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cause specific types of cancer.4,5 The genetic variation 
decreases the effectiveness of general therapies when 
treating ALL. The specificity of each case of ALL is a 
foundational reason for the creation of immunothera-
pies such as CAR T that can be individualized to a pa-
tient’s genetic history.6  
 

Treatment Options for B-ALL 
 
As a result of various mutations expressing ALL and 
the large age range affected by the disease, additional 
research is necessary for the development of treatment 
options that considers the genotype, phenotype, and 
risks involved for individual patients.1 Individualized 
treatment approaches vary, but consistently empha-
size remission-induction therapy followed by intensifi-
cation therapy and continuation treatment to maintain 
remission.1,7,8 
 
Chemotherapy is generally the first course of action for  

OPEN ACCESS 

What is B-Cell Acute Lymphoblastic                         
Leukemia? 
 
Acute lymphoblastic leukemia (ALL) is a cancer which 
is caused by the transformation and proliferation of 
lymphoid type progenitor cells in bone marrow, blood 
and extramedullary sites.1 B-cell acute lymphoblastic 
leukemia (B-ALL) is an aggressive form of ALL charac-
terized by the differentiation and proliferation of im-
mature white blood cells, called B-cell lymphoblasts, 
in the bone marrow and in circulation due to chromo-
somal abnormalities and genetic mutations .1 Statisti-
cal data from the American Cancer Society illustrates 
that ALL onset follows a bimodal distribution, affect-
ing those under 18 and over 50 years of age.2,3 There 
are many cytogenetic subtypes of ALL corresponding 
to a multitude of mutated or translocated genes which 
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This review examines CAR T CD19 immunotherapy, a newly FDA approved targeted therapy for B-Cell Acute 
Lymphoblastic Leukemia treatment. This therapy utilizes modified T cells from the patient's immune system, 
engineered to possess an anti-CD19 receptor that can recognize the specific CD19 antigen expressed on the sur-
face of malignant B-lymphocytes. Using this highly individualized treatment, cancer types with a high rate of me-
tastasis or relapse can be treated by the targeted nature of this therapy. The review aims to summarize the pro-
cess through which CAR T was developed, from its inception to FDA approval. The material examined is current 
until March 2019 and explores the mechanisms and management of CAR T cell toxicity experienced by patients 
undergoing treatment. Clinical trials from respective stages of development are also detailed and summarized. 
The viable treatment options for patients suffering from B-cell acute lymphoblastic leukemia (B-ALL) are out-
lined. Despite the promising remission rates of CAR T therapy, its accessibility is limited due to current cost of 
treatment. With advancements in technology and improved understanding of immune-based therapies, it is pos-
sible that this method  can become a more viable and affordable treatment option for patients in the future.  
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most treatment plans. It is referred to as the remission 
induction phase, in which 99% of the initial leukemia 
cells are eradicated without compromising the normal 
function of all systems.8 The most commonly used 
chemotherapeutics are glucocorticoids, such as pred-
nisone or dexamethasone which inhibit cell metabo-
lism to slow tumour growth.8 A second category of sys-
temic therapeutic agents include tyrosine kinase inhib-
itors (TKI) which inhibit protein phosphorylation, 
therefore protein function, in order to slow tumour 
growth.8 This treatment can be administered in con-
junction with various chemotherapies as combination 
regimes.9,10 This approach is a generalization because 
treatment plans vary, depending on the patient’s con-
dition and potential side effects of the therapy, despite 
the cancer’s aggressive phenotype.11,12 Older patients 
are not able to handle aggressive chemotherapy doses, 
therefore a regime is created using both chemotherapy 
and a TKI to reduce side effects while still attempting 
to reach the goal of remission induction safely.8,9  
 
Once remission is achieved, the next stage is to ensure 
the cancer is controlled and no longer proliferating at 
a high level. This phase is referred to as the intensifica-
tion phase. This phase includes high doses of metho-
trexate and asparaginase therapies.9,13 These treat-
ments tend to be around 20-30 weeks in length and 
consist of one or more anti-leukemic drugs at high 
doses to reinforce the current remission.14 The intensi-
fication phase can also include allogeneic cell trans-
plants which transfer stem cells from healthy individu-
als to cancer patients in order to replace the patient’s 
immune system cells and more effectively fight the 
malignant cells.5 In fact, 45-70% of long term survival 
rates of adult ALL can be attributed to transplantation, 
compared to 30-40%  attributed to chemotherapy.1,15,16 
 
