prostate cancer organoids may serve as a potential companion tool to optimize treatment options and improve treatment outcomes, thus realizing the personalized management of mCRPC patients, especially those exhausting the standard therapies.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding authors.





Ethics statement

The studies involving humans were approved by Institutional Review Board of Shanxi Province Cancer Hospital. 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. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article. Written informed consent was obtained from the participant/patient(s) for the publication of this case report.





Author contributions

FZ: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. LZ: Conceptualization, Data curation, Writing – original draft, Writing – review & editing. DP: Investigation, Supervision, Writing – original draft, Writing – review & editing. SW: Investigation, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, and/or publication of this article.




Acknowledgments

We thank to Kingbio Medical Co. Ltd. (Chongqing, China) for the contribution to organoid culture, drug sensitivity testing, and relevant culture reagents involved in this study.





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

	 Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J Clin. (2022) 72:7–33. doi: 10.3322/caac.21708


	 Cai M, Song XL, Li XA, Chen M, Guo J, Yang DH, et al. Current therapy and drug resistance in metastatic castration-resistant prostate cancer. Drug Resist Update. (2023) 68:100962. doi: 10.1016/j.drup.2023.100962


	 Veninga V, Voest EE. Tumor organoids: Opportunities and challenges to guide precision medicine. Cancer Cell. (2021) 39:1190–201. doi: 10.1016/j.ccell.2021.07.020


	 Ren X, Chen W, Yang Q, Li X, Xu L. Patient-derived cancer organoids for drug screening: Basic technology and clinical application. J Gastroenterol Hepatol. (2022) 37:1446–54. doi: 10.1111/jgh.15930


	 Waseem M, Wang BD. Organoids: an emerging precision medicine model for prostate cancer research. Int J Mol Sci. (2024) 25:1093. doi: 10.3390/ijms25021093


	 Puca L, Bareja R, Prandi D, Shaw R, Benelli M, Karthaus WR, et al. Patient derived organoids to model rare prostate cancer phenotypes. Nat Commun. (2018) 9:2404. doi: 10.1038/s41467-018-04495-z


	 Kirby M, Hirst C, Crawford ED. Characterising the castration-resistant prostate cancer population: a systematic review. Int J Clin Pract. (2011) 65:1180–92. doi: 10.1111/j.1742-1241.2011.02799.x


	 Cornford P, Bellmunt J, Bolla M, Briers E, De Santis M, Gross T, et al. EAU-ESTRO-SIOG guidelines on prostate cancer. Part II: treatment of relapsing, metastatic, and castration-resistant prostate cancer. Eur Urol. (2017) 71:630–42. doi: 10.1016/j.eururo.2016.08.002


	 Karantanos T, Corn PG, Thompson TC. Prostate cancer progression after androgen deprivation therapy: mechanisms of castrate resistance and novel therapeutic approaches. Oncogene. (2013) 32:5501–11. doi: 10.1038/onc.2013.206


	 Mateo J, McKay R, Abida W, Aggarwal R, Alumkal J, Alva A, et al. Accelerating precision medicine in metastatic prostate cancer. Nat Cancer. (2020) 1:1041–53. doi: 10.1038/s43018-020-00141-0


	 Pamarthy S, Sabaawy HE. Patient derived organoids in prostate cancer: improving therapeutic efficacy in precision medicine. Mol Cancer. (2021) 20:125. doi: 10.1186/s12943-021-01426-3


	 Choo N, Ramm S, Luu J, Winter JM, Selth LA, Dwyer AR, et al. High-throughput imaging assay for drug screening of 3D prostate cancer organoids. SLAS Discov. (2021) 26:1107–24. doi: 10.1177/24725552211020668


	 Welti J, Sharp A, Yuan W, Dolling D, Nava Rodrigues D, Figueiredo I, et al. Targeting bromodomain and extra-terminal (BET) family proteins in castration-resistant prostate cancer (CRPC). Clin Cancer Res. (2018) 24:3149–62. doi: 10.1158/1078-0432.CCR-17-3571


	 Qian H, Ali H, Karri V, Low JT, Ashley DM, Heimberger AB, et al. Beyond DNA damage response: Immunomodulatory attributes of CHEK2 in solid tumors. Oncotarget. (2025) 16:445–53. doi: 10.18632/oncotarget.28740


	 Nuhn P, De Bono JS, Fizazi K, Freedland SJ, Grilli M, Kantoff PW, et al. Update on systemic prostate cancer therapies: management of metastatic castration-resistant prostate cancer in the era of precision oncology. Eur Urol. (2019) 75:88–99. doi: 10.1016/j.eururo.2018.03.028


	 Chinese Society of Pathology, Urological Surgery Branch, Chinese Medical Association, National Center for Pathology Quality Control. Expert consensus on homologous recombination repair gene testing and variant interpretation in prostate cancer. Chin J Pathol. (2022) 51:941–9. doi: 10.3760/cma.j.cn112151-20220310-00162


	 de Bono J, Mateo J, Fizazi K, Saad F, Shore N, Sandhu S, et al. Olaparib for metastatic castration-resistant prostate cancer. N Engl J Med. (2020) 382:2091–102. doi: 10.1056/NEJMoa1911440


