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Abstract

Chimeric Antigen Receptor T-cell [CAR T] therapy has changed the treatment landscape of 

relapsed/refractory lymphoid malignancies. With an expanding pool of post CAR T-cell therapy 

survivors, prevention and management of late toxicities is emerging as an important component of 

survivorship care. This review summarizes the current state of evidence on late toxicities after 

CAR T-cell therapy in lymphoid malignancies. Late effects that are well described in clinical trials 

and observational studies include hypogammaglobulinemia, prolonged cytopenias, late infections, 

neurologic and neuropsychiatric effects, immune-related late effects, and subsequent 

malignancies. Hypogammaglobulinemia is the most common late effect in the setting of CD19-

directed CAR T-cell therapy, which necessitates immunoglobulin replacement. Common 

determinants of late toxicities are age, underlying tumor type, prior therapy, CAR construct, and 

acute toxicities. Among currently approved indications, the incidence of hypogammaglobulinemia 

and prolonged cytopenia is higher in patients with acute lymphoblastic leukemia compared to 

aggressive non-Hodgkin lymphoma. Patient-reported physical and mental quality of life in long-

term survivors is comparable to general population, albeit, with limited data thus far. This review 

provides an overview of the incidence, known risk-factors, and strategies for prevention and 

management of late toxicities in this population. Further research is needed to characterize the 

trajectory of late effects from population-based registries and long-term follow-up of ongoing 

clinical trials.

1.0 Introduction

Chimeric antigen receptor T-cell therapy [CAR T] has revolutionized the treatment of 

relapsed/refractory hematologic malignancies. The Food and Drug Administration [FDA] 

has approved CAR T-cell therapies targeting CD19 in relapsed/refractory B-cell acute 

lymphoblastic leukemia [B-ALL], aggressive B-cell non-Hodgkin lymphoma [NHL], and 
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mantle cell lymphoma, based on impressive response rate and response durability in this 

difficult-to-treat patient population1–4. Currently, CAR T-cell therapies are being tested in 

other hematologic malignancies including multiple myeloma [MM], chronic lymphocytic 

leukemia [CLL], and acute myeloid leukemia as well as in metastatic solid tumors. Long-

term follow-up of the pivotal ZUMA-1 trial testing axicabtagene ciloleucel [axi-cel] in 

relapsed/refractory B-cell NHL showed approximately 40% of patients to be in a durable 

complete remission [CR] at 2 years, with a plateau in the survival curve2. With a growing 

pool of CAR T-cell therapy survivors, a subset of whom may potentially be cured of their 

primary malignancy, research on the incidence, risk-factors, and timeline of late effects will 

be critical for optimal survivorship care. Although early toxicities of CAR T-cell therapy, 

including cytokine release syndrome [CRS] and CAR T-related encephalopathy syndrome or 

Immune effector Cell Associated Neurotoxicity Syndrome [CRES/ICANS], has been well-

described in literature5, there is lack of a comprehensive review synthesizing the current 

evidence on observed and potential late-effects of CAR T-cell therapy.

The aim of this review is to summarize the current evidence on late-effects of CAR T-cell 

therapy and provide practical insights on surveillance and management. For the purpose of 

this review, we focus on toxicities that occur beyond 1–3 months after CAR T-cell infusion. 

Although there is a lack of consensus on the timeline of late toxicities after CAR T-cell 

therapy, most acute toxicities such as CRS or CRES/ICANS resolve and patients may be 

managed in the community beyond that time-period. We also acknowledge that late effects 

should be interpreted in the context of several factors including primary malignancy, prior 

therapies, antigen target [e.g. CD19], CAR construct, and patient-related factors such as age 

and frailty. Our review summarizes issues relevant to CD19 and BCMA directed constructs 

for lymphoid malignancies since current data are primarily available for this patient 

population. However, the same principles for long-term follow-up and preventive care apply 

to cellular therapies and disease groups that are presently under investigation and may 

transition to routine clinical care in the future.

2.0 Hematopoietic Cell Transplantation as Framework for CAR T-cell Late 

Effects

Although data on late complications and long-term follow-up after CAR T-cell therapy are 

limited, lessons can be translated from extensive research that has been conducted in the 

arena of hematopoietic cell transplantation [HCT] survivorship and late effects6,7. 

Conceptually, there are several similarities between the two procedures, such as pre-

treatment exposures, issues around immune reconstitution and infections, and post-treatment 

recovery. In the setting of HCT, data on late effects have been collected individually by 

transplant centers as well as by the Center for International Blood and Marrow Transplant 

Research [CIBMTR] and other international registries. Furthermore, many transplant centers 

have dedicated survivorship clinics, which has been associated with improved survival 

outcome8. Systematically collected long-term follow up data has informed the field about 

the pathogenesis of late toxicities, and the importance of exposures and risk-factors for 

specific late-effects, their incidence and manifestations, and opportunities to prevent or 

mitigate them9. Quality of life issues and post-transplant rehabilitation have been well 
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characterized10. Implementation of survivorship care plans led to reduced distress and 

improved mental quality of life11. Extensive research has also been conducted on a spectrum 

of care models for delivering care to HCT survivors12.