The last phase of treatment is the continuation or pre-
ventative phase that requires prolonged treatment 
once the patient is in remission.1 Patients can be treat-
ed with potentially two more years of chemotherapy as 
a long term option.1 Another option is a daily combi-
nation regimen of methotrexate and mercaptopurine 
which interfere with cell growth, in order to ensure 
white blood cell counts are normal and the immune 
system is functioning normally.1 

and an intracellular domain that induces the signal 
transduction for T cell activation (Figure 1).18 The ex-
tracellular antigen binding moiety is a single-chain 
fragment variable (scFV) derived from antibodies re-
sponsible for recognizing and binding to tumour-
associated antigens (TAAs) expressed on the surface of 
malignant cells. The spacer component of the extracel-
lular domain acts as the connection between the anti-
gen binding moiety and the transmembrane domain. 
The transmembrane domain contributes to the stabil-
ity of the receptor and anchors the CAR to the cell 
membrane.18 The intracellular domain is mediated by 
co-stimulatory receptors that induce a signalling cas-
cade to generate an apoptotic or necrotic immune re-
sponse against malignant cells.19 The components of 
the intracellular domain have evolved since the initial 
development of CARs in 1989 by Dr. Eshhar’s group at 
the Weizmann Institute of Science, in Israel.19 Cur-
rently, there are three generations of CARs comprised 
of variable co-stimulatory receptors within the intra-
cellular domain.20 The CAR T structure is dynamic, in 
that it has evolved since its discovery, and will contin-
ue to change with improved understanding through 
research on its use and future applications against sol-
id tumours.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. The model is a visual representation of the 
chimeric antigen receptor structure. The extracellular 
domain consists of the scFv from a monoclonal anti-
body that recognizes a TAA. The hinges and trans-
membrane domains are used to link the recognition 
domain and the intracellular signalling domain con-
sisting of the CD3-  chain and co-stimulatory signal-
ling molecules. The CAR structure is shown in com-
plex with the signalling molecule Zap70. Image 
adapted on Biorender.21  
 

Procedure 
 
The inoculation of CAR T- cells in patients is a com-
plex, multi-step process shown in Figure 2. First, T 
cells are collected from the patient. Autologous T cells 
are collected by apheresis, a procedure that withdraws 
blood from the body. T cells are isolated and the re-
maining blood components are deposited back into the 
body.22,23 Then, T cells are re-engineered in a laborato-
ry. The T cells are sent to a laboratory where they are 
genetically modified using non-virus and virus-
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T cells are lymphocytic immune cells that protect the 
body from pathogens and malignant cells. The use of 
these engineered cells as a form of cancer therapy is a 
revolutionary scientific discovery, marking the begin-
ning of a new era in medicine. This form of therapy 
utilizes programmed T cells expressing chimeric anti-
gen receptors (CARs) on their surface to target tumour
-associated antigens.17 CARs are usually comprised of 
an extracellular domain consisting of an antigen bind-
ing moiety and a spacer, a transmembrane domain, 

PRINCIPLES OF CAR T CELL THERAPY 
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CD19 Target 
 
One of the most investigated targets for CAR-based 
therapy is the CD19 antigen due to its expression in 
most B cell leukemias and lymphomas, but absence in 
cells not in the B-cell lineage.17 The CD19 antigen ulti-
mately triggers cell lysis, therefore targeting this anti-
gen aims to control tumour proliferation.17 Further-
more, anti-CD19 CAR T cells have demonstrated suc-
cessful results in the treatment of relapsed/refractory 
(R/R) B-cell malignancies, such as Non-Hodgkin lym-
phoma (NHL), ALL, and Chronic Lymphocytic Leuke-
mia (CLL).17 Clinical trials have been conducted since 
the initial success of CD19 CAR T therapy and have 
shown complete remission in 70-94% of patients with 
B-cell malignancies.17 Promising outcomes in CAR T 
have been shown with the targets CD19, CD20, and 
CD30, expressing a CD28 or 4-1BB costimulatory do-
main, however the most success in clinical trials has 
been demonstrated by targeting CD19 for B-ALL spe-
cifically.17 
 
