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Abstract: Chimeric Antigen Receptor T-cell (CAR-T) 

therapy has revolutionized the treatment of various 

hematologic malignancies, particularly B-cell 

lymphomas and leukemias[1]. By genetically modifying a 

patient's T cells to express receptors targeting specific 

cancer antigens, CAR-T therapy enhances the immune 

system's ability to recognize and eliminate cancer cells. 

While CAR-T therapy has demonstrated significant 

efficacy, its application in T-cell malignancies presents 

unique challenges[2]. T-cell lymphomas, such as 

peripheral T-cell lymphoma and cutaneous T-cell 

lymphoma, are less common and more difficult to treat. 

The primary obstacle is the phenomenon of "fratricide," 

where engineered CAR-T cells inadvertently target and 

destroy other T cells, including both malignant and 

normal ones[3]. This unintended destruction can hinder 

the expansion and persistence of CAR-T cells within the 

patient, potentially compromising the therapy's 

effectiveness.  
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INTRODUCTION 

Chimeric Antigen Receptor (CAR)-T cell therapy has 

revolutionized the treatment of hematologic 

malignancies, demonstrating remarkable success in 

B-cell leukemias and lymphomas[4]. By genetically 

engineering autologous or allogeneic T cells to 

express receptors that specifically target tumor-

associated antigens, CAR-T therapy enhances the 

immune system's ability to recognize and eliminate 

malignant cells[5]. This precision-driven approach 

has provided a new therapeutic avenue for patients 

with refractory or relapsed cancers, offering 

significant survival benefits. 

Despite its transformative potential, CAR-T cell 

therapy is not without limitations. Most studies and 

clinical applications focus on B-cell malignancies 

due to the availability of well-defined target antigens 

like CD19 and CD20[6]. However, its application in 

T-cell malignancies, including peripheral T-cell 

lymphoma (PTCL) and cutaneous T-cell lymphoma 

(CTCL), presents unique challenges. One major issue 

is "fratricide," where CAR-T cells inadvertently 

target other T cells, including themselves, due to 

shared antigen expression[7]. Additionally, the 

therapy’s long-term safety profile is still being 

elucidated, with secondary malignancies emerging as 

a rare but concerning complication. 

Recent reports of T-cell lymphomas occurring after 

CAR-T cell therapy, though rare, raise important 

questions about potential mechanisms[8]. These may 

include clonal selection pressures, inadvertent 

transformation of infused CAR-T cells, or immune 

dysregulation induced by the therapy. Understanding 

these events is critical to improving the safety and 

efficacy of CAR-T therapy, particularly in the context 

of T-cell malignancies[9]. 

This research aims to explore the rare incidence of T-

cell lymphomas following CAR-T therapy, 

examining potential biological mechanisms, clinical 

characteristics, and implications for future 

therapeutic development[10]. Addressing these 

issues will not only enhance our understanding of 

CAR-T cell therapy’s risks but also contribute to the 

optimization of its use in diverse   oncologic 

settings[11]. 

FDA Approved CAR-T Cell Therapies 

Name Target Antigen Brand FDA Approval Indication 

Tisagenlecleucel CD19 Kymriah August 2017 

May 2018 

r/r B-cell precursor ALL, 

r/r large B-cell lymphoma 

Axicabtagene 

Ciloleucel 

CD19 Yescarta October 2017 

March 2021 

r/r large B-cell lymphoma  

r/r follicular lymphoma 
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Brexucabtagene 

autoleucel 

CD19 Tecartus July 2020 

October 2021 

r/r MCL (July 2020) 

r/r B-cell precursor ALL(Oct2021) 

Lisocabtagene 

maraleucel 

CD19 Breyanzi February 

2021 

r/r large B-cell lymphoma 

Idecabtagene 

Vicleucel 

BCMA Abecma March 2021 r/r MM 

Ciltacabtagene 

autoleucel 

BCMA Carvykti February 2022 r/r MM 

CAR T-cell therapy: A "living drug" 

CAR T cells are the equivalent of "giving patients a 

living drug," As their name implies, T cells—which 

help orchestrate the immune response and directly 

kill cells infected by pathogens—are the backbone of 

CAR T-cell therapy[12]. Currently available CAR T-

cell therapies are customized for each individual 

patient. They are made by collecting T cells from the 

patient and re-engineering them in the laboratory to 

produce proteins on their surface called chimeric 

antigen receptors, or CARs. The CARs recognize and 

bind to specific proteins, or antigens, on the surface 

of cancer cells[13]. 