The HCT framework can serve as a foundation for research on late toxicities in CAR T-cell 

therapy recipients. The majority of care for these patients is being provided at transplant 

centers. As such, centers that administer cellular therapy are required to have accreditation 

by the Foundation for the Accreditation of Cellular Therapy [FACT], whose quality 

standards for immune effector cell therapy require a mechanism to monitor and care for late 

effects of cellular therapy. Furthermore, long-term follow up data of commercially available 

CAR T-cell therapies is being captured by registries such as the CIBMTR, which will enable 

us to better characterize late effects and develop evidence-based survivorship care guidelines 

in future.

3.0 Late Effects after CAR T-cell Therapy

Incidence and management of commonly observed late-effects are summarized in Table I. 

The timeline of common late effects is illustrated in Figure I.

3.1 Hypogammaglobulinemia

Hypogammaglobulinemia, defined as immunoglobulin G [IgG] level <400 mg/dl or need for 

immunoglobulin replacement due to recurrent infections, is the most common late adverse 

effect of CTL01913. It is an “on-target off-tumor” toxicity in this context. Furthermore, 

approximately 35% of patients have baseline hypogammaglobulinemia likely secondary to 

underlying disease and prior therapies14. In a long-term follow-up study of CD-19 directed 

CAR T in R/R B-cell NHL or CLL, 67% of patients had hypogammaglobulinemia beyond 

90 days13. Notably, approximately half of these patients were in ongoing complete remission 

[CR]. Updated results of ZUMA-1 trial, which tested axi-cel in R/R aggressive B-cell NHL, 

showed that 31% of patients received intravenous immunoglobulin [IVIG], among which, 

only 8% had received IVIG prior to their first hospital discharge after axi-cel infusion2. 

Among the 39 patients with ongoing responses at a median follow-up of 27 months in this 

study, 44% needed IVIG therapy, indicating prolonged B-cell aplasia in responders2. In the 

JULIET trial testing tisagenlecleucel in R/R B-cell NHL, 30% of patients received IVIG 

after cell infusion3. Notably, only 16% of patients with ongoing CR in this study had 

peripheral CD19+ B-cell count return to normal range. Interestingly, a post-hoc analysis 

from JULIET study showed that IgG levels were comparable between patients receiving or 

not receiving IVIG14.

The incidence of hypogammaglobulinemia is higher in patients with B-cell ALL after CAR 

T-cell therapy. In the ELIANA trial, which tested tisagenlecleucel in children and young 

adults with R/R B-cell ALL, the probability of maintenance of B-cell aplasia at 6 months 

after infusion was 83%, with the median time to B-cell recovery not reached at a median 

follow-up of 13 months1. More than 90% of responding patients required immunoglobulin 

replacement in this study. In ZUMA-2 trial testing KTE-X19 in relapsed/refractory mantle 

cell lymphoma, 32% of patients have required immunoglobulin replacement at a median 

follow-up of 12 months4. Data from initial patients treated with CD-19 directed CAR T for 
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CLL show that those with ongoing responses beyond four years have persistent B-cell 

aplasia and hypogammaglobulinemia15.

In MM, ablation of malignant and normal plasma cells by BCMA-directed CARs as well as 

prior plasma cell-directed will likely induce prolonged hypogammaglobulinemia and 

increased infection risk. In a study on dual CAR against CD19 and BCMA in MM, at a 

median follow-up of 6 months, IgM had recovered but IgG and IgA had not16 Long-term 

follow up data from currently ongoing myeloma CAR trials will highlight the kinetics of 

immunoglobulin reconstitution and need for immunoglobulin replacement in these patients.

Management—With an increasing pool of patients surviving post CD-19 or BCMA-

directed CAR T, management of hypogammaglobulinemia leading to secondary 

immunodeficiency will be critical to mitigate the risk of infections. Data from primary 

immunodeficiency disorders as well as rituximab-treated patients suggest that a persistent 

IgG level of <400 mg/dl is associated with a higher risk of infections17,18. Hence, 

immunoglobulin replacement [IVIG or subcutaneous formulation] is frequently offered in 

these patients with a goal IgG trough level of ≥400 mg/dl, particularly if there are recurrent 

or severe infections19. In patients with recurrent infections despite IgG level of greater than 

400 mg/dl, checking IgG subclass levels and administering IVIG if low can be considered. 

Notably, the half-life of IgG is 3–4 weeks which requires monthly dosing. Other than 

infusion reaction, rare but serious adverse effects such as thromboembolic events, 

autoimmune hemolytic anemia, and acute kidney injury has been reported with IVIG20. 

