

[image: Cover: Durable response of primary cardiac lymphoma after autologous stem cell transplantation and sequential CAR-T therapy: a case report and literature review]




  

Table of Contents

  
    	Cover

    	Durable response of primary cardiac lymphoma after autologous stem cell transplantation and sequential CAR-T therapy: a case report and literature review 
    
      	Introduction

      	Case presentation

      	Discussion

      	Conclusion

      	Data availability statement

      	Ethics statement

      	Author contributions

      	Funding

      	Conflict of interest

      	Generative AI statement

      	Supplementary material

      	References

    


  

Landmarks

  
    	Cover

    	Table of Contents

    	Start of Content


  


Print Page List

  
    	 Page 01. 

    	 Page 02. 

    	 Page 03. 

    	 Page 04. 

    	 Page 05. 

    	 Page 06. 

    	 Page 07. 

    	 Page 08. 

  




CASE REPORT

published: 28 August 2025

doi: 10.3389/fimmu.2025.1581654

[image: Frontiers: Stamp Date]


Durable response of primary cardiac lymphoma after autologous stem cell transplantation and sequential CAR-T therapy: a case report and literature review


Ge Wang 1, Xiaoxi Zhou 2,3, Pengcheng Wang 4*,† and Zekai Mao 2,3*,†


1Department of Gastroenterology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China, 2Department of Hematology, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China, 3Immunotherapy Research Center for Hematologic Diseases of Hubei Province, Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, China, 4Emergency Center, Hubei Clinical Research Center for Emergency and Resuscitation, Zhongnan Hospital of Wuhan University, Wuhan, China




Edited by:
Carmelo Caldarella, Fondazione Policlinico Universitario A. Gemelli IRCCS, Italy

Reviewed by:
Pouya Safarzadeh Kozani, Tarbiat Modares University, Iran
Stella Bouziana, King’s College Hospital NHS Foundation Trust, United Kingdom

*Correspondence: 

Pengcheng Wang
 dtzy8912@whu.edu.cn 

Zekai Mao
 maozk0323@163.com

†These authors have contributed equally to this work


Received: 22 February 2025

Accepted: 01 August 2025

Published: 28 August 2025

Citation:
Wang G, Zhou X, Wang P and Mao Z (2025) Durable response of primary cardiac lymphoma after autologous stem cell transplantation and sequential CAR-T therapy: a case report and literature review. Front. Immunol. 16:1581654. doi: 10.3389/fimmu.2025.1581654



Primary cardiac lymphoma (PCL), an exceedingly rare and aggressive extranodal lymphoma confined to the heart and/or pericardium, poses significant diagnostic and therapeutic challenges with a historically dismal prognosis. We present the first documented case of PCL achieving sustained complete response (CR) through a novel therapeutic approach combining autologous hematopoietic stem cell transplantation (ASCT) with sequential tandem CD19/20 CAR-T therapy. A 55-year-old female presented with chest tightness and pericardial effusion in April 2023. The diagnostic process involved multiple modalities and analyses, culminating in a diagnosis via CT-guided mediastinal lymph node biopsy. The patient underwent several chemotherapy regimens, including combinations of rituximab and polatuzumab vedotin, R-CHOP, Pola-R-CHP, and Pola-R-DA-EPOCH, which led to symptom relief and partial response. Subsequently, ASCT was performed, followed by sequential tandem CD19/20 CAR-T therapy. As a maintenance treatment, the PD-1 inhibitor sintilimab was administered approximately every two months. The patient achieved CR at month 3 and maintained CR for one year following the CAR-T infusion. Following CAR-T therapy, the patient developed immune effector cell-associated hematologic toxicity, which was managed with granulocyte colony-stimulating factor injection and supportive care. This case illustrates the difficulties in diagnosing and treating PCL. Through the combination of ASCT and sequential tandem CD19/20 CAR-T therapy, the patient achieved sustained CR with manageable toxicity. This case demonstrates the feasibility, safety, and potential efficacy of this combination strategy in treating high-risk lymphoma. Moreover, we propose a structured algorithm that may help optimize the clinical implementation of CAR-T therapy in similar cases. Continued follow-up and broader studies are warranted to validate these findings.
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Introduction

Primary cardiac tumors are extremely rare, with an incidence of approximately 0.001%–0.03% in the general population. The majority are benign, whereas approximately 25% are malignant, including sarcomas, mesotheliomas, and primary cardiac lymphomas (1). Cardiac lymphoma represents a rare subset of extranodal lymphomas, typically diagnosed incidentally or during evaluation for nonspecific cardiac symptoms. Compared with secondary cardiac lymphoma (SCL), primary cardiac lymphoma (PCL) is exceedingly rare, contributing to the diagnostic complexity in diagnosis and urgency in treatment (2). Here, we present the first documented case of PCL achieving sustained complete response (CR) through a novel therapeutic approach combining autologous hematopoietic stem cell transplantation (ASCT) with sequential tandem CD19/20 chimeric antigen receptor T-cell (CAR-T) therapy.





