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Case Report: Genomic insights into prostate adenocarcinoma transdifferentiation to carcinosarcoma due to lineage plasticity
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In prostate cancer, it is recognized that adenocarcinoma can transdifferentiate into neuroendocrine prostate cancer (NEPC) owing to lineage plasticity; however, transdifferentiation into other histological types remains uncertain. We present a case of a patient who underwent surgery for adenocarcinoma, which later recurred as prostate carcinosarcoma. Genomic analysis revealed a TMPRSS2-ERG fusion, confirming a common clonal origin and transdifferentiation from adenocarcinoma to carcinosarcoma. Additionally, we identified a frameshift mutation in TP53 and the loss of PTEN and RB1. Transcriptome analysis revealed enriched epithelial-mesenchymal transition and immune-related pathways, a pattern distinct from both adenocarcinoma and NEPC. To our knowledge, this is the first report that comprehensively evaluated the clonal origin of the rare prostate carcinosarcoma and characterized it using genomic and transcriptomic sequencing. It enhances our understanding of prostate cancer lineage plasticity and highlights the importance of developing novel therapies specifically targeted at prostate carcinosarcoma.
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1 Introduction

Advanced prostate cancer is treated by targeting the androgen receptor (AR) pathway but eventually develops resistance to castration. The incidence of treatment-related neuroendocrine prostate cancer (t-NEPC), characterized by its independence from AR, is escalating due to the widespread use of next-generation androgen receptor signaling inhibitors (1, 2). Prostate adenocarcinoma is known to transdifferentiate into t-NEPC as a result of lineage plasticity; however, transdifferentiation into alternative histological types has rarely been reported (3–5). Here, we report the case of a patient with adenocarcinoma that recurred as prostate carcinosarcoma after surgery.

Prostate carcinosarcoma is an uncommon biphasic tumor comprised of a malignant epithelial (carcinomatous) component and a malignant mesenchymal (sarcomatous) component. Only approximately 100 cases have been documented in published studies (6). The diagnosis of prostate carcinosarcoma primarily relies on conventional histopathological evaluation and immunohistochemistry, as no molecular marker has yet demonstrated sufficient specificity to serve as a standalone diagnostic criterion. The prognosis is generally unfavorable, with median survival of 3 years (6).

Additionally, genomic analysis confirmed a shared clonal origin and indicated transdifferentiation through lineage plasticity. Transcriptome analysis revealed enriched epithelial-mesenchymal transition (EMT) and immune-related pathways.




2 Case presentation



2.1 Case presentation

A 64-year-old man with a prostate-specific antigen (PSA) level of 8.61 ng/mL and no relevant medical history underwent a prostate biopsy, which led to a diagnosis of adenocarcinoma (Gleason score 4 + 4), classified as cT2aN0M0 (Figure 1). A laparoscopic radical prostatectomy was performed, and histopathology revealed adenocarcinoma (Gleason score 4 + 5), pT3bNxMx, with positive resection margins (Figure 2A). However, 4 months postoperatively, the serum PSA increased from a postoperative nadir of 0.82 ng/mL to 6.48 ng/mL, and computed tomography (CT) revealed a local recurrence mass and metastasis in the liver, bones, and retroperitoneal area. The patient was initiated on androgen deprivation therapy (ADT) with leuprolide acetate and bicalutamide. Although the serum PSA level of the patient decreased, CT showed tumor enlargement.

[image: A timeline chart showing prostate-specific antigen (PSA) levels and liver metastasis progression over 60 months post-prostatectomy. PSA levels are in red, liver metastasis in blue. Key events include diagnosis, recurrence, local treatment, and medication changes. Arrows highlight transitions at various stages, such as LHRH agonist, DTX, CBZ, and CBDCA treatments.]
Figure 1 | Clinical course of the patient. The red line represents the PSA value, whereas the blue line depicts the longest diameter of a representative liver metastasis tumor. CBDCA, carboplatin; CBZ, cabazitaxel; DTX, docetaxel; GS, Gleason score; LHRH, luteinizing hormone-releasing hormone; LRP, laparoscopic radical prostatectomy; PSA, prostate-specific antigen; RTx, radiation therapy; TUR, transurethral resection.