Recovery of B-cells in peripheral blood is not always associated with rise in IgG production 

post-CAR T-cell therapy21. Hence, close monitoring of IgG level and discontinuing IVIG 

once trough levels are persistently ≥400 mg/dl without replacement is a rational strategy. T-

cell recovery may also remain impaired after CAR T-cell therapy and checking for 

CD4/CD8 T-cell subsets in peripheral blood can also assist clinicians in assessing immune 

recovery. With preclinical development of a cellular antidote to CAR19 and expression of 

inducible caspase in CAR constructs22,23, future studies should investigate whether these 

strategies can be applied to patients in a durable CR with persistent B-cell aplasia or 

hypogammaglobulinemia. Development of suicide gene-modified CAR T-cell therapy can 

also help overcome late and long-term toxicities such as hypogammaglobulinemia and will 

have to be tested for safety and efficacy24.

Prolonged Cytopenia—Prolonged cytopenias involving all three cell lines have been 

described after CAR T-cell therapy, both in clinical trials and observational studies. The 

precise mechanism behind prolonged cytopenias remains unclear, with bone marrow biopsy 

in most cases demonstrating hypocellularity. In the context of NHL, factors associated with 

grade 3 or worse cytopenias at 30 days after CAR T-cell infusion include ECOG 

performance status of 1 or greater and more than three prior lines of therapy25.

In ZUMA-1 trial, 18 out of 108 patients [17%] had grade 3 or worse cytopenia beyond 3 

months, with neutropenia in 11%, thrombocytopenia in 7%, and anemia in 3%2. However, at 

a median follow-up of 27 months, only two patients had grade 3 cytopenia [one anemia and 

one thrombocytopenia], indicating that most cytopenias resolve on long-term follow-up. In 

the JULIET trial, unresolved grade 3 or 4 neutropenia and thrombocytopenia was present at 
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day 28 in 24% and 41% of patients respectively3. Although all cases of neutropenia resolved 

by 3 months, 38% had unresolved thrombocytopenia at the 3-month landmark. The burden 

of grade 3 or worse cytopenias beyond one month is greater in R/R B-cell ALL trials, with 

the incidence being 41% for platelets and 53% for neutrophils in the ELIANA trial1. At a 

median follow-up of 13 months, 29% and 20% of patients with grade 3 or 4 

thrombocytopenia and neutropenia respectively did not have resolution to grade 2 or lower 

in this study. However, direct comparison of the incidence of prolonged cytopenias across 

trials should be performed with caution given different CAR constructs, patient 

demographics, and prior therapies. In the phase 1 study on bb-2121 in MM, six out of 17 

patients [35%] with thrombocytopenia and one out of 32 patients with neutropenia did not 

recover by four weeks after CAR T-cell infusion26. Long-term follow-up of another phase 

I/II trial on CD19-directed CAR T showed three out of 19 evaluable patients [16%] to have 

prolonged cytopenia beyond 90 days, including one patient with ALL and two with NHL13. 

Two patients in this study had pancytopenia needing transfusions and growth factor support 

lasting 15 and 22 months before resolution whereas one patient had unresolved pancytopenia 

at latest follow-up [18 months]. In an observational study from MSKCC, the following 

factors were associated with a lower likelihood of complete count recovery at 1 month: >3 

prior lines of therapy, baseline cytopenia, CAR construct [incidence of complete 

hematopoietic recovery being higher with 4–1BB costimulatory domain (70%)compared to 

that with CD28 or 19–28ᶻ costimulatory domain (17–19%), grade ≥3 CRS/ICANS, higher 

peak CRP, and higher peak ferritin level27. Another study from Israel showed late 

hematologic toxicity in 27 out of 29 [93%] responding patients with ALL or NHL after 

administration of CTL019 with CD28 co-stimulatory domain and fludarabine-

cyclophosphamide lymphodepletion28. Notably, late neutropenia, thrombocytopenia, and 

anemia [requiring PRBC transfusion] occurred in 76%, 76%, and 17% respectively. Factors 

associated with late cytopenias were prior HSCT and higher CRS grade. Approximately 

one-half and one-third of patients with neutropenia and thrombocytopenia respectively had 

intermediate count recovery between immediate and late cytopenias resembling a biphasic 

pattern.

Management—Management of prolonged cytopenias entail supportive care measures such 

as blood product transfusion, prophylactic antibiotics in neutropenic patients, and growth 

factor support. Other causes of cytopenia such as nutritional deficiency, viral infections, and 

subsequent myeloid neoplasm should be excluded. The risk of prolonged cytopenia post-

CAR T-cell therapy is higher in B-cell ALL compared to NHL, based on clinical trials and 

observational studies29. Thrombopoietin receptor agonists like eltrombopag has been 

anecdotally used for prolonged thrombocytopenia13, however, prospective data on efficacy 

are lacking. A case of successful infusion of cryopreserved autologous hematopoietic 

progenitor cells in a MM patient with prolonged pancytopenia after BCMA CAR T-cell 

therapy has been reported30, and further prospective studies are needed to assess safety and 

efficacy of this approach.