Case presentation

A 55-year-old woman presented to Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, in April 2023 with intermittent chest tightness persisting for one month. She had no significant past medical history and denied smoking, alcohol use, or a family history of malignancy or cardiovascular disease. At symptom onset, she experienced nocturnal chest tightness, worsened by back pain, referred pain in both shoulders, and episodes of nausea and vomiting, especially during severe attacks. She denied fever, cough, headache, dizziness, abdominal pain, or bloating. Physical examination revealed a weight of 55 kg, a height of 158 cm, and a heart rate of 120 bpm. No other abnormal findings were observed. Laboratory tests revealed elevated levels of high-sensitivity troponin (0.03 ng/mL), N-terminal pro-B-type natriuretic peptide (NT-proBNP, 723 pg/mL), erythrocyte sedimentation rate (40 mm/h), and C-reactive protein (10.78 mg/L), with no obvious abnormalities in routine blood tests, thyroid function, or tumor markers. A T-spot test was performed to exclude infection with Mycobacterium tuberculosis, and the result was negative. Electrocardiogram (ECG) showed sinus tachycardia, and coronary computed tomography (CT) angiography showed no stenosis. Chest CT showed pericardial effusion and enlarged mediastinal lymph nodes. Echocardiography demonstrated significant pericardial effusion involving various cardiac walls, with thicknesses measuring 21 mm in the left ventricular posterior wall, 9 mm in the right ventricular anterior wall, 7 mm in the apex, 20 mm in the left ventricular lateral wall, and 21 mm in the right atrial wall. Assessment of cardiac function revealed a left ventricular ejection fraction (EF) of 65% and increased left ventricular end-diastolic pressure.

Diagnostic pericardiocentesis and subsequent drainage of pericardial effusion were performed at a local hospital in Henan Province on 6 and 13 April, respectively. Given normal levels of adenosine deaminase and tumor markers in the pericardial fluid, along with the absence of notable abnormalities in fluid biochemistry and exfoliative cytology, the exact cause of the pericardial effusion remained elusive. Initially suspected to be tuberculosis, the patient was started on anti-tuberculosis treatment. Follow-up echocardiography on 22 April showed a marked reduction in the thickness of the pericardial effusion.

However, one week later, the pericardial effusion increased, and the patient again experienced chest tightness. Cardiovascular magnetic resonance (CMR) revealed pericardial thickening with heterogeneous enhancement, diffuse abnormal signals in the left and right ventricular myocardium, pericardial effusion, and a small left-sided pleural effusion. A positron emission tomography-computed tomography (PET-CT) on 3 May identified metabolically active soft tissue densities in the pericardial and mediastinal areas (SUVmax 18.9), suggesting malignancy. Multiple enlarged lymph nodes with high metabolic activity were evident, particularly in mediastinal zones 2 through 6 (size 1.8 cm ∗ 2.2 cm, SUVmax 16.2). However, subsequent fiberoptic bronchoscopy, alveolar lavage, and transbronchial lung biopsy yielded negative results. Consecutive examinations of exfoliative cytology from pericardiocentesis and drainage of pericardial effusion also showed no evidence of malignancy. With administration of anti-tuberculosis treatment and diuretics, the patient’s chest tightness initially improved but soon worsened due to increasing pleural effusion, measuring 71 mm on the left side and 64 mm on the right. The patient was referred to a hospital in Beijing for further diagnosis and treatment in June. Diagnostic thoracentesis and drainage of the pleural effusion were performed, indicating transudate with negative culture results and negative GeneXpert MTB/RIF assay result, an automated molecular test for Mycobacterium tuberculosis (MTB) and rifampin (RIF) resistance (3). Flow cytometry results identified suspicious abnormal clonal B-cells, characterized by positive expression of CD45, CD19, CD20, CD5, CD38, CD22, Bcl-2, and Ki-67 (positive in 78.5% of cells), and negative expression of CD2, CD3, CD4, CD7, CD8, CD30, kappa, lambda, cytoplasmic IgM, and CD79b. Contrast-enhanced chest CT performed on 12 June showed multiple soft tissue densities in the mediastinum, bilateral hilar zones, peri-aortic and pulmonary artery regions, pericardium, and increased pleural and pericardial effusions, suggesting disease progression and malignancy. A CT-guided mediastinal lymph node biopsy was performed following a multidisciplinary team (MDT) discussion. The biopsy findings, along with immunohistochemical analysis, revealed a predominance of B-cell markers (CK (–), Vimentin(−), LCA(+), CD5(+), CD117(−), TdT(−), TTF-1(−), P40(−), CD20(+), CgA(−), Syn(−), CD56(−), CD1a(−), CD3(−), PAX-5(+), MuM1(+), Bcl6(+), CD10(−), C-MYC(20%+), BCL2(SP66)(+), Ki-67[positive in 90% of cells]), confirming the diagnosis of non-Hodgkin’s lymphoma (Figure 1A). The result was consistent with diffuse large B-cell lymphoma (DLBCL), non-germinal center B-cell-like (non-GCB) subtype, according to the 2015 World Health Organization (WHO) Classification of Cardiac and Pericardial Tumors (4). Upon diagnosis, the patient was promptly transferred back to Tongji Hospital for continued management on 6 July 2023. The pathological diagnosis was independently confirmed by the Department of Pathology, Tongji Hospital, using both hematoxylin–eosin staining and comprehensive immunohistochemistry. Fluorescence in situ hybridization analysis revealed no rearrangements of the BCL6, BCL2, or c-MYC genes, and no deletion of the TP53 gene was observed. The patient denied any neurological symptoms, and head magnetic resonance imaging showed no abnormalities.
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Figure 1 | The pathology of primary lymphoma and changes in cardiac indicators after the first chemotherapy. (A) the pathology of primary lymphoma, the biopsy was from mediastinal lymph node puncture. (B) changes of levels of NT-proBNP and troponin before and after first chemotherapy in this case. (C) changes of ECG and echocardiography after the first chemotherapy. AVB, atrioventricular block; EF, Ejection Fractions; TB, tuberculosis; DLBCL, diffuse large B-cell lymphoma.