The Food and Drug Administration (FDA) and other 
regulatory agencies in the pharmaceutical industry 
have recognized CAR T therapy as a revolutionary 
treatment and have approved two anti-CD19 CAR T 

mediated transfer of nucleic acids into cells. The ex-
pression of foreign DNA produces CARs on the surface 
of the T cell. The CARs allow the T cells to recognize 
specific antigens on targeted malignant B-cells.22,23 

Next, the modified cells are grown in culture in the 
laboratory. This process can take a few weeks. Once a 
sufficient amount of CAR T cells have been expressed/
grown, they are frozen and sent to the hospital where 
the patient is being treated.22,23 

 

Prior to CAR T cell infusion, patients receive a brief 
course of lymphodepleting chemotherapy- referred to 
as conditioning therapy, to suppress the patient’s im-
mune system to prepare for incoming CAR T cell and 
to promote proliferation.22,23 Next, the CAR T cells are 
thawed and infused into the patient’s bloodstream in a 
process similar to a blood transfusion. These cells are 
then able to induce apoptotic and necrotic effects on 
the cancer cells that possess the targeted antigen on 
their surface. During this stage, patients may receive 
medication to prevent and/or regulate side effects (see 
Mitigating Side Effects section for more detail).22,23 

Lastly, patients who have received CAR T therapy have 
a risk/recovery period of two to three months, during 
which time they are closely monitored. CAR T cells 
may eradicate all cancer cells, however some may re-
main active in the body months after infusion.22,23 

Sciential  | March 2020 

4 

Figure 2. Visual representation of the multi-step CAR T cell immunotherapy procedure for 
infusing the genetically modified T cells in the patient’s bloodstream to attack anti-CAR ex-
pressing malignant cells. Image adapted from (22).  
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cell therapies.18,24 Tisagenlecleucel, also known as 
Kymriah, was the first CAR T therapy approved by the 
FDA on August 30, 2017, for the treatment of relapsed 
and refractory B-cell ALL and refractory diffuse large 
B-cell Lymphoma (DLBCL).18,24 Axicabtagene ci-
loleucel, also known as Yescarta, is the second CD19-
directed genetically modified T cell therapy approved 
by the FDA. It was approved on October 18, 2017, for 
the treatment of relapsed and refractory B-cell lym-
phomas and leukemias in adult patients.18,24 
 
Each of the FDA approved anti-CD19 CARs contain 
either the CD28 or 4-1BB costimulatory domain inter-
acting with the CD3-  chain.19 Each of these domains 
induce a signal cascade that ultimately results in T cell 
activation, proliferation and necrotic/apoptotic effects 
on malignant cells.19 

4-1BB Co-Stimulation 
 
4-1BB is a transmembrane protein expressed on acti-
vated T cells and APCs 4-1BBL is expressed on APCs 
which binds to 4-1BB to induce T cell responses via the 
tumour TNF-associated factors, TRAF 1 and 2.19 This 
results in the subsequent activation of NF-kB, AKT, 
p38 MAPK and ERK pathways.28 Through the previ-
ously mentioned pathways, 4-1BB signalling enhances 
T cell proliferation, cell cycle progression, cytokine se-
cretion, cytolytic potential and resistance to trans-
forming growth factor suppression.19 This co-
stimulation-mediated protein increases IFN and IL-2 
secretion by CD8+ T cells via T-helper cells (Th4), and 
IL-2 and IL-4 secretion by CD4+ T cells.19,29 IL-2 is a 
critical component for the growth and death factor of 
antigen activated T lymphocytes.19,29 Alternatively, IL-
4 serves as autocrine growth and differentiation fac-
tors, resulting in the proliferation and differentiation 
of T cells into effector cells.30  
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CD3 Zeta Chain 
 
The multi-subunit TCR is composed of a TCR                       
heterodimer, a ζ family homo-and heterodimer,               
and CD3 chains.25 The CD3 chain is a protein encoded                  
by the CD247 gene in humans and expressed on the                  
T-lymphocyte surface. Activated TCRs induce                    
tyrosine phosphorylation of the antigen recognition 
activation motif (ARAM) in the cytoplasmic domains 
of ζ chains and each of the CD3 chains.25 After                
TCR activation, the cytoplasmic protein tyrosine             
kinase (PTK) ZAP-70 rapidly associates with the                  
ζ and CD3 chains and undergoes tyrosine phosphory-
lation. The TCR-CD3 complex plays a key role in                              
antigen recognition and transmembrane signalling.26 
 