Late Infections—Both hypogammaglobulinemia and prolonged cytopenias can lead to 

increased risk of late infections in CAR T-cell therapy survivors. In the updated analysis of 

ZUMA-1 trial, there were nine grade 3 or higher infections in eight patients [8%] at a 
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median of 7–19 months after CAR T-cell infusion31. The most common site of infection was 

respiratory tract. No infection-related mortality has been reported from ZUMA-1 to our 

knowledge. Another study on CD-19 directed CAR T in CLL reported one infection-related 

death from pseudomonas wound infection in a MRD-negative patient at 21 months after cell 

infusion15. The incidence of all-grade infection beyond 8 weeks after cell infusion was 39% 

in the JULIET trial testing tisagenlecleucel in R/R B-cell NHL, with 18% being grade 3 or 

43. Late infections [beyond 90 days] with CD-19 directed CAR T in B-cell NHL and CLL 

has been systematically evaluated in a study from the Fred Hutchinson Cancer Research 

Center13. Notably, 61% of patients had at least one infection, with a total of 153 infection 

events and infection density of 2.08 per patient-year. Similar to ZUMA-1 trial, the most 

common site was respiratory tract. A vast majority of patients [80%] were treated in the 

outpatient setting, with only 5% requiring admission to the intensive care unit. Among 

patients with an identified causative organism, 60% were bacterial, 31% were viral, and 9% 

were fungal.

In the ELIANA trial, 18 out of 40 B-ALL patients with prolonged neutropenia beyond day 

28 developed grade 3 or 4 infection1. Some atypical infections were noted, including human 

herpes virus-6 encephalitis and systemic mycosis. Notably, three out of 17 late deaths [18%] 

beyond 30 days were infection-related in this study. In patients with B-ALL, grade 3 or 

higher CRS is a predictor of subsequent infection within 6 months after CD-19 directed 

CAR T infusion32. Increased steroid use in patients developing CRS or ICANS could be a 

contributor to higher infection risk in such patients. The phase 1 study from Sloan Kettering 

in B-ALL patients also showed a 6% infection-related mortality, indicating that the risk of 

fatal infection may be higher in B-ALL compared to other lymphoid malignancies. In the 

BCMA CAR T-cell trial in MM, 26% of patients had upper respiratory tract infections from 

week 8 through month 6 after infusion, 7% being grade 326.

Management—One of the key aspects of infection management beyond 30 days after 

CAR T-cell therapy is prevention and early detection. As mentioned above, using 

immunoglobulin replacement therapy for primary prophylaxis in hypogammaglobulinemic 

patients and G-CSF [Granulocyte-Colony Stimulating Factor] support for neutropenic 

patients should be considered to mitigate the risk of infection. However, the impact of G-

CSF has not been prospectively studied in this context and further studies are necessary to 

delineate safety and efficacy. Furthermore, clinicians should have a strong index of suspicion 

for infection prior to CAR T-cell therapy, as many patients have received prior autologous or 

allogeneic HCT and may be severely immunocompromised33. At our institution, we use 

antiviral prophylaxis with acyclovir beginning with lymphodepleting chemotherapy and 

through at least 90 days post-infusion. Continuing antiviral prophylaxis till 6 months post-

infusion is also a reasonable approach. Ciprofloxacin [or equivalent for patients who are 

intolerant or allergic to quinolones] is used for antibacterial prophylaxis, beginning on day 0 

and continuing until recovery of absolute neutrophil count. Antifungal prophylaxis with 

fluconazole should be initiated during the neutropenic period and switching to a mold-active 

agent such as posaconazole should be considered if patient requires prolonged high-dose 

corticosteroids or has prolonged neutropenia [>3 weeks]33. Prophylaxis for Pneumocystis 

jiroveci pneumonia [PJP] with trimethoprim-sulfamethoxazole is continued at our institution 

Chakraborty et al. Page 6

Transplant Cell Ther. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



until CD4+ T-cell count is greater than 200 cells/μL. Some experts recommend continuing 

PJP prophylaxis until at least 6 months34. There is a lack of robust evidence on the need and 

optimal duration of PJP prophylaxis in this setting. Currently, there are no specific 

guidelines on vaccination after CAR T-cell therapy. Due to prolonged B-cell aplasia after 

CD-19 directed CAR T-cell therapy, the immunogenicity of vaccinations may be reduced. 

Experts recommend administering killed or inactivated vaccine beyond 6 months and live 

vaccines beyond 1 year after CAR T-cell therapy in patients who are in remission and do not 

require any further cancer-directed therapy34.