Given the patient’s severe cardiac symptoms at presentation and potential intolerance to standard-intensity chemotherapy, she was started on a first-line regimen combining cyclophosphamide (200 mg iv drip d1, 400 mg iv drip d2–4), rituximab (600 mg iv drip d4), polatuzumab vedotin (Pola, 90 mg iv drip d6), and dexamethasone (15 mg iv drip d1–5) on 7 July. This stepwise therapy led to temporary symptom relief and a reduction in pericardial effusion. Additionally, the patient’s myocardial injury biomarkers, cardiac function, and arrhythmias improved rapidly, with EF increasing from 47% to 60% (Figures 1B, C). The patient received two cycles of R-CHOP (rituximab 600 mg d1, cyclophosphamide 1,000 mg d2, liposomal adriamycin 40 mg d3, vincristine 4 mg d4, dexamethasone 15 mg d1–6) started from 29 July to 25 August, followed by Pola-R-CHP (rituximab 600 mg iv drip d1, Pola 90 mg iv drip d2, cyclophosphamide 1,000 mg iv drip d3, doxorubicin 50 mg iv drip d3, dexamethasone 15 mg d3–7) therapy from 25 September. Subsequently, she received intensive immunochemotherapy—Pola-R-DA-EPOCH chemotherapy (rituximab 600 mg iv drip d1, Pola 90 mg iv drip d2, etoposide 70 mg iv drip d3–6, doxorubicin 20 mg iv drip d3–6, dexamethasone 15 mg bid d3–7, cyclophosphamide 1,000 mg iv drip d7)—from 17 October to prepare for stem cell mobilization. Hematopoietic stem cells were collected successfully. Imaging evaluation showed that the patient achieved a partial response after chemotherapy. These chemotherapy regimens were well tolerated. However, chest CT performed on 15 September revealed a pulmonary infection, and pathogen screening identified Pneumocystis jirovecii. After treatment with trimethoprim-sulfamethoxazole and micafungin, P. jirovecii nucleic acid turned negative, and subsequent chest CT showed improvement. Following Pola-R-CHP treatment, the patient developed bone marrow suppression and high fever, which improved after granulocyte colony-stimulating factor (G-CSF) therapy and anti-infective treatment. On 21 November, she received another cycle of rituximab combined with polatuzumab vedotin as bridging treatment.

To continue treatment for PCL, the patient was enrolled in an investigator-initiated trial (IIT) study as second-line therapy conducted by Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. The study was approved by the Institutional Review Board of Tongji Hospital and registered with the Chinese Clinical Trial Registry (registration number NCT05618041). Informed consent was obtained after detailed discussion with the patient regarding risks and expected outcomes. Briefly, following T-cell apheresis on 20 November 2023, ASCT was performed on 23 December, followed three days later by sequential autologous tandem CD19/20 CAR-T therapy. This optimized hinge tandem CAR targeting CD19 and CD20, incorporating both CD28 and 4-1BB co-stimulatory domains. Following CAR-T therapy, the patient developed immune effector cell-associated hematologic toxicity, which was successfully managed with G-CSF and supportive care. Notably, no cytokine release syndrome (CRS), immune effector cell-associated neurotoxicity syndrome (ICANS), severe infections, or other complications were observed.

The PD-1 inhibitor sintilimab was administered approximately every two months as maintenance therapy for one year following CAR-T cell infusion (Figure 2A) (5). In vivo expansion of CAR-T cells was assessed by droplet digital polymerase chain reaction and flow cytometry, both of which demonstrated robust post-infusion expansion (Figures 2B, C). PET-CT evaluation in March 2024 confirmed that the patient had achieved CR with a Deauville score of 3. The patient showed resolution of symptoms. To date, the patient has survived for approximately two years since the onset of PCL and has maintained CR (Deauville score of 1 in December 2024) for 1 year since receiving the CAR-T infusion (Figure 3). She continues to undergo follow-up every 3 months. No severe infections or other adverse events occurred during maintenance therapy.
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Figure 2 | The timeline of the clinical treatment and evaluation of in vivo expansion of CAR-T cells. (A) the timeline of the clinical treatment. (B) CAR-T DNA copies were assessed by droplet digital polymerase chain reaction. (C) CAR-T cells were assessed by flow cytometry. R-CHOP (rituximab, cyclophosphamide, liposomal adriamycin, vincristine, dexamethasone); Pola-R-DA-EPOCH (polatuzumab, rituximab, etoposide, dexamethasone, cyclophosphamide, doxorubicin); Pola-R-CHP (polatuzumab, rituximab, cyclophosphamide, doxorubicin, dexamethasone. CAR-T, chimeric antigen receptor T-cell.

