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ABBREVIATIONS
ALL: Acute Lymphoblastic Leukemia; BBB: Blood Brain Barri-
er; CAR-T therapy: Chimeric Antigen Receptor-T Cell Therapy; 
CD3: Cluster Differentiation 3; CRES: CAR-T Cell Related En-
cephalopathy Syndrome; CRP: C-Reactive Protein; CRS: Cyto-
kine Release Syndrome; CSF: Cerebrospinal Fluid; CT: Comput-
ed Tomography; CTLA-4: Cytotoxic-T Lymphocyte Associated 
Antigen 4; EEG: Electroencephalogram; HLH: Hemophagocytic 
Lymphohistiocytosis; IL-6: Interleukin-6; ICAR: Inhibitory Chi-
meric Antigen Receptor; MRI: Magnetic Resonance Imaging; 
NHL: Non-Hodgkin Lymphoma; PD-1: Programmed Cell Death 
Protein-1; WHO: World Health Organization

INTRODUCTION
Cancer is the malignant growth resulting from uncontrollable cell 
division and potentially invades to other parts of body. According 
to World Health Organization (WHO) 18 million new cases of 
cancer are diagnosed every year and is second world wide cause of 
death about 8.8 million deaths in a year (Mattiuzzi C and Lippi G, 
2019). Treatment for cancer includes chemotherapy, radiotherapy, 

immunotherapy and surgical treatment. Chimeric Antigen Re-
ceptor T cell (CAR-T) therapy is a type of Immunotherapy which 
utilizes the body’s own immune system to fight against cancer and 
improve body’s ability to detect and kill cancer cells.
T cells are the vital part of immune system that recognizes abnor-
mal cells in the body. Cancer has developed mechanisms to evade 
killing by T cells. CAR-T therapy involves T cells that have been 
genetically engineered to enable the T cells to recognize cancerous 
cells. The receptors are chimeric because they combine both anti-
gen binding and T cell activating functions into a single receptor.

LITERATURE REVIEW
Structure of Chimeric Antigen Receptor (CAR)
The structure of CAR consists of an antigen domain, hinge, 
one or more costimulatory domains and main signaling do-
main. The first generation CARs has main signaling domain 
whereas second and third generation CARs include one or two 
co-stimulatory domains along with main signaling domain, re-
spectively. Second and third generation CAR-T cells are more 
potent (Gauthier J and Yakoub-Agha I, 2017) (Figure 1).
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Figure 1: Basic structure of chimeric antigen receptor (Gauthier J and 
Yakoub-Agha I, 2017)
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Production of CAR-T cells 
The first step in the production of CAR-T cells involves isolation of T 
cells through a process called Leukapheresis, where white blood cells 
are isolated from either patient’s blood (autologous) or from a healthy 
donor (allogenic) (Martínez Bedoya D, et al., 2021). These T cells are 
taken to lab and are activated using anti-CD3 (Cluster Differentiation 
3) or anti-CD3/anti-CD28 monoclonal antibody coated beads and are 
later genetically modified by transduction with viral vector to express 
CAR (Hay KA and Turtle CJ, 2017; Fesnak A and O’Doherty U, 2017). 
The virus used is inactive and are not able to replicate or cause any 
disease and the viral vector can be lentiviral which delivers gene con-
struct to non-dividing cells or retroviral that delivers gene construct to 
dividing cells (Gauthier J and Yakoub-Agha I, 2017).
These modified T cells are then grown and expanded and are reinfused 
into patient. Prior to infusion, patient is treated with chemotherapy for 
lymphodepletion i.e., to prepare for the reception of CAR T cells, as the 
CAR T cells may not persist for longer time and may have decreased ef-
ficacy if not treated with chemotherapy (Hay KA and Turtle CJ, 2017).
Persistence can be vital in case of Acute Lymphoblastic Leukemia 
(ALL) where as it may not be necessarily important in Non-Hodg-
kin’s lymphoma (NHL) (Hay KA and Turtle CJ, 2017; Maude SL, et al., 
2014). There are three factors that have impact on CAR T cell prolif-
eration and persistence, they are lymphodepletion regimen, quantity 
of CAR T cells and cell product composition. Homogenization of cell 
product composition can be done by 1:1 ratio CD4+/CD8+ (Turtle CJ, 
et al., 2016).