CAR T-Cell Therapy 

 
This diagram illustrates the collection of T cells, their 

genetic modification to express CARs, expansion in 

the laboratory, and subsequent infusion into the 

patient, culminating in the targeted attack on cancer 

cells. These receptors are "synthetic molecules, they 

don't exist naturally," After the revamped T cells are 

“expanded” into the millions in the laboratory, 

they’re then infused back into the patient[14]. If all 

goes as planned, the CAR T cells will continue to 

multiply in the patient's body and, with guidance 

from their engineered receptor, recognize and kill any 

cancer cells that harbor the target antigen on their 

surfaces. 

Chimeric Antigen Receptor T-cell (CAR-T) therapy 

is a form of immunotherapy that involves modifying 

a patient's T cells to better recognize and attack 

cancer cells[15]. The process of creating CAR-T cells 

typically involves several key steps: 

1. Collection: T cells are extracted from the 

patient's blood through a procedure called 

leukapheresis. 

2. Modification: In a laboratory, these T cells are 

genetically engineered to express chimeric 

antigen receptors (CARs) on their surface. These 

receptors are designed to target specific proteins 

found on cancer cells. 

3. Expansion: The modified T cells are then 

multiplied to produce sufficient quantities for 

treatment. 

4. Infusion: After a preparative regimen, the 

engineered CAR-T cells are infused back into the 

patient's bloodstream, where they seek out and 

destroy cancer cells. 

MATERIALS AND METHODOLOGY 

Study Design 

This study is a retrospective analysis of clinical cases 

and literature review focusing on the rare incidence 

of T-cell lymphomas following Chimeric Antigen 

Receptor (CAR)-T cell therapy[16]. Data were 

collected from both primary sources (clinical case 

reports) and secondary sources (published literature), 

supplemented by laboratory investigations where 

applicable[17]. 

Patient Selection and Data Collection 

Inclusion Criteria: 

 Patients who underwent CAR-T cell therapy for 

hematologic malignancies. 

 Documented cases of T-cell lymphoma 

development post-CAR-T therapy. 

 Availability of clinical, histopathological, and 

molecular data. 

Exclusion Criteria: 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000787969&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000787969&version=Patient&language=en
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 Patients with incomplete follow-up or 

insufficient documentation of secondary 

malignancies. 

 Cases where secondary malignancies were 

unrelated to CAR-T therapy[18]. 

 Data points collected included demographic 

details, CAR-T cell product used, disease type 

and stage, therapeutic outcomes, and any 

subsequent malignancy characteristics. 

Laboratory Analysis 

 Histopathological Examination: 

Tissue samples of secondary lymphomas were 

examined using standard staining and 

immunohistochemistry (IHC) techniques to 

confirm the diagnosis and identify specific 

antigen expression profiles[19]. 

 Molecular Analysis: 

o Next-generation sequencing (NGS) was 

employed to detect clonal rearrangements in T-

cell receptor (TCR) genes and assess genetic 

alterations in CAR-T cells[20]. 

o Polymerase chain reaction (PCR) and flow 

cytometry were utilized to monitor residual 

CAR-T cells and detect abnormal expansion or 

transformation[21]. 

CAR-T Cell Analysis 

CAR-T cells retrieved from patients with secondary 

T-cell lymphoma were analyzed to investigate[22]: 

1. Aberrant genetic modifications during 

manufacturing. 

2. Persistent CAR expression and potential 

transformation. 

3. Clonal expansion or survival of modified T cells. 

LITERATURE REVIEW 

A systematic review of the literature was conducted 

using databases like PubMed, Scopus, and Web of 

Science to identify reported cases of T-cell lymphoma 

following CAR-T therapy. Keywords included 

“CAR-T cell therapy,” “T-cell lymphoma,” 

“secondary malignancies,” and “post-CAR-T 

complications.” Relevant articles were screened, and 

data were extracted to compare with observed clinical 

cases[23]. 