[image: Four PET scans showing the progression of a tumor over time, dated May 3, 2023, October 17, 2023, March 14, 2024, and December 26, 2024. Red arrows indicate the tumor in each scan, highlighting changes in size and appearance.]
Figure 3 | PET-CT evaluation of PCL. The arrow indicates the lesion. PET-CT, Positron Emission Tomography-Computed Tomography; PCL, primary cardiac lymphoma.





Discussion

PCL is defined as lymphoma lesions involving only the heart and pericardium, large tumor masses identified at initial diagnosis, or main lesions located in the heart, with cardiac symptoms caused by myocardial infiltration of the lymphoma as the primary manifestation, which may be accompanied by metastatic features such as enlarged mediastinal lymph nodes and pleural effusion (4, 6). Compared to SCL, which occurs in approximately 25% of diffuse lymphomas, PCL accounts for less than 2% of all primary cardiac malignancies and approximately 0.5% of extranodal lymphomas (2). Historically, most PCL cases are of B-cell lineage, especially DLBCL. Follicular lymphoma, Burkitt lymphoma, and T-cell lineage PCL are sporadic. Currently, most reports on PCL are limited to individual case studies. PCL can occur at any age (ranging from 12 years to 86 years) and affects males more than females, with a male-to-female ratio of 2:1 (2). PCL can affect any part of the heart, with the most commonly involved sites being the right atrium, followed by the pericardium, right ventricle, left atrium, and left ventricle (2, 4). Epicardial and pericardial infiltration with pericardial effusion, as observed in our case, is typical. The clinical manifestations of PCL are nonspecific and largely depend on the location and progression of the lesion. Common clinical symptoms include dyspnea, congestive heart failure, precordial pain, arrhythmia, myocardial infarction, cardiac tamponade, and superior vena cava syndrome (7). Diagnosing PCL poses significant challenges due to its rarity and the nonspecific nature of its clinical presentation. The condition often mimics other cardiac pathologies, leading to potential delays in accurate diagnosis. Especially when pericardial effusion is the primary manifestation, it is essential to differentiate it not only from benign causes such as tuberculosis, viral infections, connective tissue diseases, hypothyroidism, and benign primary cardiac neoplasms, but also from other malignancies (2). In our case, symptoms such as chest tightness and back pain were initially suggestive of more common cardiovascular or musculoskeletal disorders. The diagnostic process was further complicated by the need to rule out infectious causes such as tuberculosis, which mimicked lymphoma and other tumors in clinical presentations and imaging findings of multiple serous cavity effusions.

ECG is limited in the detection of cardiac tumors. Echocardiography and CT scans can objectively reveal masses, pericardial effusion, pleural effusion, pericardial thickening or enlarged mediastinal lymph nodes; however, commonly non-specific findings (8). Advanced imaging techniques, including CMR and PET-CT, can clearly reveal the size, number, and location of lesions, which helps guide biopsy planning and determine the extent of surgery. However, the definitive diagnosis of PCL still relies primarily on histopathological and immunohistochemical analyses. Approximately half of PCL cases are diagnosed through open-chest surgical biopsy, while about one-third are confirmed via percutaneous biopsy. Samples are typically obtained from the tumor mass, lymph nodes, pericardium, and myocardium (1, 7, 9). Pericardiocentesis is a minimally invasive and clinically accessible method for obtaining cytological confirmation of lymphoma. However, its diagnostic yield is relatively low, often requiring multiple attempts. In contrast, direct biopsy or surgical intervention of intracardiac lesions carries a higher risk. In this case, centrifugation of pericardial fluid combined with the cell block (CB) technique may enhance the detection of lymphoma cells.

Due to its rarity and diagnostic challenges, the optimal treatment, maintenance, and consolidation strategies for PCL remain to be established. Current therapies are often adapted from treatment regimens for other lymphoma subtypes (6, 9). Treatment options for patients with PCL include chemotherapy, surgery, and ASCT, variably combined with radiotherapy. Chemotherapy is generally the first-line treatment, typically based on regimens for other types of lymphoma. CHOP is currently the most widely used chemotherapy regimen. Rituximab, a CD20 monoclonal antibody, is commonly added to the CHOP regimen to improve overall survival in CD20-positive patients with PCL. EPOCH and HO (doxorubicin, vincristine) have also been reported in the treatment of PCL. Approximately 80% of patients with PCL demonstrate a response to chemotherapy. Approximately 44.6% of patients with PCL and right heart obstruction undergo palliative tumor resection, which has not been shown to significantly improve survival (6, 9). However, when tumor obstruction leads to superior vena cava syndrome or cardiac rupture, emergency surgical intervention may offer a chance to save the patient’s life (10).