Toxicities of CAR T cell therapy and their management
Though CAR T cell therapy has promising antitumor effects it has 
many adverse effects.
Cytokine Release Syndrome (CRS): It is the common side effect that 
occurred due to over activation of immune system and release of cyto-
kines (Abken H, 2017; Brudno JN, Kochenderfer JN, 2016). These 
cytokines activate other cells of immune system especially leading to 
elevation of Interleukin-6 (IL-6) (Maude SL, et al., 2014). First stage of 
CRS includes signs of flu, muscle aches and patient can develop tachy-
cardia, respiratory distress and arrhythmias, severe Hemophagocytic 
Lymphohistiocytosis (HLH). Severity of CRS depends on number of 
cells infused, degree of in-vitro CAR T cell proliferation and patients 
with comorbidities, those who develop early onset of CRS within 3 
days of CAR-T cells infusion (Graham C, et al., 2018; Neelapu SS, et al., 
2018). CRS after CAR-T cell therapy can occur in 54%-91% of patients 
and severe CRS in 8%-43% (Miliotou AN and Papadopoulou LC, 2018; 
Hay KA, et al., 2017).
Only the patients with limited comorbidities and who are able to tol-
erate severe CRS should be infused with CAR-T cell therapy (Milio-
tou AN and Papadopoulou LC, 2018).when an infection is suspected, 
patient should be assessed using blood, urine cultures and other tests 
like CT scan of chest, respiratory viral screening should be done. The 
infusion of CAR-T cells is carried out only when infection has been 
controlled or ruled out (Neelapu SS, et al., 2018).
After infusion of CAR-T cells patients should be monitored continu-
ously and vital signs are checked for every 4 hours. If patient experi-
encing persistent heart rate of 115 beats per minute, vital signs are 
checked for every 2 hours (Brudno JN, Kochenderfer JN, 2016). Daily 
review of metabolic profiles, complete blood count, serum C-Reactive 
Protein (CRP) and ferritin levels should be done (Neelapu SS, et al., 
2018). Management of acute symptoms of CRS can be done through 
grading system to assess the severity and provide treatment accord-
ingly (Lee DW, et al., 2014). Fever can be managed by acetaminophen 
and hypotension by vasopressors like norepinephrine (Brudno JN, 

Kochenderfer JN, 2016). 
Tocilizumab and siltuximab are IL-6 antagonists used as off-label drugs 
for reversal of CRS symptoms (Neelapu SS, et al., 2018; Maude SL, et 
al., 2014). Tocilizumab is the most commonly used and is effective for 
treating severe to life threatening CRS gly (Lee DW, et al., 2014). When 
the condition of patient is not stabilized after use of tocilizumab then 
immunosuppressive agents like corticosteroids are considered. Corti-
costeroids can have adverse effect on antitumor activity of adaptively 
transferred T cells gly (Lee DW, et al., 2014; Ledford H, 2014).
Neurotoxicity: It involves CAR-T Cell Related Encephalopathy Syn-
drome (CRES) with symptoms of cognitive disorders, confusion, rest-
lessness, anxiety, aphasia, seizures, delirium, and can develop to fatal 
cerebral edema. Incidence of neurotoxicity in CAR-T cell treated pa-
tients can be 40% (12). This toxicity is due to systemic cytokines that 
cross Blood Brain Barrier (BBB). CAR-T cells are found in Cerebro-
spinal Fluid (CSF) of patients and increase in CAR-T cell infiltration 
in CSF is seen due to release of IL-6 during CRS and hyperthermia 
(Prudent V and Breitbart WS, 2017).
Continuous monitoring of patient given with CAR-T cell therapy 
through neuroimaging involving MRI, CT, EEG, to determine the se-
verity and funduscopic examination to assess for papilledema. CRES 
with concurrent CRS can be treated with IL-6 antagonists whereas cor-
ticosteroids are preferred for severe CRES (Neelapu SS, et al., 2018; Lee 
DW, et al., 2014). Convulsive and non-convulsive status epilepticus is 
treated with benzodiazepines and other antiepileptics especially levet-
iracetam (Neelapu SS, et al., 2018). 
On target on-tumor toxicity is due to rapid destruction of a large tumor 
mass and massive release of tumor cell components into circulation 
causing electrolyte and metabolic disturbances. This type of toxicity is 
seen in leukemia treatment and the risk is less in treatment to solid 
tumors (Abken H, 2017). 
On target off-tumor toxicity, most of targets of CAR-T cells are also ex-
pressed in normal tissues, resulting in engagement of target antigen on 
non-pathogenic tissue leading to on target off-tumor toxicity (Bonifant 
CL, et al., 2016; Zhang Q, et al., 2020).This type of toxicity is majorly 
seen in solid tumors compared to leukemia and lymphoma (Milio-
tou AN and Papadopoulou LC, 2018). A fatal example of On target 
off-tumour toxicity where a patient treated with CAR-T cells for cancer 
associated with antigen HER-2/neu has developed respiratory failure 
and multi-organ dysfunctions leading to death due to reactivity against 
HER-2/neu expressed on pulmonary tissue (Bonifant CL, et al., 2016; 
Morgan RA, et al., 2010).
Off target off-tumor toxicity is the inflammatory reaction beyond the 
targeted tumor tissue. It is mediated through the CAR-T cell independ-
ently of target engagement (Miliotou AN and Papadopoulou LC, 2018).