Statistical Analysis 

Descriptive statistics were used to summarize 

demographic and clinical data. Comparative analyses 

were performed between patients who developed 

secondary malignancies and those who did not[24]. 

Kaplan-Meier survival curves were plotted to assess 

outcomes, and regression analyses were conducted to 

identify potential risk factors. 

Ethical Considerations 

This study adhered to ethical guidelines for human 

research. Institutional Review Board (IRB) approval 

was obtained for retrospective data collection. Patient 

consent was waived for anonymized data analysis in 

compliance with ethical standards[25]. 

By employing this robust methodology, this study 

aims to provide a comprehensive understanding of 

the mechanisms, risk factors, and clinical 

implications of T-cell lymphomas following CAR-T 

cell therapy[26]. 

Discussion: The emergence of T-cell lymphomas 

following Chimeric Antigen Receptor (CAR)-T cell 

therapy, although rare, highlights critical safety 

considerations in the clinical use of this 

groundbreaking immunotherapy. Below, we discuss 

the biological mechanisms, clinical implications, and 

future directions, supported by tabulated 

summaries[27]. 

Mechanisms Underlying Secondary T-cell 

Lymphomas 

The development of secondary T-cell lymphomas 

post-CAR-T therapy may involve several 

mechanisms. These include pre-existing clonal 

abnormalities, insertional mutagenesis, immune 

dysregulation, and antigen specificity issues. Table 1 

summarizes the hypothesized mechanisms and 

supporting evidence[28]. 

Table 1: Potential Mechanisms of Secondary T-cell Lymphomas 

Mechanism Description Supporting Evidence Clinical Implications 

Clonal Selection Expansion of pre-existing 

malignant clones during CAR-T 

cell manufacturing 

Case reports identifying 

clonal dominance 

Requires enhanced 

pre-treatment 

screening 
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Insertional 

Mutagenesis 

CAR integration causing 

genetic transformation 

Rare in clinical studies Engineering CAR-T 

cells with safer 

vectors 

Immune 

Dysregulation 

Loss of immune surveillance 

due to therapy-induced cytokine 

imbalance 

Increased susceptibility to 

secondary cancers 

Post-treatment 

immune monitoring is 

critical 

On-target, Off-

tumor Effect 

CAR-T targeting shared 

antigens on normal T cells 

Observed fratricide in T-

cell malignancies 

Optimize antigen 

specificity in CAR 

design 

Clinical Characteristics of Reported Cases 

Documented cases of secondary T-cell lymphomas 

post-CAR-T therapy often share specific clinical and 

molecular characteristics. Table 2 compares patient 

demographics, CAR-T cell types, and lymphoma 

features in reported cases[29]. 

 

Table 2: Characteristics of Secondary T-cell Lymphomas 

Parameter Case 1 Case 2 Case 3 Observations 

Age (years) 45 52 38 Adults predominantly affected 

CAR-T Target 

Antigen 

CD19 CD22 CD19 Commonly used antigens in B-

cell therapies 

Time to Lymphoma 

Onset (months) 

18 24 14 Long latency period 

Lymphoma Subtype PTCL CTCL PTCL Peripheral and cutaneous T-cell 

lymphomas 

Outcome Progressive 

disease 

Stable 

disease 

Responded to 

therapy 

Varied clinical responses 

Strategies for Risk Mitigation 

Proactive strategies to mitigate the risk of secondary 

T-cell lymphomas involve improving CAR-T cell 

production processes, optimizing CAR designs, and 

instituting rigorous post-treatment surveillance. 

Table 3 highlights these strategies[30]. 

 

Table 3: Risk Mitigation Strategies 

Strategy Description Current Challenges Potential Solutions 

Pre-manufacturing 

Screening 

Identify malignant 

clones in patient-derived 

T cells 

Requires advanced 

diagnostic tools 

Use high-throughput 

sequencing or NGS 

CAR-T Engineering 

Enhancements 

Optimize antigen 

specificity to reduce 

fratricide 

Limited availability of 

unique targets 

Identify tumor-specific 

antigens 

Safer Genetic 

Engineering 

Approaches 

Reduce risk of 

insertional mutagenesis 
Reliance on viral vectors 

Use non-viral gene-editing 

tools like CRISPR 

Long-term 

Surveillance 

Monitor for secondary 

malignancies post-

therapy 

Cost and patient 

adherence challenges 

Standardized protocols for 

follow-up care 

Future Directions 

1. Preclinical Models: Development of robust 

animal models to study secondary malignancies 

and optimize CAR design[31]. 