Due to its high aggressiveness, the prognosis of PCL is extremely poor (2). Early diagnosis of PCL is challenging, and many patients present with large tumor masses at initial detection. Common causes of death include cardiac rupture, massive pulmonary embolism, heart failure, and arrhythmia. An early epidemiological study enrolled 150 cases of PCL from 1973 to 2011 demonstrated that 1-, 3-, and 5-year survival rates were 59%, 41%, and 34%, respectively (11). A more recent study reviewed 121 cases of PCL reported in domestic and international literature from 2014 to 2024. The results showed that untreated patients had a median survival of less than one week. Among patients who received chemotherapy alone, 18.2% had died, with a median survival of 6 months, while 81.8% were alive with a median follow-up of 7 months. Among the 24 patients who underwent both surgery and chemotherapy, 7 died within one month, while 17 survived, with a median follow-up of 11 months. ASCT has only been reported in individual cases of PCL, with most demonstrating short-term efficacy (9). Only one report described ASCT, following palliative resection and chemotherapy, achieving sustained CR in a patient with DLBCL and right atrial involvement, who remained in CR at 1-year follow-up (12).

For PCL, early intervention is essential to alleviate symptoms and reduce the risk of fatal outcomes. Nevertheless, many patients exhibit poor tolerance to standard-dose chemotherapy, particularly regimens containing anthracyclines, which are known for their cardiotoxicity. In certain cases, dose reductions of chemotherapy agents such as cyclophosphamide and adriamycin are recommended to minimize cardiotoxic complications (13, 14). In this case, the patient was treated with a targeted combination chemotherapy regimen containing Pola, which is a novel antibody–drug conjugate (ADC) primarily used for the treatment of relapsed or refractory diffuse large B-cell lymphoma. Studies have shown that Pola demonstrates superior efficacy and tolerability compared to traditional chemotherapy (15). Pola functions by delivering cytotoxic agents directly to malignant B cells, thereby enhancing antitumor activity while minimizing off-target effects, including cardiotoxicity (15).

CAR-T therapy has brought transformative advancements in the treatment of B-cell lymphomas, overcoming limitations of ASCT, including its suboptimal efficacy and high relapse rate in relapsed or refractory DLBCL (16, 17). However, clinical trials often exclude lymphomas involving the heart; thus, the safety and efficacy of CAR-T therapy for cardiac lymphomas remain unknown. To our knowledge, fewer than 10 reported cases of CAR-T therapy for cardiac lymphoma have been reported, most of which involved SCL, with the first reported in 2020 (18–21). The CARTCO (NCT05130489) study conducted at University College London Hospital described the feasibility of CAR-T therapy in four cases of cardiac lymphoma; however, it did not distinguish between PCL and SCL. Three cases achieved PR at months 3–6, and 1 achieved CR at month 3 of follow-up with CAR-T therapy (21). While cardiotoxicity was reported in all four cases, no fatalities were attributed to it. Common cardiac toxicities following CAR-T therapy include hypotension, left ventricular systolic dysfunction, arrhythmias, and biomarker abnormalities (22, 23). The severity of CRS may be associated with the occurrence or exacerbation of cardiac complications (24). The underlying pathophysiologic mechanism remains unclear and is thought to involve systemic inflammatory response-mediated effects on the myocardium and cardiac conduction system (19, 22, 23, 25). Although CAR-T therapy has cardiotoxic adverse effects, emerging reports in recent years have described its use for lymphomas with coexisting cardiomyopathy, including cases beyond SCL, suggesting the feasibility of CAR-T therapy for treating lymphomas involving the heart (18–21).

Building on our center’s experience with ASCT and sequential CAR-T therapy for refractory or relapsed aggressive B-cell non-Hodgkin lymphoma, we report for the first time the successful application of tandem CD19/20 CAR-T therapy combined with ASCT in the treatment of PCL. Our previous studies showed that this treatment strategy demonstrated higher response rates, progression-free survival, and overall survival compared to CAR-T therapy alone, particularly in high-risk subtypes of B-NHL (26, 27).

The combination treatment led the patient to achieve CR at month 3 and maintain sustained CR for over one year, with an overall survival of approximately two years since the onset of PCL. Although current studies suggest that most patients with PCL, including the present case, are sensitive to chemotherapy, it is associated with significant cumulative toxicity, and sustained long-term remission is rarely reported (9, 28). Surgical intervention has not been shown to prolong survival and may contribute to poor outcomes, including increased risks of metastasis and mortality (29, 30). Reports on patients receiving ASCT are limited, with most failing to demonstrate durable efficacy (31). Likewise, individual cases of CAR-T therapy for cardiac lymphoma have not shown evidence of long-term remission (20, 21). These findings highlight the potential of combining ASCT with tandem CD19/20 CAR-T therapy as a promising treatment strategy for achieving durable remission in patients with high-risk PCL, warranting further investigation in larger studies.