Some advancements in CAR-T cell therapy for limiting toxicity
Transduction of CAR-T cells with inducible caspase-9 suicide gene that 
will switch off CAR-T cell proliferation in severe toxicity through gene 
expression and triggering apoptosis (Gauthier J and Yakoub-Agha I, 
2017; Minagawa K, et al., 2016) .
Bispecific CAR is a bispecific receptor containing two distinct intra-
cellular signaling domains that are expressed as two different CARs on 
single cell surface (Mohanty R, et al., 2019).
Tandem CARs are Chimeric Antigen Receptors where two particular 
antigen recognition sites joined by linker and placed in tandem on a 
single intracellular domain and expressed as single CAR on a cell sur-
face (Mohanty R, et al., 2019). Bispecific targeting can reduce antigen 
escape mechanism (Hegde M, et al., 2016).
Inhibitory CARs (ICARs) are antigen specific Inhibitory Chimeric 
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Antigen Receptor intended to control T cell responses (Fedorov VD, et 
al., 2013). Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)-and 
programmed cell death protein 1 (PD-1)-based iCARs can limit cyto-
toxicity and cytokine secretion induced by chimeric receptor activation 
(Fedorov VD, et al., 2013).

CONCLUSION 
AR-T cell therapy has revolutionized immunotherapeutic treatment of 
cancer and has a promising future. However, it can cause many toxic 
effects which require continuous monitoring and supplement treat-
ments. Advancements in CAR designs and further developments in 
managing toxicities can enhance anti-tumor efficacy of the therapy. 

DECLARATIONS
Availability of data and material
The datasets used during the current study are available from the cor-
responding author on request.

Author’s contribution 
BG is the main contributor in writing the article. SA and KS helped in 
reviewing the article. All authors have read and approved the article.

REFERENCES
1. Mattiuzzi C, Lippi G. Current cancer epidemiology. J Epidemiol Glob 

Health. 2019; 9(4): 217.

2. Gauthier J, Yakoub-Agha I. Chimeric Antigen-Receptor T-cell ther-
apy for hematological malignancies and solid tumors: Clinical data 
to date, current limitations and perspectives. Curr Res Transl Med. 
2017; 65(3): 93-102.

3. Martínez Bedoya D, Dutoit V, Migliorini D. Allogeneic CAR T cells: 
An alternative to overcome challenges of CAR T cell therapy in glio-
blastoma. Front Immunol. 2021; 12: 506.

4. Hay KA, Turtle CJ. Chimeric Antigen Receptor (CAR) T cells: Les-
sons learned from targeting of CD19 in B-cell malignancies. Drugs. 
2017; 77(3): 237-245.

5. Fesnak A, O’Doherty U. Clinical development and manufacture of 
Chimeric Antigen Receptor t cells and the role of leukapheresis. Eur 
Oncol Haematol. 2017; 13(1): 28-34.

6. Maude SL, Frey N, Shaw PA, Aplenc R, Barrett DM, Bunin NJ, et al. 
Chimeric Antigen Receptor T cells for sustained remissions in leuke-
mia. N Engl J Med. 2014; 371(16): 1507-1517.

7. Turtle CJ, Hanafi LA, Berger C, Gooley TA, Cherian S, Hudecek M, et 
al. CD19 CAR-T cells of defined CD4+: CD8+ composition in adult 
B cell ALL patients. J Clin Invest. 2016; 126(6): 2123-2138.