	 Matsubara N, Nishimura K, Kawakami S, Joung JY, Uemura H, Goto T, et al. Olaparib in patients with mCRPC with homologous recombination repair gene alterations: PROfound Asian subset analysis. Jpn J Clin Oncol. (2022) 52:441–8. doi: 10.1093/jjco/hyac015


	 Stephan C, Ralla B, Jung K. Prostate-specific antigen and other serum and urine markers in prostate cancer. Biochim Biophys Acta. (2014) 1846:99–112. doi: 10.1016/j.bbcan.2014.04.001


	 Podaza E, Kuo HH, Nguyen J, Elemento O, Martin ML. Next generation patient derived tumor organoids. Transl Res. (2022) 250:84–97. doi: 10.1016/j.trsl.2022.08.003


	 Xiang D, He A, Zhou R, Wang Y, Xiao X, Gong T, et al. PDO-based DST Consortium; Liu L, Chen YG, Gao S, Liu Y. Building consensus on the application of organoid-based drug sensitivity testing in cancer precision medicine and drug development. Theranostics. (2024) 14:3300–16. doi: 10.7150/thno.96027


	 Sun S, Liu L, Zhang J, Sun L, Shu W, Yang Z, et al. The role of neoantigens and tumor mutational burden in cancer immunotherapy: advances, mechanisms, and perspectives. J Hematol Oncol. (2025) 18:84. doi: 10.1186/s13045-025-01732-z


	 Petrylak DP, Ratta R, Matsubara N, Korbenfeld E, Gafanov R, Mourey L, et al. Pembrolizumab plus docetaxel versus docetaxel for previously treated metastatic castration-resistant prostate cancer: the randomized, double-blind, phase III KEYNOTE-921 trial. J Clin Oncol. (2025) 43:1638–49. doi: 10.1200/JCO-24-01283


	 Graff JN, Burotto M, Fong PC, Pook DW, Zurawski B, Manneh Kopp R, et al. Pembrolizumab plus enzalutamide versus placebo plus enzalutamide for chemotherapy-naive metastatic castration-resistant prostate cancer: the randomized, double-blind, phase III KEYNOTE-641 study. Ann Oncol. (2025) 36:976–87. doi: 10.1016/j.annonc.2025.05.007


	 Gao D, Vela I, Sboner A, Iaquinta PJ, Karthaus WR, Gopalan A, et al. Organoid cultures derived from patients with advanced prostate cancer. Cell. (2014) 159:176–87. doi: 10.1016/j.cell.2014.08.016







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, Zhang, Pang and Wei. 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-15-1672855-g004.jpg
Bicalutamide

Doxorubicin

Tegafur

Anlotinib +bicalutamide+ etoposide
Mitoxantrone +goserelin+abiraterone
Enzalutamide

Nab-paclitaxel+ carboplatin +apalutamide
Chidamide+lenvatinib
Abemaciclib+fulvestrants flutamide
Olaparib +abemaciclib
s-1+darolutamide

Olaparib
Olaparib+temozolomide + degarelix
Docetaxel

Etoposide

Resistant

Low sensitive Intermediate  Sensitive
sensitive

20 40 60
The inhibition rate of tumor cells (%)

High sensitive

100





OEBPS/Images/fonc-15-1672855-g001.jpg
Docetaxel+ Etoposide+

cisplatin+ bicalutamide+
Docetaxel+ leuprolide+ goserelin Bicalutamide
Bicalutamide Flutamide+ Abiraterone Abiraterone+ Abiraterone revilutamide revilutamide+ +anlotinib+ +epirubicin+
+leuprolide leuprolide +leuprolide leuprolide+olaparib +leuprolide +leuprolide toripalimab toripalimab leuprorelin
019/01 2020/11 2021/06 2022/10 2023/04 2023/08 2023/10 2023/11 2024/01 2024/03  2024/05 2024/06 2024/07 2024/09 2024/10
A A APpD A A A A ry
i 3 PD = ||PD = . SD PD SD PD Dead
oY 2 5 @ o -0
83 52 , g 5Eao
zed PSA PSA o > % ERlERELS PSA Bone Increased
2 @ increase rease | |& testing @ @ =3 decrease marrow platelet ’
infiltration counts

v
CT+MRI+
Biopsy + MRI PET-CT MRI+PET-CT MRI Bt CT+MRI
biopsy

MRI

2019/01 2023/10 2024/01 2024/03 2024/05





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1672855-g002.jpg
PSA (ng/mL) PSA (ng/mL)
7 350
653
300 296.5
250
200
83.9
150
1324
100
602 52.74 59.7
50
8.68
0
O & & & N 0O >N O
A A A S S M A
WA A A AT AT A A A A AN A A D






OEBPS/Images/fonc.2025.1672855_cover.jpg
& frontiers | Frontiers in Oncology

Case Report: Stable disease achieved in a
patient with metastatic castration-resistant
prostate cancer following personalized
treatment





OEBPS/Images/fonc-15-1672855-g003.jpg
Retroperitoneal Peritoneal Hilar lymph nodes Omental

lymph nodes mesentery lymph nodes

Lung metastasis Psoas major