Late Neurologic Events—Acute neurotoxicity [CRES/ICANS] is a well-known adverse 

event early after CAR T-cell therapy, with onset of symptoms by 5 days after infusion5. 

Clinical manifestations include confusion, aphasia, agraphia, ataxia, memory loss, 

hallucinations, and apraxia. Three distinct patterns of neurologic symptoms have been 

reported after CAR T-cell therapy, one that is concurrent with CRS, one that happens shortly 

after CRS subsides, and a third form with a delayed onset to 3 or more weeks after CAR T-

cell infusion35. It is unclear whether clinical predictors of CRES/ICANS, e.g., high disease 

burden or high peak CAR T-cell count, will apply to late neurologic events as well. A phase 

I/II trial of CD-19 directed CAR T has systematically evaluated late neurologic and 

psychiatric events at a median follow-up of 28 months [range, 13–63 months] from 

infusion13. Notably, new neurologic and psychiatric events beyond day 90 were noted in 9 

[10%] and 8 [9%] patients respectively. Specific neurologic events of interest were three 

cerebrovascular accidents [CVA] [6–35 months], one transient ischemic attack [4 months], 

one Alzheimer’s dementia [14 months], and one peripheral neuropathy [17 months]. 

Psychiatric events of interest were newly diagnosed or exacerbation of mood disorders 

[onset at 1.5–33 months]13. In the ZUMA-1 trial, one patient had grade 1 ongoing memory 

impairment at a median-follow up of 9 months, which subsequently resolved. Furthermore, 

four patients had unresolved neurologic events, who eventually died of progressive disease 

[n=2] or non-neurologic adverse events [n=2]31. In the ELIANA trial, 25% of patients with 

R/R B-cell ALL had unresolved grade 3 neurologic events at day 18 post-infusion1. Notably, 

three out of 10 patients with grade 3 neurologic events did not experience resolution at study 

discontinuation, among which, one had no response and two died of leukemia progression 

and encephalitis. In summary, 4–5% of clinical trial patients have unresolved neurotoxicity 

at study discontinuation1,31. In the BCMA CAR T-cell study for MM [bb2121], there were 

no new neurologic events reported from week 8 through month 6 after infusion26. However, 

the upper limit of range of neurotoxicity duration was 251 days, indicating that some 

patients had prolonged symptoms beyond 1 month.

Management—There is lack of data on management of late neurologic events, including 

utility of corticosteroids or anti-IL-6 monoclonal antibody in this context. Furthermore, 

attribution of causality to CAR T-cell therapy for late neurologic events like CVA or 

peripheral neuropathy is difficult in uncontrolled trials or observational studies. Prospective 

studies to define the nature and trajectory of late neurologic events to identify clinical and 

biological correlates are urgently needed to better manage these patients in future. 

Furthermore, patients with CNS involvement by their underlying cancer have been 

traditionally excluded in CAR T-cell therapy trials. However, since these patients are 
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receiving CAR T in clinical practice, they should be carefully followed for development of 

late neurologic events. Randomized controlled trials on CAR T-cell therapies will provide 

further comparative data on late neurotoxicity.

Immune-related Late Effects—Autoimmune reactions, with development of new or 

exacerbation of pre-existing autoimmune disease, is a potential concern after CAR T-cell 

therapy, similar to that seen with immune checkpoint inhibitors [ICI]. Among the clinical 

trials which led to FDA approvals thus far, late autoimmune reactions have not been reported 

at a median follow-up of 13–27 months from CAR T-cell infusion1–3. However, in the Fred 

Hutchinson Cancer Research Center study of CD-19 directed CAR T in lymphoid 

malignancies, possible late immune-related adverse events were seen in 7 [8%] patients at a 

median of 234 days after infusion [range, 67–1099 days]13. The specific events were 

lymphocytic alveolitis, persistent skin rash, eosinophilic pneumonia, pneumonitis not 

otherwise specified [NOS], granulomatous disease NOS, persistent flu-like syndrome, and 

collagenous colitis. Notably, CAR T-cells were noted on skin biopsy in the patient with a 

persistent skin rash. However, correlative studies showed no evidence of CAR T-cell re-

expansion in the peripheral blood at the time of immune-related events13. Another group 

reported three patients with R/R aggressive lymphoma who were treated sequentially with 

CD-19 directed CAR T and pembrolizumab, and subsequently developed autoimmune 

thyroiditis, pneumonitis, and T-cell mediated autoimmune skin rash 1–6 months after 

CTL019 infusion36. However, definitive attribution of autoimmune toxicities to CAR T-cell 

therapy is difficult due to uncontrolled nature of these studies. In patients with prior 

allogeneic hematopoietic cell transplantation, the incidence of developing graft-versus-host-

disease [GVHD] after CTL019 therapy is 20%, at a latency of 2–3 months from cell 

infusion13.