8. Abken H. Driving CARs on the highway to solid cancer: Some con-
siderations on the adoptive therapy with CAR T cells. Hum Gene 
Ther. 2017; 28(11): 1047-1060.

9. Brudno JN, Kochenderfer JN. Toxicities of chimeric antigen receptor 
T cells: Recognition and management. Blood. 2016; 127(26): 3321-
3330.

10. Graham C, Hewitson R, Pagliuca A, Benjamin R. Cancer immuno-
therapy with CAR-T cells-behold the future. Clin Med J R Coll Phy-
sicians London. 2018; 18(4): 324.

11. Neelapu SS, Tummala S, Kebriaei P, Wierda W, Gutierrez C, Locke 
FL, et al. Chimeric antigen receptor T-cell therapy-assessment and 
management of toxicities. Nat Rev Clin Oncol. 2018; 15(1): 47-62.

12. Miliotou AN, Papadopoulou LC. CAR T-cell therapy: A new era in 
cancer immunotherapy. Curr Pharm Biotechnol. 2018; 19(1): 5-18.

13. Hay KA, Hanafi LA, Li D, Gust J, Liles WC, Wurfel MM, et al. Kinet-
ics and biomarkers of severe cytokine release syndrome after CD19 
chimeric antigen receptor-modified T-cell therapy. Blood. 2017; 
130(21): 2295-2306.

14. Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N, Jensen M, et 
al. Current concepts in the diagnosis and management of cytokine 
release syndrome. Blood. 2014; 124(2): 188-195.

15. Ledford H. Cancer treatment: The killer within. Nature. 2014; 
508(7494): 24.

16. Prudent V, Breitbart WS. Chimeric antigen receptor T-cell neuro-
psychiatric toxicity in acute lymphoblastic leukemia. Palliat Support 
Care. 2017; 15(4): 499-503.

17. Bonifant CL, Jackson HJ, Brentjens RJ, Curran KJ. Toxicity and man-
agement in CAR T-cell therapy. Mol Ther-Oncolytics. 2016; 3: 16011.

18. Zhang Q, Ping J, Huang Z, Zhang X, Zhou J, Wang G, et al. CAR-T 
cell therapy in cancer: tribulations and road ahead. J Immunol Res. 
2020; 2020.

19. Morgan RA, Yang JC, Kitano M, Dudley ME, Laurencot CM, Rosen-
berg SA. Case report of a serious adverse event following the admin-
istration of T cells transduced with a chimeric antigen receptor rec-
ognizing ERBB2. Mol Ther. 2010; 18(4): 843-851.

20. Minagawa K, Jamil MO, Al-Obaidi M, Pereboeva L, Salzman D, Erba 
HP, et al. In vitro pre-clinical validation of suicide gene modified an-
ti-CD33 redirected chimeric antigen receptor T-cells for acute my-
eloid leukemia. PLoS One. 2016; 11(12): e0166891.

21. Mohanty R, Chowdhury CR, Arega S, Sen P, Ganguly P, Ganguly N. 
CAR T cell therapy: A new era for cancer treatment. Oncol Rep. 2019; 
42(6): 2183-2195.

22. Hegde M, Mukherjee M, Grada Z, Pignata A, Landi D, Navai SA, 
et al. Tandem CAR T cells targeting HER2 and IL13R α 2 mitigate 
tumor antigen escape. J Clin Invest. 2016; 126(8): 3036-3052.

23. Fedorov VD, Themeli M, Sadelain M. PD-1-and CTLA-4-based In-
hibitory Chimeric Antigen Receptors (iCARs) divert off-target im-
munotherapy responses. Sci Transl Med. 2013; 5(215): 172.

 Vol 12, Issue 10, Sep  Oct, 2021

https://doi.org/10.2991/jegh.k.191008.001
https://doi.org/10.3389/fimmu.2021.640082
https://doi.org/10.17925/eoh.2017.13.01.28
https://doi.org/10.1172/jci85309
https://doi.org/10.1182/blood-2016-04-703751
https://doi.org/10.1038/nrclinonc.2017.148
https://doi.org/10.1182/blood-2017-06-793141
https://doi.org/10.1038/508024a
https://doi.org/10.1038/mto.2016.11
https://doi.org/10.1038/mt.2010.24
https://doi.org/10.3892/or.2019.7335
https://doi.org/10.1126/scitranslmed.3006597



