
American Society of Hematology
2021 L Street NW, Suite 900,
Washington, DC 20036
Phone: 202-776-0544 | Fax 202-776-0545
bloodadvances@hematology.org

Subsequent Malignant Neoplasms in Patients Previously Treated with Anti-CD19 CAR
T-Cell Therapy
Tracking no: ADV-2024-012573R2

Megan Melody (Northwestern University Feinberg School of Medicine and the Robert H. Lurie
Comprehensive Cancer Center of Northwestern University, United States) Narendranath Epperla (The
Ohio State University, United States) Geoffrey Shouse (City of Hope National Medical Center, United
States) Jason Romancik (Emory University, United States) Pamela Allen (Emory University, United
States) Tamara Moyo (Levine Cancer Institute, Atrium Helath, United States) Vaishalee Kenkre
(University of Wisconsin, United States) Thomas Ollila (Brown University/Lifespan Cancer Institute,
United States) Lindsey Fitzgerald (University of Utah, United States) Brian Hess (The Medical
University of South Carolina, United States) Kevin David (Rutgers Cancer Institute of New Jersey,
United States) Megan Herr (Roswell Park Comprehensive Cancer Center, United States) Oluwatobi
Odetola (Northwestern University Feinberg School of Medicine, Robert H. Lurie Comprehensive Cancer
Center, United States) Adam Lin (Northwestern University Feinberg School of Medicine and the Robert
H. Lurie Comprehensive Cancer Center of Northwestern University, United States) Jonathan Moreira
(Northwestern University Feinberg School of Medicine, United States) Shuo Ma (Northwestern
University, United States) Jane Winter (Feinberg School of Medicine, Northwestern University,
United States) Ishan Roy (Northwestern University, United States) Deborah Stephens (University of
North Carolina, United States) Alexey Danilov (City of Hope, United States) Nirav Shah (Medical
College of Wisconsin, United States) Stefan Barta (Hospital of the University of Pennsylvania,
United States) Matthew Cortese (Roswell Park Comprehensive Cancer Center, United States) Jonathon
Cohen (Emory University, United States) Leo Gordon (Northwestern University Feinberg School of
Medicine, United States) Reem Karmali (Northwestern University Feinberg School of Medicine, United
States) 

Abstract:

Conflict of interest: COI declared - see note

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2024012573/2218380/bloodadvances.2024012573.pdf by guest on 03 M

ay 2024

https://crossmark.crossref.org/dialog/?doi=10.1182/bloodadvances.2024012573&domain=pdf&date_stamp=2024-03-18