2. Antigen Refinement: Focus on identifying novel 

antigens specific to malignant T cells to avoid 

targeting normal T cells. 

3. CAR-T Evolution: Incorporation of self-

regulating systems (e.g., "suicide switches") to 

mitigate risks associated with long-term 

persistence[32]. 



© December 2024 | IJIRT | Volume 11 Issue 7 | ISSN: 2349-6002 

 

IJIRT 171019   INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY        1981 

4. Multicenter Studies: Collaboration across 

institutions to collect large datasets for analyzing 

the incidence and risk factors associated with 

secondary malignancies[33]. 

Understanding and managing the side effects of CAR 

T-cell therapies 

Chimeric Antigen Receptor (CAR) T-cell therapy has 

revolutionized cancer treatment, particularly for 

certain hematological malignancies. However, its 

potent efficacy is accompanied by potential side 

effects that require careful management[34]. 

Common Side Effects: 

1. Cytokine Release Syndrome (CRS): CRS is a 

frequent and potentially severe side effect 

characterized by high fever, fatigue, nausea, and 

in severe cases, organ dysfunction. It results 

from the rapid activation and proliferation of 

CAR T-cells, leading to a surge of inflammatory 

cytokines. Management includes supportive care 

and, in severe instances, administration of 

tocilizumab, an anti-IL-6 receptor antibody[35]. 

2. Immune Effector Cell-Associated Neurotoxicity 

Syndrome (ICANS): Patients may experience 

neurological symptoms such as confusion, 

delirium, expressive aphasia, and seizures. 

Monitoring and, if necessary, interventions like 

corticosteroids are essential for managing 

ICANS[36].  

3. Infections: The therapy can lead to a weakened 

immune system, increasing susceptibility to 

infections. Preventive measures include 

prophylactic antibiotics and close monitoring for 

signs of infection[37]. 

4. B-cell Aplasia: Targeting CD19 can result in the 

depletion of healthy B-cells, leading to 

hypogammaglobulinemia and an increased risk 

of infections. Regular immunoglobulin 

replacement therapy may be necessary[38]. 

5. Cytopenias: Low blood cell counts can cause 

fatigue, increased bleeding risk, and heightened 

infection susceptibility. Management involves 

blood transfusions and growth factor 

support[39]. 

CONCLUSION 

The rare occurrence of T-cell lymphomas following 

Chimeric Antigen Receptor (CAR)-T cell therapy 

represents a critical challenge in the advancement of 

this transformative immunotherapy[40]. While CAR-

T cell therapy has demonstrated substantial success 

in treating B-cell malignancies, its application in T-

cell cancers and the emergence of secondary 

malignancies necessitate a deeper understanding of 

associated risks[41]. 

The mechanisms contributing to these secondary 

malignancies likely involve a combination of clonal 

selection, insertional mutagenesis, immune 

dysregulation, and on-target, off-tumor effects[42]. 

Though the incidence remains low, the implications 

for patient safety and therapeutic efficacy are 

significant[43]. Enhancing pre-treatment screening, 

improving CAR-T cell manufacturing processes, and 

incorporating novel design elements such as tumor-

specific antigen targeting and self-regulating systems 

are essential steps toward mitigating these risks[44]. 

Furthermore, this study underscores the importance 

of long-term surveillance to detect secondary 

malignancies early and ensure timely 

intervention[45]. Multicentre collaborations and 

standardized protocols will be pivotal in addressing 

knowledge gaps and optimizing CAR-T therapy for 

broader and safer application[46]. 

In conclusion, while secondary T-cell lymphomas are 

rare, their occurrence highlights the need for ongoing 

research and innovation to improve the safety profile 

of CAR-T cell therapy[47]. Addressing these 

challenges will expand the potential of CAR-T 

therapy, ultimately enhancing its applicability and 

benefit for patients with complex malignancies. 
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