The synergistic effect of ASCT and sequential CAR-T therapy may be attributed to immune reconstitution induced by ASCT, which potentially promotes a favorable cytokine milieu that enhances T-cell trafficking, facilitates the recruitment of innate immune cells, and suppresses immunosuppressive components within the tumor microenvironment (27, 32, 33). We found that using ADC drugs such as Pola for bridging therapy not only effectively improved PCL but also showed no adverse effects on subsequent CAR-T cell manufacturing, functionality, or persistence. To optimize the comprehensive management of CAR-T therapy, we employed a PD-1 inhibitor as maintenance therapy following CAR-T infusion. This approach supported sustained CAR-T proliferation. No severe adverse events were reported. This strategy underscores the importance of optimizing the entire CAR-T therapy process—including bridging and maintenance—by balancing anti-tumor efficacy, CAR-T cell functionality and persistence, tolerability, and safety, thereby improving patient outcomes. Furthermore, the management algorithm of CD19-targeted CAR-T therapy for B-NHL with cardiac involvement emphasizes the importance of close monitoring in an intensive care unit and decision-making by an expert MDT (21).

This study has several limitations. First, this is a single-case report, and the findings may not be generalizable to the broader population of patients with PCL. Second, due to the rarity and complexity of PCL, therapeutic decisions were based on clinical judgment and experience rather than established guidelines. Third, long-term outcomes beyond the second year remain unknown and require ongoing follow-up.





Conclusion

Taken together, PCL is an exceedingly rare malignancy with a poor prognosis. Timely diagnosis is critical to enable early initiation of treatment. Robust evidence supporting an optimal treatment strategy for PCL remains limited due to its rarity and diagnostic challenges. This case highlights both the diagnostic challenges of PCL and the potential efficacy and safety of innovative treatments—such as ADC-based chemotherapy, ASCT and sequential CAR-T therapy—in managing this rare and aggressive malignancy. Additionally, this is the first reported case utilizing a combination of ASCT and sequential CAR-T therapy, along with a detailed algorithm for optimizing the entire CAR-T therapy process. This combination therapy resulted in enhanced response, reduced toxicity, and sustained remission. Further validation through long-term follow-up and expanded case studies, as well as mechanistic studies investigating interactions between the cardiac lymphoma microenvironment and cellular therapies, is warranted.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by ethics committee’s of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology. 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.





Author contributions

GW: Writing – original draft, Writing – review & editing. XZ: Writing – original draft, Data curation. PW: Writing – review & editing. ZM: Writing – review & editing, Writing – original draft.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This study was supported by the National Natural Science Foundation of China Grant No. 81800493, Teaching Research Project of Huazhong University of Science and Technology (No. 2021148) and Research Grant of Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology (No. 2023B20).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1581654/full#supplementary-material




References

	 Butany J, Nair V, Naseemuddin A, Nair GM, Catton C, Yau T. Cardiac tumours: diagnosis and management. Lancet Oncol. (2005) 6:219–28. doi: 10.1016/S1470-2045(05)70093-0, PMID: 15811617


	 Jeudy J, Burke AP, Frazier AA. Cardiac lymphoma. Radiol Clin North Am. (2016) 54:689–710. doi: 10.1016/j.rcl.2016.03.006, PMID: 27265603


	 Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F, et al. Rapid molecular detection of tuberculosis and rifampin resistance. N Engl J Med. (2010) 363:1005–15. doi: 10.1056/NEJMoa0907847, PMID: 20825313


	 Burke A, Tavora F. The 2015 WHO classification of tumors of the heart and pericardium. J Thorac Oncol. (2016) 11:441–52. doi: 10.1016/j.jtho.2015.11.009, PMID: 26725181


	 Xin X, Zhu X, Yang Y, Wang N, Wang J, Xu J, et al. Efficacy of programmed cell death 1 inhibitor maintenance after chimeric antigen receptor T cells in patients with relapsed/refractory B-cell non-Hodgkin-lymphoma. Cell Oncol (Dordr). (2024) 47:1425–40. doi: 10.1007/s13402-024-00940-y, PMID: 38564164


	 Yin K, Brydges H, Lawrence KW, Wei Y, Karlson KJ, McAneny DB, et al. Primary cardiac lymphoma. J Thorac Cardiovasc Surg. (2022) 164:573–80 e1. doi: 10.1016/j.jtcvs.2020.09.102, PMID: 33158567


	 Petrich A, Cho SI, Billett H. Primary cardiac lymphoma: an analysis of presentation, treatment, and outcome patterns. Cancer. (2011) 117:581–9. doi: 10.1002/cncr.25444, PMID: 20922788


	 Ceresoli GL, Ferreri AJ, Bucci E, Ripa C, Ponzoni M, Villa E. Primary cardiac lymphoma in immunocompetent patients: diagnostic and therapeutic management. Cancer. (1997) 80:1497–506. doi: 10.1002/(sici)1097-0142(19971015)80:8<1497::aid-cncr18>3.0.co;2-0, PMID: 9338475


	 Zhuang S, Chang L, Feng X, Hu W, Yang Z, Zhang Y. Primary cardiac lymphoma: a clinicopathological study of 121 cases. Front Oncol. (2024) 14:1509100. doi: 10.3389/fonc.2024.1509100, PMID: 39839800