Management—There is a lack of consensus guidelines on how to best manage late 

immune-related adverse events after CAR T-cell therapy. Based on available data for the 

treatment of immune-related adverse events of ICI37, inducing transient immunosuppression 

by administration of glucocorticoids is a rational strategy. In the Fred Hutchinson Cancer 

Research Center study, most immune-related events were treated with corticosteroids. The 

persistent skin rash did not respond to steroids and was subsequently treated with PUVA 

[photochemotherapy] since biopsy showed spongiosis and psoriaform dermatitis, leading to 

a partial response13. Future studies should explore the role of additional immunosuppressive 

agents such as infliximab [monoclonal antibody against tumor necrosis factor-α] or 

vedolizumab [monoclonal antibody against integrin α4ᵦ7] in this context, especially in 

patients non-responsive to corticosteroids, given their activity in immune-related adverse 

events of ICIs. Patients receiving CAR T-cell therapy for relapse post-allogeneic HCT 

should be closely monitored for development of GVHD. Similarly, patient receiving off-the-

shelf allogeneic CARs, many of which are in clinical trials currently, should also be closely 

monitored for GVHD.

Subsequent Malignancies—In the long-term follow-up of ZUMA-1 trial, one patient 

developed myelodysplastic syndrome [MDS] at 19 months, which was attributed to prior 

cytotoxic therapy2. Other than that, to the best of our knowledge, no secondary malignancies 

Chakraborty et al. Page 8

Transplant Cell Ther. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



have been reported thus far from clinical trials that led to FDA approval of CD-19 directed 

CAR T in B-cell ALL and B-cell NHL, although follow-up is short. In a phase I/II study 

from Fred Hutchinson Cancer Research Center, subsequent hematologic cancers were seen 

in 5 patients [6%], including four cases of MDS and one MM13. Notably, the median time 

from CAR T-cell infusion to diagnosis of MDS was 6 months [range, 4–17 months]. 

Furthermore, two out of four patients with MDS had pre-existing cytogenetic abnormalities 

prior to CAR T-cell therapy and one patient with MM had pre-existing monoclonal 

gammopathy of undetermined significance. Eight patients [9%] developed solid tumors, 

including six with non-melanoma skin cancer, one with melanoma, and one non-invasive 

bladder cancer. Given these patients had received extensive prior cytotoxic therapies, it is 

unclear whether CAR T-cells can be attributed to development of subsequent cancers. 

Notably, a case of unintentional introduction of CAR gene into a leukemic B-cell has been 

reported, leading to relapse of CD19-negative leukemia 9 months after infusion of CD-19 

directed CAR T38. Insertional oncogenesis due to insertion of a viral vector near an 

oncogene in the engineered T-cells is a possibility, however, no such cases have been 

reported till date to our knowledge39. Malignant transformation of engineered T-cells 

leading to T-cell leukemia has not been reported to date. Studies conducted by CIBMTR and 

other registries will inform incidence and risk-factors for second cancers in CAR T-cell 

therapy recipients.

Management—Since secondary malignancies are rare events with a potentially long 

latency, long-term follow up of ongoing clinical trials and epidemiologic data are needed to 

accurately estimate the incidence of second cancers. FDA has mandated at least 15-year 

follow up for axi-cel and tisagenlecleucel, and these prospective post-marketing registry 

studies are being conducted by the CIBMTR in which incidence of subsequent malignancies 

is a key endpoint. An anti-CAR19 idiotype CAR [αCAR19] has been developed by the Penn 

group, which can potentially target and kill CAR19+ cells, and can be clinically applied as 

an antidote for unintentional transduction of leukemic B-cells by CAR gene or development 

of T-cell leukemia23. However, data on clinical application of this approach is not available 

till date to our knowledge. Until such further studies provide an evidence base to suggest 

appropriate second cancer screening, CAR T-cell therapy recipients can follow 

recommendations for cancer screening similar to what has been recommended for HCT 

survivors40–42.

Patient-Reported Outcomes—Since CAR T-cell therapies are associated with several 

symptomatic adverse events and can potentially impact health-related quality of life 

[HRQoL], measurement of patient-reported outcomes [PROs] is crucial for assessing 

tolerability and comparative effectiveness43. The ELIANA trial on tisagenlecleucel in R/R 

B-ALL recently reported data on PROs measured up until 12 months after CAR T-cell 

infusion44. PROs were a secondary outcome of the trial, measured by standardized generic 

instruments for assessing quality of life [QoL], including the Pediatric Quality of Life 

Inventory [PedsQL] and the European Quality of Life-5 Dimensions [EQ-5D]. The PRO-

specific objective was change in summary scores from baseline to follow-up time-points 