COI notes: -NE: Research funding: Beigene, Eli Lilly; Speakers Bureau for Beigene, Incyte, and
Novartis; Honoraria/consulting/ad boards for Merck, ADC Therapeutics, Ipsen, Lilly, and Novartis. -
GS: Advisory boards: Kite, Beigene, Astra Zeneca; Speakers Bureau: Kite, Beigene. -JR: Research
funding: Merck, Corvus Pharmaceuticals, Kymera Therapeutics; Consulting: Acrotech biopharma, Kyowa
Kirin. -PA: Advisory board for Kyowa Kirin, Seattle Genetics, BostonGene, Diachii Sankyo. -TKM:
Advisory board for Seattle Genetics. -TAO: Research support from ONO and LOXO. Consulting for ONO,
ADC therapeutics -SM: Research funding: Abbvie, AstraZeneca, BeiGene, Janssen, Juno, Loxo, TG
Therapeutics. Speakers Bureau: AstraZeneca, BeiGene, Lilly. Advisory boards: Abbvie, AstraZeneca,
BMS, Genentech, Janssen -JNW: Research funding and honoraria from Merck. -DMS: consulting fees from
Abbvie, AstraZeneca, Beigene, BMS, Celgene, Eli Lilly, Genentech, Janssen. Institutional research
funding from AstraZeneca, Novartis. -AVD: consulting fees from Abbvie, AstraZeneca, BeiGene,
Bristol Meyers Squibb, Genentech, GenMab, Incyte, Janssen, Lilly Oncology, MEI Pharma, Merck, Nurix
and Prelude and has ongoing research funding from Abbvie, AstraZeneca, Bayer Oncology, Beigene,
Bristol Meyers Squibb, Cyclacel, GenMab, Lilly Oncology, MEI Pharma, Morphosys and Nurix. -NNS:
consultancy or advisory committee participation with Miltenyi Biotec, Lilly Oncology, BMS/Juno,
Galapagos, Gilead/Kite, Abbvie, Incyte, Seattle Genetics. He has research funding from both
Miltenyi Biotec and Lilly Oncology and is on the scientific advisory board for Tundra Therapeutics.
-SKB: Honoraria: Acrotech, Affimed, Daiichi Sankyo, Kyowa Kirin, Janssen, Seagen -MC: Advisory
Board: ADC therapeutics, Astra Zeneca , Cellectar, Synthekine; Consultancy: Abbvie: Speaker's
Bureau: Curio Life Sciences, Precision Oncology , Secura Bio. -JBC: Consultant/Advisor: Astra
Zeneca, Abbvie, BeiGene, Janssen, Loxo/Lilly, Kite/Gilead, ADCT; Research Funding: LLS, Genentech,
AstraZeneca, Novartis, Loxo/Lilly, BMS/Celgene -ASK: Research funding from AstraZeneca and BeiGene.
Advisory boards for AstraZeneca, Abbvie, BeiGene, Bristol-Myers Squibb, Janssen, Kite a Gilead
Company, Lox@Lilly. Speakers bureau for BeiGene. -RK: Advisory Board: AstraZeneca, BMS, Gilead
Sciences./Kite Pharma, Janssen, Pharmacyclics, Morphosys/Incyte, Genentech/Roche, Abbvie
Grants/Research Support: BMS, Takeda, BeiGene, Gilead Sciences/Kite, Calithera. Speakers Bureau:
BeiGene, AstraZeneca, Morphosys/Incyte -The remaining authors have disclosed that they do not have
any potential conflicts of interest.

Preprint server: No; 

Author contributions and disclosures: M.M. and R.K.: Were responsible for study conception and
design; data collection, analysis, and interpretation; and writing of the manuscript. All authors:
Contributed to the acquisition, conduct, collection, verification, and interpretation of data and
revision and critical review of the final manuscript.

Non-author contributions and disclosures: No; 

Agreement to Share Publication-Related Data and Data Sharing Statement: Authors are committed to
sharing critical, de-identified data with medical experts and scientific researchers in the
interest of advancing public health and access can be requested by contacting Reem.Karmali@nm.org.

Clinical trial registration information (if any): 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2024012573/2218380/bloodadvances.2024012573.pdf by guest on 03 M

ay 2024



Subsequent Malignant Neoplasms in Patients Previously Treated with Anti-CD19 CAR T-Cell Therapy 

Running Title: Subsequent Malignant Neoplasms Post CAR T 

Megan Melody1, Narendranath Epperla2, Geoffrey Shouse3, Jason Romancik4, Pam Allen4, Tamara K. 

Moyo5, Vaishalee Kenkre6, Thomas Ollila7, Lindsey Fitzgerald8, Brian Hess9, Kevin David10, Megan M. 

Herr11, Oluwatobi Odetola1, Adam Lin13, Jonathan Moreira13, Shuo Ma13, Jane N. Winter13, Ishan Roy13,14, 

Deborah Stephens15, Alexey Danilov3, Nirav N. Shah16, Stefan K. Barta12, Matthew Cortese11, Jonathon B. 