[image: Histological comparison between primary adenocarcinoma and recurrent carcinosarcoma using immunohistochemistry. Panel A depicts adenocarcinoma with positive markers for AR, PSA, ERG, and negative for α-SMA and calponin. Panel B shows carcinosarcoma with negative AR, PSA, ERG, but positive α-SMA and calponin. In the lower section, both tumor types show wild type for p53 and Rb, and negative CHGA and SYP. Scale bars indicate 100 micrometers.]
Figure 2 | Histopathological findings of HE staining and immunohistochemistry staining. (A) Adenocarcinoma (primary tumor). (B) Carcinosarcoma (recurrent tumor). Scale bars indicate 100 µm. AR, androgen receptor; α-SMA, α-smooth muscle actin; CHGA, chromogranin A; ERG, ETS-related gene; HE, hematoxylin and eosin; PSA, prostate-specific antigen; SYP, synaptophysin.

The patient developed dysuria due to the enlargement of the local tumor, despite a low PSA level of 0.12 ng/mL. He underwent a transurethral resection (TUR) of the local recurrent tumor 11 months after starting ADT to alleviate voiding symptoms. Hematoxylin and eosin staining showed predominantly spindle-shaped cells with nuclear atypia and increased nuclear division, and immunostaining revealed only a few AR-positive cells, loss of PSA and ERG expression, and strong positivity for α-SMA and calponin. These morphological features and immunohistochemical findings led to a diagnosis of prostate carcinosarcoma (Figure 2B).

Immunohistochemistry staining revealed positive ERG staining in the primary tumor removed by radical prostatectomy; however, it was negative in the recurrent tumor (Figures 2A, B). Staining for p53 and Rb indicated a wild-type status in the primary tumor, but both were negative in the recurrent tumor (Figures 2A, B). Chromogranin A and synaptophysin, markers associated with NEPC, were negative in both the primary and recurrent tumor (Figures 2A, B).

After radiation therapy for local recurrence, the patient began docetaxel treatment. He showed a partial response after 10 months of docetaxel chemotherapy but experienced disease progression 13 months later due to new liver metastasis. After 21 courses of docetaxel, the patient received cabazitaxel, followed by carboplatin chemotherapy, but the disease continued to progress. The patient died from cancer progression 4 years and 9 months after the prostatectomy.

A FoundationOne CDx next-generation sequencing test was performed using the TUR specimen as a part of clinical care. The genomic findings are outlined in Table 1. The TMPRSS2–ERG gene fusion, which is specific for prostate carcinoma, was detected. Furthermore, a TP53 frameshift mutation (T253fs*11), RB1 exon12–17 loss, and PTEN loss—key genomic alterations associated with lineage plasticity leading to transdifferentiation of prostate adenocarcinoma to NEPC—were identified. Furthermore, RNA sequencing of the TUR specimens was conducted and compared with sequence data from castration-resistant prostate cancer-adenocarcinomas (CRPC-Adeno) and NEPCs reported previously (7). Hierarchical clustering analysis revealed that the present case was classified quite differently from both CRPC-Adeno and NEPC (Figure 3). ssGSEA showed that the EMT pathway and immune-related pathways were enriched in this case compared with CRPC-Adeno and NEPCs (Figure 4). Indeed, EMT-related genes (ITGA5 and ILK) and immune-related genes, particularly those associated with tumor-associated macrophages (TAMs) like CD68, MIF, and IL1β, were remarkably highly expressed in this case (Figure 5) (8–10).


Table 1 | Genomic findings of the carcinosarcoma using FoundationOne CDx.
	MSI status
	Stable



	TMB
	3 mutations/Mb


	TMPRSS2
	TMPRSS2-ERG fusion


	RICTOR
	amplification


	PTEN
	loss


	RB1
	loss exons 12-17


	TP53
	T253fs*11


	NTRK1
	G595R


	PALB2
	Q460R





MSI, microsatellite instability; TMB, tumor mutation burden.