	 Johri A, Baetz T, Isotalo PA, Nolan RL, Sanfilippo AJ, Ropchan G. Primary cardiac diffuse large B cell lymphoma presenting with superior vena cava syndrome. Can J Cardiol. (2009) 25:e210–2. doi: 10.1016/s0828-282x(09)70110-2, PMID: 19536397


	 Oliveira GH, Al-Kindi SG, Hoimes C, Park SJ. Characteristics and survival of Malignant cardiac tumors: A 40-year analysis of >500 patients. Circulation. (2015) 132:2395–402. doi: 10.1161/CIRCULATIONAHA.115.016418, PMID: 26467256


	 Liu S, Ren C, Wang Y. Primary lymphoma of the heart: A case report of surgical treatment and review of the literature. Heart Surg Forum. (2019) 22:E225–E8. doi: 10.1532/hsf.2217, PMID: 31237548


	 Dawson MA, Mariani J, Taylor A, Koulouris G, Avery S. The successful treatment of primary cardiac lymphoma with a dose-dense schedule of rituximab plus CHOP. Ann Oncol. (2006) 17:176–7. doi: 10.1093/annonc/mdj005, PMID: 16157624


	 Cao Y, Liu Y, Zhang R, Zhai W, Ma Q, Wei J, et al. Cardiac involvement in a patient with B-cell lymphoblastic lymphoma/acute lymphoblastic leukemia and a history of allogeneic hematopoietic stem cell transplantation and CAR T-cell therapy: A case report. Front Immunol. (2022) 13:1052336. doi: 10.3389/fimmu.2022.1052336, PMID: 36685607


	 Tilly H, Morschhauser F, Sehn LH, Friedberg JW, Trneny M, Sharman JP, et al. Polatuzumab vedotin in previously untreated diffuse large B-cell lymphoma. N Engl J Med. (2022) 386:351–63. doi: 10.1056/NEJMoa2115304, PMID: 34904799


	 Gisselbrecht C, Glass B, Mounier N, Singh Gill D, Linch DC, Trneny M, et al. Salvage regimens with autologous transplantation for relapsed large B-cell lymphoma in the rituximab era. J Clin Oncol. (2010) 28:4184–90. doi: 10.1200/JCO.2010.28.1618, PMID: 20660832


	 Benevolo Savelli C, Clerico M, Botto B, Secreto C, Cavallo F, Dellacasa C, et al. Chimeric antigen receptor-T cell therapy for lymphoma: new settings and future directions. Cancers (Basel). (2023) 16:46. doi: 10.3390/cancers16010046, PMID: 38201473


	 Han B, Montiel-Esparza R, Chubb H, Kache S, Schultz LM, Davis KL, et al. Use of chimeric antigen receptor modified T cells with extensive leukemic myocardial involvement. JACC CardioOncol. (2020) 2:666–70. doi: 10.1016/j.jaccao.2020.08.009, PMID: 34396279


	 Koch C, Montrasio G, Scherr BF, Schimmer R, Matter CM, Buhler KP, et al. Fulminant cardiotoxicity in a patient with cardiac lymphoma treated with CAR-T cells. JACC CardioOncol. (2022) 4:708–12. doi: 10.1016/j.jaccao.2022.07.012, PMID: 36636430


	 Ng CT, Gonzalez Bonilla HM, Chang I, Aung MT, Gile JJ, Pereira NL, et al. CAR-T therapy in lymphoma patients with coexisting cardiomyopathy or cardiac lymphomatous involvement. JACC Case Rep. (2023) 15:101840. doi: 10.1016/j.jaccas.2023.101840, PMID: 37283829


	 Chen DH, O'Reilly M, Cheok KP, Low R, Puranik R, Clark S, et al. CD19-targeting chimeric antigen receptor T-cell therapy is safe and effective for intra-cardiac B cell non-Hodgkin lymphoma. EJHaem. (2024) 5:1283–9. doi: 10.1002/jha2.1020, PMID: 39691274


	 Goldman A, Maor E, Bomze D, Liu JE, Herrmann J, Fein J, et al. Adverse cardiovascular and pulmonary events associated with chimeric antigen receptor T-cell therapy. J Am Coll Cardiol. (2021) 78:1800–13. doi: 10.1016/j.jacc.2021.08.044, PMID: 34711339


	 Ghosh AK, Chen DH, Guha A, Mackenzie S, Walker JM, Roddie C. CAR T cell therapy-related cardiovascular outcomes and management: systemic disease or direct cardiotoxicity? JACC CardioOncol. (2020) 2:97–109. doi: 10.1016/j.jaccao.2020.02.011, PMID: 34396213


	 Totzeck M, Michel L, Lin Y, Herrmann J, Rassaf T. Cardiotoxicity from chimeric antigen receptor-T cell therapy for advanced Malignancies. Eur Heart J. (2022) 43:1928–40. doi: 10.1093/eurheartj/ehac106, PMID: 35257157