Cohen4, Leo I Gordon13, Reem Karmali13  

1Northwestern University, Feinberg School of Medicine, Chicago IL  
2Arthur G. James Cancer Hospital and Richard J. Solove Research Institute, The Ohio State University, 
Columbus, OH  
3City of Hope Comprehensive Cancer Center, Duarte, CA  
4Winship Cancer Institute, Emory University, Atlanta, GA  
5Levine Cancer Institute, Atrium Health, Charlotte, NC  
6Carbone Cancer Center, University of Wisconsin–Madison, Madison, WI  
7Lifespan Cancer Institute, Brown University, Providence, RI  
8Huntsman Cancer Institute, University of Utah, Salt Lake City, UT  
9Hollings Cancer Center, Medical University of South Carolina, Charleston, SC  
10Rutgers Cancer Institute of New Jersey, Rutgers University, New Brunswick, NJ  
11Roswell Park Comprehensive Cancer Center, Buffalo, NY 
12Abramson Cancer Center, University of Pennsylvania, Philadelphia, PA  
13Robert H Lurie Comprehensive Cancer Center, Northwestern University, Chicago, IL  
14Shirley Ryan Ability Lab, Chicago, IL 
15 Lineberger Comprehensive Cancer Center, University of North Carolina, Chapel Hill, NC 
16MCW Cancer Center, Medical College of Wisconsin, Milwaukee, WI    
 
Corresponding Author: Reem Karmali MD, MS 
676 N Saint Clair 
Suite 850 
Chicago, IL 60611 
Email: Reem.Karmali@nm.org 
Phone: 312-649-3121 
 
Authors are committed to sharing critical, de-identified data with medical experts and scientific 
researchers in the interest of advancing public health and access can be requested by contacting 
Reem.Karmali@nm.org. 
 
Word count: 1,413 
Figure/table count: 2 
Reference count: 24 

D
ow

nloaded from
 http://ashpublications.net/bloodadvances/article-pdf/doi/10.1182/bloodadvances.2024012573/2218380/bloodadvances.2024012573.pdf by guest on 03 M

ay 2024



To The Editor:  

Chimeric antigen receptor (CAR) T-cell therapy is a novel therapy that utilizes either gamma-retroviral or 

lentiviral vectors to genetically modify a patient’s autologous T-cells to express an anti-CD19 antibody 

against CD19 positive B-cell malignancies 1,2. Since 2017, three anti-CD19 CAR T-cell therapies, 

axicabtagene ciloleucel (axi-cel; Yescarta), tisagenlecleucel (tisa-cel; Kymriah), and lisocabtagene 

maraleucel (liso-cel; Breyanzi) have been FDA approved and have demonstrated remarkable efficacy in 

the treatment of relapsed and refractory B-cell non-Hodgkin lymphomas (NHLs) 3-8. Initial long-term 

follow up of these pivotal clinical trials showed low rates of myelodysplastic syndrome (MDS) following 

CAR T-cell therapy and no other subsequent malignant neoplasms (SMNs) 9,10.  However, multiple real-

world retrospective analyses examining outcomes following treatment with CAR T-cell therapy report 

varying rates of SMNs ranging from 0.9% to 12.9%, the most common of which being MDS 8-12. These 

real-world studies are limited by small patient populations and often focus on the rate of treatment 

related myeloid neoplasms, with limited data regarding solid tumor or other hematologic malignancies. 

On November 28th, 2023, the FDA announced an investigation into reports of T-cell malignancies, 

including CAR-positive lymphomas, in patients who received treatment with BCMA- or CD19-directed 

autologous CAR T-cell immunotherapies 13,14. These findings raise concern for an increased rate of 

secondary T-cell neoplasms related to potential insertional mutagenesis from genetically modified CAR T-

cell therapy 15,16.  In light of the recent announcement by the FDA of reported cases of CAR-positive T-cell 

lymphomas following CAR T-cell therapy, we performed the largest retrospective analysis reported in the 

literature examining the rates of SMNs in patients previously treated with anti-CD19 CAR T-cell therapy, 

with particular attention to the incidence of T-cell neoplasms. 