[image: Heatmap titled “Heatmap high variance” displaying gene expression data with a color scale from red to green indicating row Z-scores. Rows represent genes and columns represent samples including carcinomas, CRPC-Asenos, and NEPCs. A dendrogram above clusters the samples. The top left corner shows a color scale histogram, and colored boxes at the bottom label sample groups: CRPC-Adeno (yellow) and NEPC (blue).]
Figure 3 | Unsupervised clustering of transcriptome data. Unsupervised clustering of transcriptome data from the carcinosarcoma (this case), CRPC-Adeno, and NEPCs using the 850 genes with the highest variance. CRPC-Adeno, castration-resistant prostate cancer-adenocarcinoma; NEPC, neuroendocrine prostate cancer.

[image: Heatmap titled “ssGSEA_Hallmark_Gene_Set” showing gene expression levels across different samples. Rows represent gene sets, and columns represent sample types like carcinosarcoma and NEPC subtypes. Colors range from red (upregulation) to purple (downregulation). Gene sets include “INTERFERON_GAMMA_RESPONSE” and “KRAS_SIGNALING_UP”.]
Figure 4 | Heatmap of single-sample gene set enrichment analysis scores. Heatmap of single-sample gene set enrichment analysis scores for the hallmark gene set in the carcinosarcoma (this case), CRPC-Adeno, and NEPCs. The green line represents the EMT pathway, whereas the red line represents the immune-related pathways. CRPC-Adeno, castration-resistant prostate cancer-adenocarcinoma; NEPC, neuroendocrine prostate cancer.

[image: Five violin plots (A-E) showing gene expression levels for ITGA5, ILK, CD68, MIF, and IL1β across carcinoma-sarcoma, CRPC-adeno, and NEPC types. Each plot illustrates expression levels in log CPM, with distinct distribution patterns for each gene type.]
Figure 5 | Bar plots comparing the expression of key EMT and immune-related genes in carcinosarcoma (this case), CRPC-Adeno, and NEPC. (A) ITGA5. (B) ILK. (C) CD68. (D) MIF. (E) IL1ß. CRPC-Adeno, castration-resistant prostate cancer-adenocarcinoma; EMT, epithelial-mesenchymal transition; IL1β, interleukin-1β; ILK, integrin-linked kinase; ITGA5, integrin subunit alpha 5; MIF, macrophage migration inhibitory factor; NEPC, neuroendocrine prostate cancer.




2.2 Methods

Immunohistochemistry staining was performed on formalin-fixed, paraffin-embedded tissues using primary antibodies for AR (5153, Cell Signaling Technology, Danvers, MA), PSA (IS 514, Dako, Carpinteria, CA), ERG (ab92513, Abcam, Cambridge, UK), α-SMA (M0851, DAKO), calponin (M3556, DAKO), p53 (NCL-L-p53-DO7, Leica Biosystems, Buffalo Grove, IL), Rb (ab25124, Abcam), chromogranin A (LK2H10, Roche, Indianapolis, IN), and synaptophysin (A0010, DAKO). Immunohistochemical staining for AR, PSA, α-SMA, p53, Rb, and synaptophysin was performed using the avidin-biotin-peroxidase complex method, with biotinylated anti-mouse IgG antibody (dilution at 1:300; BA-2000-1.5, Vector Laboratories, Burlingame, CA, USA) and biotinylated anti-rabbit IgG antibody (dilution at 1:300; BA-1000-1.5, Vector Laboratories). Staining for ERG, calponin, and chromogranin A was automatically performed using the BenchMark ULTRA PLUS system (Roche). For antigen retrieval, citrate buffer (pH 6.0), trypsin (pH 7.5), or ULTRA Cell Conditioning Solution 1 (pH 8.5, 950-224, Roche) was used, as appropriate for each antibody. External positive control slides were not used except for Rb, as immunostaining for AR, PSA, ERG, α-SMA, calponin, p53, chromogranin A, and synaptophysin was performed using well-established protocols that have consistently produced reliable and reproducible results. Human spleen tissue was used as the external positive control for Rb immunohistochemical staining. Table 2 summarizes the specific immunohistochemical staining conditions for each antibody.