CD28 Co-Stimulation  
 
CD28 increases TCR sensitivity by lowering the          
signalling threshold required for T cell activation.19 
CD28 contains a cytoplasmic tail composed of several 
motifs that initiates specific protein-protein interac-
tions.20 Alternative functions of the CD28 domain, 
specifically in the immunological synapse between              
T cells and CD19 antigen presenting cells (APCs),               
includes cytokine production, cell cycle progression, 
apoptosis, epigenetic structure modification and me-
tabolism.19 The activation of CD28 requires binding 
with ligands CD80 or CD86 expressed on APCs.19,20 
However, it is suggested that CD86 plays a greater role 
in initiation and CD80 in maintenance of immune re-
sponses.19 CD28 co-stimulation is critical for IL-2 se-
cretion and Bcl-XL expression by the recruitment of 
the P13K/Akt pathway that has been previously acti-
vated by a series of signalling proteins. Bcl-XL is an 
anti-apoptotic protein that enhances cell survival 
whereas, IL-2 is a T cell cytokine necessary for prolif-
eration.20,27  

MECHANISMS OF ACTION 

Pre clinical trials of CAR T began in 2002 which pro-
vided early indications of CAR T efficacy.31,32  
 
Table 1 outlines the stages of clinical trials for both 
Yescarta and Kymriah. The trials for Yescarta are cur-
rently active for ZUMA-2,3 and 4, however the therapy 
was  approved by the FDA on October 18, 2017, based 
on early results from the  ZUMA-1 trial.33  Kymriah 
was approved on May 1, 2018, based on the JULIET 
trial, however, the ELIANA trial was underway during 
the approval process as well.34  
 
The FDA approval of Yescarta and Kymriah CAR T cell 
therapy for the treatment of R/R B-cell malignancies 
was dependent on the results of the final stages of the 
clinical trials (Table 1). Based on the results of the ZU-
MA-1 trials for Yescarta, 83 % of the 108 CAR T cell 
infused patients indicated a degree of complete remis-
sion, with no deaths induced by the immunothera-
py.36,38 The following phases of the ZUMA trial (2 to 4) 
could not be analyzed since these trials are currently 
underway.  
 
On the other hand, Kymriah FDA approval was at-
tributed to the JULIET and ELIANA trials. The JULI-
ET clinical trial results showed complete remission in 
95% of patients after 3 months of CAR T cell infu-
sion.43 The death of three patients in the clinical trial 
was not attributed to Kymriah administration, or Cy-
tokine-Release Syndrome (CRS) and neurological 
events caused by the therapy.43 Additionally, the ELI-
ANA trials demonstrated complete remission in 60% 
of infused patients. The high rates of remission in the 
trials of Yescarta and Kymriah have demonstrated the 
effectiveness of anti-CD19 CAR T cells against B cell 
malignancies in pediatric and adult patients.43 The re-

CLINICAL TRIALS 
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sults of these clinical trials reveal the dramatic                  
efficacy of CD-19-targeted CAR T cells which have             
induced complete remission in up to 90% of                        
patients with relapsed/refractory B-ALL, that would 
have otherwise had an expected response rate of               
30% with chemotherapy.46 However, this success                     
is accompanied by adverse effects, including                         
cytokine release syndrome and neurotoxicity.43 Post 

Table 1. Summary of clinical trials leading to the FDA approval of Yescarta and Kymriah.  

marketing studies have been conducted to assess                   
long term safety and risks of secondary malignancies. 
Numerous studies continue to explore new ways               
of minimizing the side effects accompanying CAR T 
cell therapy. With the potential to mitigate these               
side effects, the applications of CAR T therapy                     
for the treatment of alternative forms of cancer is end-
less. 
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The most common side effects of CAR T therapy 
across many clinical trials is Cytokine-Release Syn-
drome (CRS) and neurological toxicities. CRS is a sys-
temic inflammatory response triggered by elevated 
cytokine release, known as a cytokine storm, as well as 
increased T cell activation and proliferation, shown in 
Figure 3.45 Currently, there are multiple grading sys-
tems to identify and clinically treat various stages of 
CRS. Davila et al. (2014) suggests using IL-6 protein 
levels as an analogous measurement of antibody lev-
els, where an increase in either protein concentration 
is an indication of an inflammatory immune re-
sponse.47 Implementing a standardized monitoring 
system across all international treatment centres could 
help to optimize treatment methodology and improve 
the quality of life of patients.47 Neurological toxicity is 
generally viewed as a secondary outcome to CRS alt-
hough the mechanism by which this occurs is not un-
derstood.48,49 Burdno et al. (2016) hypothesized that as 
IL-6 levels increase, this protein serum congregates in 
the brain and causes secondary toxicity effects.48 Fur-
thermore, a second hypothesis suggested by Rooney et 
al. (2018) includes IL-6 as a cause of CRS, but demon-
strates IL-1 to be the cytokine that specifically causes 
neurological toxicity (Figure 3).50   
 