We identified 582 patients with relapsed and refractory LBCL treated with CAR T-cell therapy between 

2015 and 2022 across 13 academic medical centers. Patients in this cohort received a median of 3 prior 

lines of therapy (range 1-18), including 224 patients previously treated with auto-HSCT and 6 patients 

who previously received an allogeneic-HSCT.  Median follow-up in survivors was 35.3 months with a 

median progression free survival of 11.5 months (95% CI 6.08 – 16.92) and median overall survival of 

27.8 months (95% CI 21.2 – 34.5). Seventeen patients had EBV positive disease, 4 had HIV infection, and 

26 patients had a previously diagnosed autoimmune condition (Table 1).  

Data on SMNs was captured in 549 patients. Forty-five (8.2%) of these patients developed a SMN 

following CAR T-cell therapy, at a median time of diagnosis of 19.3 months (range 4.0- 80.2) from the 

time of CAR T-cell infusions and 52.2 months (range 6.2- 279.4) from the time of initial diagnosis of B-cell 

lymphoma. The most common SMNs were myelodysplastic syndrome (18 patients), solid tumor (11 

patients), acute myeloid leukemia (6 patients), and cutaneous malignancy (3 patients with squamous cell 

carcinoma and 2 patients with basal cell carcinoma) (Table 2).  The patients who developed SMNs 

received a median of 3 prior lines of therapy (range 1-7), including 25 patients previously treated with 

auto-HSCT and 2 patients who previously received an allogeneic-HSCT.  Additionally, 27 of these patients 

received bridging therapy prior to CAR T-cell infusion (regimen details outlined in table 2). No patients 

who developed a SMN were EBER or HIV positive and only 2 had pre-existing auto-immune conditions.  

Fourteen of the patients who developed a SMN (31.1%) had a history of prior tobacco use. 

Of the 504 patients in our dataset who did not develop an SMN, 287 patients relapsed post CAR T-cell 

therapy at a median of 2.8 months (range 0.2- 57.3) and went on to receive a median of 1 subsequent 

line of therapy (range 1-7). Seventeen of the 45 patients who developed SMNs (38%) relapsed post CAR 
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T-cell therapy at a median of 7.7 months (range 0.79- 44.7) and went on to receive a median of 1 

subsequent line of therapy (range 1-5). In 11 of these patients, SMN developed following relapsed 

disease and subsequent lines of therapy, 5 of which developed a myeloid neoplasm (1= AML, 4= MDS).  

The median follow up of those patients who developed an SMN was 35 months at which time the 

median PFS following CAR T-cell therapy had not been reached. Twenty-nine of the 45 patients with 

SMNs were alive at last known follow up. Of the 16 deceased patients, 8 deaths were attributed to 

complications or progression of SMN with a median OS from time of diagnosis of SMN of 26 months.  

 

One patient in our cohort developed a T-cell neoplasm: a 63-year-old man with a history of tobacco use, 

autoimmune colitis not on immunosuppressants, and Grey Zone Lymphoma (IPI of 4) was initially treated 

with dose adjusted R-EPOCH (rituximab, etoposide, prednisone, vincristine, cyclophosphamide) with 

partial response (PR) to therapy. He was subsequently exposed to pembrolizumab with inadequate 

response and proceeded to CAR T-cell therapy with one dose of brentuximab-vedotin as bridge. He 

received axicabtagene ciloleucel and achieved a CR but was subsequently diagnosed with both a 

peripheral T-cell lymphoma, not otherwise specified (NOS) and a concurrent non-small cell lung cancer 

(NSCLC) approximately 4 months (121 days) after CAR-T cell infusion. The patient died of NSCLC 2 years 

after receiving CAR T-cell therapy.  Unfortunately, genomic sequencing to evaluate involvement of the 

CAR-T cell in this T-cell neoplasm was not performed as tissue was not accessible. 