[day 28, and months 3, 6, 9, and 12]. Notably, there was a clinically meaningful 

improvement in mean total PedsQL score at each time-point from 3–12 months after 
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infusion compared to baseline. Furthermore, the magnitude of improvement was greatest for 

physical functioning and smallest for social functioning. Clinically meaningful improvement 

was also observed in psychosocial health summary score and emotional functioning score 

beyond 3 months. These findings empirically demonstrated that deep and durable 

hematologic responses from CD-19 directed CAR T translate into an improved global QoL, 

including physical, psychosocial, and emotional functioning. Similarly, in ZUMA-2 trial on 

KTE-X19 in relapsed/refractory mantle cell lymphoma, PRO was a secondary endpoint, 

with the PRO-specific objective being change in score from baseline to month 6 in the five-

level version of EQ-5D [European Quality of Life-5 Dimensions] questionnaire45. After a 

transient decrease in patient reported HRQoL on week 4, overall health returned to baseline 

of better in most patients at month 6. In the JULIET trial testing tisagenlecleucel in relapsed/

refractory B-cell NHL, sustained improvement in all HRQoL domains was observed among 

patients achieving a CR or partial response to therapy at all follow-up time points46. Another 

cross-sectional study investigated patient-reported long-term neuropsychiatric outcomes in 

40 CAR T-cell therapy survivors with B-cell NHL, CLL or ALL as their primary disease47. 

Notably, 63% of patients had acute neurotoxicity after CD-19 directed CAR T infusion in 

this study. The investigators used Patient Reported Outcomes Measurement Information 

System [PROMIS] measures, with the median time to PRO questionnaire completion being 

3 years [range, 1–5]. Notably, the mean global physical health, global mental health, social 

function, anxiety, fatigue, pain, and sleep disturbance scores for the study cohort did not 

differ significantly from that of general population. However, 15 patients [38%] reported 

some cognitive difficulty, with pre-CAR T depression and acute neurotoxicity being 

associated with subsequent cognitive impairment. Furthermore, presence of cognitive 

difficulties was associated with significantly worse global physical and mental health scores. 

Younger age was associated with worse global mental health, anxiety, and depression. This 

study highlights the importance of assessing neuropsychiatric outcomes like anxiety, 

depression, and cognitive impairment in CAR T survivors so they can be appropriately 

referred to mental health or cognitive rehabilitation services.

Integration of PROs in clinical trials is important to assess “tolerability” of anti-cancer 

therapies48. With different highly effective CAR T-cell products and non-cellular therapies 

competing for similar treatment spaces in hematologic malignancies, comparative safety and 

tolerability will play a major role in treatment decision making and regulatory assessments. 

One of the major challenges in interpretation of PRO data is lack of consistency regarding 

the use of PRO instruments, time-points of PRO assessment, and statistical design to handle 

missing data. With several recently published guidelines for inclusion of PROs in clinical 

trials49,50, the quality of PRO-specific trial design and reporting will likely further improve 

in future. In patients receiving CAR T-cell therapies as standard-of-care, a centralized PRO 

collection system should be established using the infrastructure already available at 

CIBMTR for HSCT recipients51.

Other Potential Late Effects—Potential organ-specific late effects of CAR T-cell 

therapy include cardiac and renal toxicities. Cardiac toxicities have been described after 

CAR T-cell therapy, mostly in the context of CD-19 directed CAR T for lymphoid 

malignancies52. Among patients with paired pre- and post-CAR T troponin measurement, 
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which is a marker for cardiomyocyte injury, 54% had troponin elevation after CAR T-cell 

infusion, with the median time to troponin increase being 16 days [range, 6–31 days]. 

Notably, the incidence of troponin elevation was significantly higher in patients with grade 2 

or higher CRS compared to those with grade 1 or no CRS. Furthermore, approximately one-

third of patients with available data had a clinically significant reduction in left ventricular 

ejection fraction [LVEF] after CAR T-cell infusion. At a median follow-up of 10 months, 

there were 17 cardiovascular [CV] events [12%], including six CV deaths, six 

decompensated congestive heart failure [CHF], and five new onset arrhythmias. Notably, the 

CV event rate was significantly higher in patients with positive troponin [55%] compared to 

those with negative troponin [4%]. On multivariable analysis for risk factors, higher time-lag 

between CRS onset and tocilizumab administration was associated with a higher odds of 

subsequent CV events. This study highlighted the role of serum troponin as a biomarker for 

CV toxicity after CAR T-cell therapy and the potential cardio-protective role of tocilizumab, 

especially in the context of CRS. Further prospective studies should evaluate the role of 

brain natriuretic peptide and global longitudinal strain in predicting CV toxicities53. As 

CAR T survivor pool continues to increase, late cardiac events in specific populations like 

older patients or those with prior exposure to cardiotoxic chemotherapy like anthracycline or 

carfilzomib should be investigated for early intervention. To our knowledge, immune-related 

cardiac toxicities such as myocarditis, which are seen with ICIs, have not yet been reported 

with CAR T-cell therapy.