In a foundational study conducted by Maude et al. 
(2014), 100% of patients treated with CAR T CD19 
therapy experienced CRS symptoms, 27% of which ex-
perienced severe symptoms.51 Symptoms of mild CRS 
commonly include fever, hypotension, rapid heart rate 
as a result of hypoxia, organ dysfunction, and rash-
ing.51 Mild to moderate CRS generally occurs within 4 
days of the first infusion and is usually monitored for 
the length of the entire study.53 Severe and life-
threatening CRS symptoms reported in Yescarta clini-
cal studies included cardiac arrhythmias, renal insuffi-
ciency, cardiac arrest or failure, capillary leak syn-
drome and macrophage activation syndrome.52 

 

The immunosuppressant, Tocilizumab, is FDA ap-
proved for the treatment of severe CRS due to its func-
tion as an IL-6 receptor antagonist.51 For both FDA 
approved CAR-T immunotherapies, Kymriah and Yes-
carta cite CRS as the most common side effect and rec-
ommend tocilizumab as a first response to any serious 
CRS symptoms.48,52 

 

Neurological toxicities often occur concurrently to 
CRS, causing mild to severe toxicity symptoms. Mild 
forms include dizziness, confusion and delayed verbal 
response, which generally manifest within the first 4 
days after infusion and subside within 8 weeks of CAR 
T therapy initiation.54,55 More severe side effects in-
clude global encephalopathy, hallucinations, delirium, 
cognitive defects, seizures and cerebral edema.52 A 
study conducted by Burdno et al. (2016) hypothesized 

that Tocilizumab cannot cross the blood-brain barrier 
due to its large molecular size.48 As a result, cortico-
steroids are generally administered as a first line re-
sponse to symptoms of neurological toxicity because 
the molecular structure and charge allows it to perme-
ate the blood-brain barrier.48,49 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.  A simple model for CRS depicting the in-
teraction between CAR T cells with tumour cells as 
well as macrophages. The macrophage interaction ac-
tivates the release of IL-6 and IL-1 chemokines, which 
further activates the innate immune response and ex-
acerbates the inflammatory signals causing CRS and 
neurotoxicity. Image adapted on BioRender.53 

MITIGATING INHERENT SIDE EFFECTS 

FUTURE CONSIDERATIONS—VIABILITY 
FOR SOLID TUMOURS 

Overcoming Microenvironment and Immune 
Suppression 

 
The microenvironment created by solid tumours              
presents many challenges for immune modulating 
therapies. One way to mitigate this challenge is by the 
introduction of a fourth generation CAR T cell that is 
“armoured”.56 These cells are engineered to withstand 
the toxic microenvironment by coupling the                             
antitumour effect of CAR T with the secretion of IL-2 
or IL-12.56 IL- 12 is a heterodimeric cytokine produced 
by the activation of inflammatory cells such as T                   
lymphocytes and natural killer (NK) cells.57 To prevent 
toxicity associated with constitutive IL-12 production, 
a study by Zhang et al. (2011) attempted to create             
an inducible promoter for transcribing the protein.57 
To do so, an inducible  retroviral vector was developed 
alongside a nuclear factor of activated T cells              
(NFAT)-responsive promoter to restrict IL-12                      
expression to specific tumour antigen recognition.  
Although this is the first study that has attempted to 
control IL-12 expression in this manner, the use                    
of this method demonstrates promising results and              
is thereby continuing to be explored.57 This modifica-
tion is the beginning for establishing an “on and off” 
mechanism  for future immune modulating thera-
pies.58  
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Although CAR T therapy has shown promising results 
for the treatment of R/R B-ALL, it is critical to note 
the accessibility of this new innovative immunothera-
py to the public. In order to determine the most bene-
ficial treatment plan for a patient suffering from ALL, 
it is important to consider all treatment options, while 
concurrently observing the financial burden each 
treatment would impose on the individual. 
 