	 Fajgenbaum DC, June CH. Cytokine storm. N Engl J Med. (2020) 383:2255–73. doi: 10.1056/NEJMra2026131, PMID: 33264547


	 Cao Y, Xiao Y, Wang N, Wang G, Huang L, Hong Z, et al. CD19/CD22 chimeric antigen receptor T cell cocktail therapy following autologous transplantation in patients with relapsed/refractory aggressive B cell lymphomas. Transplant Cell Ther. (2021) 27:910 e1– e11. doi: 10.1016/j.jtct.2021.08.012, PMID: 34425260


	 Wei J, Xiao M, Mao Z, Wang N, Cao Y, Xiao Y, et al. Outcome of aggressive B-cell lymphoma with TP53 alterations administered with CAR T-cell cocktail alone or in combination with ASCT. Signal Transduct Target Ther. (2022) 7:101. doi: 10.1038/s41392-022-00924-0, PMID: 35399106


	 Moss E, Goldstein DA, Bradley KT, Flowers CR, Murphy DA. Successful robotic excision and early chemotherapy for primary cardiac lymphoma. Ann Thorac Surg. (2016) 102:304–5. doi: 10.1016/j.athoracsur.2015.08.036, PMID: 27343500


	 Sherkat R, Sabri MR, Dehghan B, Bigdelian H, Reisi N, Afsharmoghadam N, et al. EBV lymphoproliferative-associated disease and primary cardiac T-cell lymphoma in a STK4 deficient patient: A case report. Med (Baltimore). (2017) 96:e8852. doi: 10.1097/MD.0000000000008852, PMID: 29310365


	 Cheng JF, Lee SH, Hsu RB, Yu SC, Shun CT, Huang PS, et al. Fulminant primary cardiac lymphoma with sudden cardiac death: A case report and brief review. J Formos Med Assoc. (2018) 117:939–43. doi: 10.1016/j.jfma.2018.03.011, PMID: 29681417


	 Pires Ferreira Filho LI, Ribeiro Junior HL, Pinheiro Junior ED, Pinheiro RF. Primary cardiac lymphoblastic B-cell lymphoma: Should we treat more intensively? J Cancer Res Ther. (2015) 11:1034. doi: 10.4103/0973-1482.154063, PMID: 26881634


	 Gattinoni L, Finkelstein SE, Klebanoff CA, Antony PA, Palmer DC, Spiess PJ, et al. Removal of homeostatic cytokine sinks by lymphodepletion enhances the efficacy of adoptively transferred tumor-specific CD8+ T cells. J Exp Med. (2005) 202:907–12. doi: 10.1084/jem.20050732, PMID: 16203864


	 Wrzesinski C, Restifo NP. Less is more: lymphodepletion followed by hematopoietic stem cell transplant augments adoptive T-cell-based anti-tumor immunotherapy. Curr Opin Immunol. (2005) 17:195–201. doi: 10.1016/j.coi.2005.02.002, PMID: 15766681







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 Wang, Zhou, Wang and Mao. 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/fimmu-16-1581654-g003.jpg
2023-May-03 2023-Oct-17 2024-Mar-14 2024-Dec-26






OEBPS/Images/fimmu-16-1581654-g002.jpg
cyclophosphamide

rituximab
Pola

i T 1 1 T A

Jul 7~14,2023 July 29~Aug3 Aug25~28 Sep 25~28 Oct 18~24 Nov 21~22 Dec 23 Dec 26 Mar 13,2024 Aprl5 Jull Sep25

v 4 4 % 4 \
therapy

B 1%10°: C

1x105

1x104

1x10%

1x102 S
1x10" A—T— T

0 10 20 30 40 50 60 70 80 90150 200 250 300
Days after CAR-T infusion

oON W A’

CAR-T cells/lymphocytes (%)
o o = gk g
> o o u

CAR19 DNA Copies/ug genome DNA

o
@
e

100 100 150 200 250 300
Days after CAR-T infusion





OEBPS/Images/fimmu-16-1581654-g001.jpg
g
=]
=3
-
=
=3

3 r

?Em ® & NT-proBNP
o

£ 4000 80 @ -e- Troponin

o °

3 S
=

‘::5 3000 60 5

o K

£ 2000 40 3

z -1

“ =

° 1000 20 3

® 3

> (o}

30 o o o & ° T

o o o o
N N S )
< o N A
X b 7

ECG

atrial tachycardia, first degree AVB,

first degree AVB, second-degree type | AVB,
ST-T changes ST-T changes

first degree AVB

T 0y
—— e————— @ { ] { ]
July 7 July 9 July 12 July 15 July 18
|
Chemotherapy

\ \

Echocardiography | ECG
pericardial effusion, | ainus tachycardia,

Echocardiography

Echocardiography
left atrium 41mm,
EF 70%

left atrium 41mm,
EF 47% first degree AVB, EF 60%
second-degree type | AVB,

ST-T changes






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2025.1581654_cover.jpg
& frontiers | Frontiers in Immunology

Durable response of primary cardiac

lymphoma after autologous stem cell

transplantation and sequential CAR-T
therapy: a case report and literature review