Table 2 | The specific immunohistochemical staining conditions for each antibody.
	Antibody
	Method
	Dilution
	Antigen retrieval solution
	Incubation time
	Incubation temperature



	AR
	ABC
	1:400
	Citrate buffer
	overnight
	4°C


	PSA
	ABC
	1:1
	Citrate buffer
	overnight
	4°C


	ERG
	automated
	1:100
	ULTRA CC1
	32 minutes
	37°C


	α-SMA
	ABC
	1:100
	None
	overnight
	4°C


	calponin
	automated
	1:50
	ULTRA CC1
	32 minutes
	37°C


	p53
	ABC
	1:50
	Citrate buffer
	overnight
	4°C


	Rb
	ABC
	1:400
	Citrate buffer
	overnight
	4°C


	CHGA
	automated
	1:1
	ULTRA CC1
	32 minutes
	37°C


	SYP
	ABC
	1:50
	Trypsin
	overnight
	4°C





ABC, avidin-biotin-peroxidase complex; AR, androgen receptor; α-SMA, α-smooth muscle actin; CHGA, chromogranin A; ERG, ETS-related gene; PSA, prostate-specific antigen4; SYP, synaptophysin; ULTRA CC1, ULTRA Cell Conditioning Solution 1.



Somatic genomics alterations were obtained using a FoundationOne CDx next-generation sequencing test as a part of the standard clinical practice (11). Total RNA was extracted from fresh frozen tissue using the RNeasy Mini Kit (Qiagen, Hilden, Germany). RNA sequencing was performed using the TruSeq Stranded mRNA Library Prep Kit (Illumina, San Diego, CA, USA) on a NovaSeq 6000 with paired-end reads of 100 bp. Raw FASTQ files were subjected to quality control using FastQC(v0.11.9), followed by adapter and quality trimming using fastp(v0.23.4). Trimmed reads were aligned to the human reference genome (GRCh38, Ensembl) using STAR (v2.7.11a). Transcript quantification was performed with RSEM (v1.3.3) using the same reference. The reference genome (FASTA) and gene annotation (GTF) files were obtained from Ensembl. Single-sample gene set enrichment analysis (ssGSEA) was performed using the calculate_sig_score_ssgsea function in the IOBR R package (v0.99.8), which is a wrapper for the gsva function from the GSVA package (v1.50.5). Hallmark gene sets were obtained from MSigDB (v2023.1). All analyses were conducted in R (v4.3.3). ssGSEA scores were Z-score normalized across samples, and heatmaps were visualized using the ComplexHeatmap package (v2.18.0).

Tissue sampling and genetic analysis were conducted with the appropriate informed consent in accordance with protocols approved by the Institutional Review Board at Kyoto University Hospital (approval number G52). The investigators obtained informed consent from the family to publish the patient’s information and images.





3 Discussion

In prostate cancer, lineage plasticity primarily leads to the transdifferentiation from adenocarcinoma to NEPC. The acquisition of lineage plasticity has been linked to the loss of tumor suppressor genes, including TP53, RB1, and PTEN (12, 13). However, the mechanisms behind lineage plasticity have not been fully elucidated, and transdifferentiation into alternative histological types has not been reported (4). Prostate carcinosarcoma is an exceptionally rare variant of prostate cancer with an unfavorable prognosis (14). Confirming the prostatic origin of prostate carcinosarcoma is challenging when it does not coexist with conventional adenocarcinoma.