Patients with a history of immune dysregulation, such as that associated with Epstein-Barr virus (EBV), 

human immunodeficiency virus (HIV), autoimmune disease, or with the use of immunosuppressive 

agents, are at increased risk for developing both B- and T-cell lymphoproliferative neoplasms17,18. In fact, 

cases of concurrent B- and T-cell lymphomas have been widely documented in the literature occurring in 

1-5% of cases of NHL with the most frequent being a combination of DLBCL and adult T-cell leukemia19,20. 

An analysis of the Surveillance, Epidemiology, and End Results Program (SEER) in 2020, examined the 

rate of SMNs in patients with DLBCL and demonstrated that patients with DLBCL are 5.3 times more 

likely than the general population to develop a second NHL 21.  

Patients treated with CAR T-cell therapy have often been exposed to multiple previous lines of therapy, 

increasing their risk of developing a SMN; this may include T-cell neoplasms22,23.  Recently, two large, 

multi-center retrospective analyses of patients with DLBCL treated with standard-of-care 

chemoimmunotherapy reported a rate of SMN of 13.3% and 18.7% at a median follow-up of 13 and 20 

years, respectively22,23. Additionally, one retrospective query of the FDA Adverse Event Reporting System 

suggested an increased incidence of T-cell related neoplasms in patients previously treated with anti-PD1 

check point inhibition 24.   

Inhis large retrospective analysis highlights we report the incidence of SMNs (8.2%), and in particular 

highlight the low incidence of T-cell lymphoma (1 out 549 pts), following anti-CD19 CAR T-cell therapy at 

a median of 3 years of follow up. The one patient who developed a peripheral T-cell lymphoma in this 

retrospective patient cohort had a prior smoking history, a pre-existing auto-immune condition, and had 

been exposed to 3 previous lines on therapy (including immunotherapy) prior to receiving CAR T-cell 

therapy. Given the increased incidence of lymphoproliferative neoplasms (including T-cell lymphomas) in 

patients with autoimmune disease and B-cell lymphoma, as well as the increased risk of SMN seen with 
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previous exposure to chemoimmunotherapy, it is difficult to draw any conclusive link between the 

development of a T-cell neoplasm in our patient and prior CAR T-cell exposure 13,17. 

 It should be acknowledged that this retrospective analysis was limited to those patients previously 

treated with anti-CD19 CAR T-cell constructs and did not include patients treated with anti-BCMA CAR T-

cells. Furthermore, a major limitation of our study, as well as the data reported by the FDA, is the limited 

accountability for competing events such as subsequent lines of therapy or death following CAR T, which 

may result in an over- or under- estimation of the observed incidence of SMNs in the post CAR T-cell 

setting and thereby the perceived risks associated with CAR T-cell therapy 14. It is for this reason we 

support ongoing discussion and investigation into the development of SMNs post-CAR T. Additionally, we 

encourage further investigation into CAR T-cell persistence and T-cell subsets in patients who develop T-

cell neoplasms following both BCMA- and CD19- directed CAR T-cell therapy as well as molecular analysis 

to examine the presence of CAR transgenes and remnant viral vector genes. In the interim, it is 

imperative to weigh risk versus benefit when reviewing this announcement with patients as CAR T-cell 

therapy continues to provide a curative option in LBCL and a life-saving measure in other hematologic 

malignancies. 

The trial was conducted in accordance with the principles of the Declaration of Helsinki. The protocol 

was approved by the institutional review board at each participating institution.   
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Table 1. Baseline Characteristics for All Patients 

Baseline Characteristics  
n= 582 (%) 

CAR T-cell Product 
Axi-cel 
Tisa-cel 
Liso-cel 

 
360 (61.9) 
152 (26.1) 
70 (12.0) 

 

EBER Positive 17  

HIV Positive* 4  

Autoimmune Disease 
Rheumatoid 
Arthritis 
SLE 
Chron’s Disease 
Sjogren’s Syndrome 
Ulcerative Colitis 
Psoriatic Arthritis 
Other 

6 
4 
4 
1 
1 
1 
9 

 

Median Prior Lines of Therapy 
(range) 3 (1-18) 
Prior Stem Cell Transplantation 

Autologous 
Allogenic 

 
224 (38.5) 