Currently, the cost of CAR T therapy in the United 
States ranges from $373,000 to $475,000 for Yescarta 
and Kymriah, respectively.61 The high estimated cost 
of these therapies does not include hospital stays and 
extended treatments for patients who experience CRS 
or other adverse effects. It is important to note that 
there is no information available for CAR T therapy in 
Canada as it has only been conditionally approved by 
Health Canada since September 5, 2018. However, it is 
not available to Canadian residents yet as several com-
ponents of this decision need to be finalized. Current-
ly, Health Canada offers coverage  for patients 3-25 
years of age.61 This however does not specify coverage 
for  leukapheresis, or other essential techniques asso-
ciated with the therapy. Negotiations are ongoing be-
tween Novartis and Canadian Cancer Care Ontario, 
with plans to reduce the manufacturer cost by at least 
half before government coverage is offered to the pub-
lic.62 Using the assumption that the procedures associ-
ated with the CAR T treatment are not covered under 
this negation, the cost should be minimal. For exam-
ple, the leukapheresis procedure necessary to extract 
the white blood cells will cost approximately $550 
CDN.63 This estimate is based on the current rate of 
plasma exchange procedures which is another type of 
apheresis treatment that requires similar equipment 
and treatment costs. Currently, Kymriah’s only trial 
centre in Canada is located at the SickKids hospital in 
Toronto, therefore creating an additional cost for those 
that live out of province.64 

 

Based on the cost analysis of the current treatment 
options, there are many financial implications that ac-
company these treatments for patients with B-ALL, 
apart from the therapy itself.65 These include hospital 
stays, therapy cost, ongoing physician care and trans-
portation costs if the treatment is only offered at spe-
cific institutions.66,67 The standardized treatment op-
tions for B-ALL are chemotherapy, radiation therapy, 
or stem cell transplants.67 Of these three options, 
chemotherapy and radiation therapy require multiple 
visits by patients undergoing this particular treatment 
plan. Based on this, it is important to consider that the 
individual would experience higher hospital care and 
transportation costs, compared to the same patient 
undergoing a stem cell transplant or CAR T therapy. 
Stem cell transplants usually require patients to re-
main in the hospital for a period of 2-6 weeks until the 
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A fundamental limitation to immunotherapies for sol-
id-tumour cancers is the lack of adaptation to hetero-
geneity at the immunological level of the tumour le-
sion.59 Antigen specific targeting provides powerful 
and long lasting effects against tumour cells, however, 
only on a very small scope of cells at a given time.59 
One way to navigate the restrictive nature of this ther-
apy is to potentiate the endogenous immune system, 
suppressed by the tumour, to recognize and destroy 
cells not directly targeted by the CAR-T therapy.57,59 IL
-12 secretion can recruit and reinforce innate macro-
phage function, thereby encouraging the detection and 
destruction of antigen lacking cancer cells that would 
not have been otherwise detected by the therapy it-
self.57,59 This accumulation of macrophages also con-
tributed to a sustained antitumor response.57 Thus, the 
induction of IL-12 provides access to otherwise inac-
cessible tumour regions as these cells are undetectable 
using the antigen targeting method of CAR T and pro-
vide a proinflammatory response.58 Antigen-lacking 
cells are partially responsible for the progression of 
tumours despite treatment with antigen specific thera-
pies, as they are able to evade the modified T cells and 
continue to proliferate and increase the strength of the 
tumour and the microenvironment it creates.60 Since 
this proposed process would occur with the patient’s 
innate immune system, the toxicity associated with 
this IL-12 catalyzed process is theoretically far less 
than direct CAR T binding and subsequent cytokine 
release.59 More research is required to find other po-
tential immunostimulatory cytokines to create an im-
munological memory and independently suppress the 
reoccurrence of tumours using the innate immune re-
sponse as a first line of defense.60  
 