In the present study, TMPRSS2-ERG gene fusion was identified through genomic testing, and the carcinosarcoma was confirmed to originate from prostate adenocarcinoma. This is the first report to use genomic sequence analysis to demonstrate TMPRSS2-ERG fusion in prostate carcinosarcoma, although a previous report identified ERG gene fusion in prostate carcinosarcoma using fluorescence in situ hybridization (15). Similar to reports on small cell carcinoma of the prostate with ERG rearrangements, ERG staining was positive in adenocarcinoma expressing AR but negative in carcinosarcoma lacking AR expression (16), supporting phenotypic transdifferentiation of cell lineage from adenocarcinoma.

Genomic analysis of the recurrent tumor revealed a truncating mutation in TP53 and the loss of PTEN and RB1, representing key genomic alterations associated with lineage plasticity. Immunohistochemistry staining showed the absence of p53 and Rb in the recurrent tumor. These findings suggest that adenocarcinoma underwent transdifferentiation into carcinosarcoma through lineage plasticity.

In transcriptome analysis, carcinosarcoma was classified completely differently from NEPC, despite both undergoing common genomic changes and involving lineage plasticity. Further research is necessary to understand why NEPC and carcinosarcoma, which share genomic alterations, develop into entirely different tumors. The EMT pathway and immune-related pathway were enriched in the carcinosarcoma. Carcinosarcomas are predominantly observed in female reproductive organs, specifically the uterus and ovaries (5). In ovarian carcinosarcoma, the sarcomatous component is reported to originate from the carcinomatous components through EMT processes (17). During EMT, cancer cells exhibit plasticity regulated by epigenetic mechanisms (18). Carcinosarcomas are recognized as tumors closely associated with lineage plasticity through EMT (5). Moreover, TAMs play a crucial role in the progression of EMT in tumor cells through their interactions, potentially influencing the transition to carcinosarcoma (8).

Prostate carcinosarcoma lacks a standardized systemic treatment and typically carries a poor prognosis. In the present case, docetaxel initially suppressed tumor growth for approximately one year, but subsequent chemotherapies were ineffective. This underscores the critical need for novel treatments for prostate carcinosarcoma.

In ovarian carcinosarcoma, targeting EMT with eribulin has been reported to enhance sensitivity to immune therapy (17). In sarcomas and carcinosarcomas in general, immunotherapy is emerging as a promising approach for future treatment strategies (19–21). Furthermore, targeting TAMs, which play a role in immunosuppression during tumor development, represents another potential therapeutic avenue (21).

In conclusion, this case represents the first documented instance of prostate carcinosarcoma conclusively shown to originate from adenocarcinoma through genomic analysis. This report significantly enhances our understanding of prostate cancer lineage plasticity and the importance of developing novel therapies specifically targeted at prostate carcinosarcoma.
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Antigen Incubation Incubation

(ARl e retrieval solution time temperature
AR ABC 1:400 Citrate buffer overnight 4°C
PSA ABC 1:1 Citrate buffer overnight 4°C
ERG automated 1:100 ULTRA CC1 32 minutes 37°C
o-SMA ABC 1:100 None overnight 4°C
calponin automated 1:50 ULTRA CC1 32 minutes 37c
p53 ABC 1:50 Citrate buffer overnight 1C
Rb ABC 1:400 Citrate buffer overnight 4°C
CHGA automated L1 ULTRA CC1 32 minutes 37°C
SYP ABC 1:50 Trypsin overnight 4°C

ABC, avidin-biotin-peroxidase complex; AR, androgen receptor; 0-SMA, ¢-smooth muscle actin; CHGA, chromogranin A; ERG, ETS-related gene; PSA, prostate-specific antigend; SYP,
synaptophysin; ULTRA CC1, ULTRA Cell Conditioning Solution 1.
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TMB 3 mutations/Mb
TMPRSS2 TMPRSS2-ERG fusion
RICTOR amplification

PTEN loss

RBI loss exons 12-17
TP53 T253fs*11

NTRK1 G595R

PALB2 Q460R

MSI, microsatellite instability; TMB, tumor mutation burden.
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