Acute kidney injury [AKI] after CAR T-cell therapy happens in around 20% of children and 

young adults receiving CD-19 directed CAR T for R/R B-ALL54. Notably, patients with 

grade 3/4 CRS have a five-fold higher risk of developing all-grade AKI and 10-fold higher 

risk of developing severe AKI compared to those with grade 1/2 CRS. Approximately 90% 

of patients recover their kidney function by 30 days. In adult population, the incidence of all-

grade AKI by day 100 is higher at 30%, with 91% recovering their renal function to baseline 

by 30 days from AKI onset55. Risk factors in this population includes prior autologous or 

allogeneic HCT, requiring intensive care unit admission, and grade 3–4 CRS. Long-term 

follow up is required to investigate whether a subset of these patients is at risk of developing 

chronic kidney disease.
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Highlights:

• Hypogammaglobulinemia is the most common late effect of CD-19 directed 

CAR T-cell therapy

• The incidence of hypogammaglobulinemia and prolonged cytopenia is greater 

in ALL compared to NHL trials

• Common determinants of late toxicity are age, prior therapies, tumor type, 

acute toxicities [CRS/ICANS], and CAR construct

Chakraborty et al. Page 15

Transplant Cell Ther. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Time-line of Late Toxicities with CAR T-cell Therapy.
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Table I.

Incidence and Management of Late toxicities with CAR T-cell Therapy

Late Effects Incidence Management

Hematological

Prolonged Cytopenias Anemia: 17–53%
Thrombocytopenia: 16–41%
Neutropenia: 3–53%
ALL>NHL1–3,13,25,26

• Blood product transfusion

• G-CSF support

• Thrombopoietin receptor agonists

• Prophylactic anti-bacterial and antifungal agents in patients 
with prolonged neutropenia

Hypogammaglobulinemia 23–100%1–3,13,15 • Immunoglobulin replacement [IVIG or subcutaneous 
formulation]: Dosing every 3–4 weeks at 400–600 mg/kg 
body weight to maintain IgG trough level of ≥400 mg/dl and 
continuing until B-cell recovery with spontaneous 
immunoglobulin production

Neurologic

Neurologic and Psychiatric 
Events

4–9%W3,31 • Supportive care

• Management directed to specific adverse events

• Role of steroids or anti-IL6 antibody unclear

Immune-related Adverse 
Events

8%13 • First-line: Corticosteroids

• Consider additional immunosuppression if unresponsive to 
steroids

• Multidisciplinary collaboration

• Refer to NCCN guidelines for managing IRAEs

Second Cancers 1–15%2,13

Hematologic Cancers: 1–6%
Solid Cancers: 0–9%

• Cancer surveillance[Follow HCT-specific guidelines]

• Age appropriate cancer screening among patients in CR

• Rule out therapy-related myeloid neoplasms in patients with 
prolonged cytopenias

Late Infections 8–61%1,3,13,31 • Immunoglobulin replacement

• G-CSF support [GM-CSF should be avoided]

• Prophylactic antibiotic

• Follow HCT-specific guidelines for vaccination

Cardiac Toxicities Troponin elevation: 54%
Decreased LVEF: 28%
CV deaths: 12%52

• Consider monitoring serum troponin after CAR T-cell therapy 
based on clinical judgement

• Consider early administration of tocilizumab after CRS onset

Abbreviations: ALL: Acute Lymphoblastic Leukemia. NHL: Non-Hodgkin Lymphoma. IVIG: Intravenous Immunoglobulin. CR: Complete 
Response.

Note: Management recommendations in this table are based on current state of evidence and expert opinion.
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Table II.

Recommended Screening and Preventative Care for Specific Late Effects

Late Effects Screening and Preventative Care at Specific Time-points

Prolonged Cytopenia CBC with differential at least every 30 days after the acute phase of CAR T cell infusion until 
normalization of blood counts

Hypogammaglobulinemia Obtain serum IgG level monthly beyond day 30 after CAR T-cell infusion, until IgG>400 mg/dl. Consider 
obtaining IgG subclass level if active infections despite total IgG>400 mg/dl

Neuropsychiatric Late effects Clinical evaluation for signs and symptoms of neuropsychiatric dysfunction monthly after day 30, with 
diagnostic tests [e.g. objective neuropsychological testing, MRI] in patients with signs or symptoms

Immune-related Adverse Events Clinical evaluation for signs or symptoms of immune-relate adverse events such as pneumonitis or colitis 
at least every month until one year and every six months thereafter and targeted diagnostic tests in those 
with clinical suspicion

Second Cancer Age and sex-appropriate screening for solid cancers Periodic monitoring of blood counts to screen for 
therapy-related myeloid neoplasms and low threshold to perform bone marrow examination in patients 
with unexplained or worsening cytopenia

Late Infections CDC panel for CD4+ T-cell count monthly beyond day 30 until CD4 count is greater than 200 cells/μL

Note: Management recommendations in this table are based on current state of evidence and expert opinion.
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