6 (1.0) 
Best Response to Therapy 

CR 
PR 
SD 
PD 
NE 

 
261 (44.8) 
103 (17.7) 

50 (8.9) 
94 (16.2) 
12 (2.1) 

 

 

*As reported per institutional policy 

Abbreviations- CAR: chimeric antigen receptor, axi-cel: axicabtagene ciloleucel, tisa-cel: tisagenlecleucel, liso-cel: lisocabtagene 

maraleucel, EBER: Epstein-Barr virus-encoded RNA, HIV: human immunodeficiency virus, SLE: Systemic lupus erythematosus, 

CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease, NE: not evaluable  
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Table 1. Characteristics of Patients with Subsequent Malignant Neoplasms 

Subsequent Malignant Neoplasms 
(n= 45) 

CAR T-cell Product 
Axi-cel 
Tisa-celx`` 
Liso-cel 

26 (57.8) 
9 (20.0) 

10 (22.2) 
Histologic Subtype 

DLBCL 
Transformed FL 
PMBCL 
Richter’s 
Grey Zone 
Other 

22 (48.9) 
14 (31.1) 

1 (2.2) 
2 (4.0) 
1 (2.2) 
3 (6.6) 

Molecular Rearrangements by FISH 
C-MYC 
BCL-2 
BCL-6 
Double Hit 

6 (13.3) 
9 (20.0) 
6 (13.3) 
3 (6.7) 

Prior Tobacco Use 14 (31.1) 
EBER Positive 0 
HIV Positive* 0 
Autoimmune Disease 2 (4.4) 
Median Prior Lines of Therapy (range)  3 (2-7) 
Prior Stem Cell Transplantation 

Autologous 
Allogenic 

  
25 (55.6) 

2 (4.4) 
Bridging Therapy  

Steroids alone 
Rituximab +/- steroids 
Chemotherapy +/- Rituximab or steroids 
Lenalidomide +/- Rituximab or steroids 
Obinutuzumab +/- Rituximab or steroids 
Polatuzumab- BR 
BTK-I +/- Venetoclax 
Other 

n=27  
3 (11.1) 
1 (3.7) 

9 (33.3) 
2 (7.4) 
2 (7.4) 

4 (14.8) 
3 (11.1) 
3 (11.1) 

Best Response to Therapy 
CR 
PR 
SD 
PD 
NE 

  
32 (71.1) 
5 (11.1) 
1 (2.2) 
4 (8.9) 
3 (6.7) 

Subsequent Malignant Neoplasm 
MDS 
Solid Tumor  
AML 
Cutaneous (BCC/SCC) 
PTCL 
Other 

  
18 (40.0) 
11 (24.4) 
6 (13.3) 
5 (11.1) 
1 (2.2) 
4 (8.9) 

Median Time from CAR T-cell infusion to SMN (mos, range) 19.3 (4.0- 80.2) 
Abbreviations- CAR: chimeric antigen receptor, axi-cel: axicabtagene ciloleucel, tisa-cel: tisagenlecleucel, liso-cel: lisocabtagene 

maraleucel, DLBCL:  diffuse large B-cell lymphoma, FL: follicular lymphoma, PMBCL: primary mediastinal B-cell lymphoma, BCL-

2: B-cell lymphoma 2, BCL-6: B-cell lymphoma 2, EBER: Epstein-Barr virus-encoded RNA, HIV: human immunodeficiency virus, 

BR: bendamustine/rituximab, BTKi: bruton tyrosine kinase inhibitor, CR: complete response, PR: partial response, SD: stable 

disease, PD: progressive disease, NE: not evaluable, MDS: myelodysplastic syndrome, AML: acute myeloid leukemia, BCC: Basal 

cell carcinoma, SCC: squamous cell carcinoma, PTCL: Peripheral T-cell lymphoma, SMN: subsequent malignant neoplasm, mos: 

months.  
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