Overcoming Physical Barriers 

 
There are also physical barriers that must be mitigat-
ed. Specifically, when treating solid tumours present 
in the epithelial and mesenchymal compartments 
which are not significant in hematopoietic cancers.55 
One study by Pegram et al. (2014) has shown that en-
gineered T cells may not currently be equipped with 
the tools required to break through these outer barri-
ers compared to natural immune cells.60 The traffick-
ing of immune cells towards the tumour foci is signifi-
cantly inhibited by the overexpression of ligands and 
receptors on the tumour endothelium.60 T lympho-
cytes are able to degrade the extracellular matrix spe-
cifically the heparan sulphate proteoglycans (HSPGs) 
component during extravasation.55 Natural T cells do 
this by expressing heparanase (HPSE) to degrade the 
HSPGs and access the tumour cells.55 Recent studies 
show that HPSE mRNA is downregulated in in vitro-
expanded T cells, therefore by engineering cells to ex-
press or overexpress this enzyme, CAR T cells may be 
able to infiltrate further into stroma-rich solid tu-
mours and decrease the barriers associated with solid 
tumour contact.55  

BUDGET PLAN AND TREATMENT OPTIONS 
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patient’s blood cell count returns back to normal levels 
after transplantation.67,68 In contrast, CAR T therapy 
patients usually stay in the hospital for at least 7 days 
after receiving treatment, and are required to stay 
within 2 hours travel time of the hospital for regular 
follow ups until at least 4 weeks after leaving the hos-
pital.69 The cost to stay in a location within this trans-
portation time range is an additional cost to consider, 
however, the Canadian Cancer Society offers cancer 
lodges that are available to cancer patients with a low-
er price for overnight stay, including meals.70 It is im-
portant to note that chemotherapy treatment can be 4-
6 months in length.68 With this treatment option in 
mind, transportation, extended stay near the treat-
ment centre, and other additional costs which can ex-
tend over a relatively long period of time can result in 
accumulating financial burden. In addition to the pri-
mary cost of all treatment modalities, secondary costs 
associated with hospital stay must be accounted for 
when analyzing treatment options. For example, radia-
tion therapy is administered in fractions lasting ap-
proximately 5-8 weeks, with the number of fractions 
depending on the treatment plan.71 Although this is an 
outpatient service, daily radiation treatments require 
additional costs similar to those for chemotherapy and 
stem cell transplant.36  
 
The present cost of CAR T therapy is out of reach for 
those without coverage or adequate personal funding. 
Therefore, it is not recommended for patients who 
have access to less expensive options. Due to the high 
remission rate demonstrated by clinical trials, CAR T 
is an effective option for patients who have not seen 
success with the traditional treatments, in which case 
CAR T would be recommended based solely on suc-
cessful remission rate. Overall, CAR T therapy is ex-
tremely effective, and is recommended for those who 
can afford it at its current price. Every cancer treat-
ment has the potential to be a large financial burden 
on the patient and their family, therefore it is neces-
sary to plan for each unique case. CAR T therapy has 
promising advancements in the future as a cancer 
treatment and could one day become a main treatment 
modality.  

cluding those for Kymriah and Yescarta have shown an 
improved safety profile and remission rate. The side 
effects caused by these therapies can be severe such as 
neurotoxicity and CRS, however there are now many 
techniques to mitigate adverse effects  to ensure pa-
tient safety. The next step for CAR T therapy will be to 
overcome the physical and physiological barriers asso-
ciated with solid tumours, in order to become a viable 
treatment option for solid tumour cancers in the fu-
ture. CD19-targeted CARs have paved the way for en-
gineered T cell therapies with high response rates 
against relapsed and refractory B-cell malignancies. 
Although CAR T has shown beneficial responses in 
highly refractory populations, there are several limita-
tions that must be considered.71,72 The complex prepa-
ration, economic factors, lack of accessibility in certain 
countries (ie. Canada), and the inability to successfully 
treat solid tumours complicates the potential for this 
therapy to reach a broader public. As CAR T cell tech-
nology continues to develop, there is the potential for 
the discovery of a more viable, affordable CAR T treat-
ment option with improved safety and efficacy. 
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B-ALL is an aggressive leukemia subtype with wide 
genetic variation requiring individualized treatment. 
Current treatment options include general systemic 
chemotherapy and combined therapeutic treatments. 
By utilizing the body’s immune system, a greater level 
of personalized medicine can be achieved as the proce-
dure of CAR T therapy retrieves and modifies T cells 
directly from the patient. The CD19 target in particular 
has shown great promise since it is only expressed on 
malignant B cells in B-ALL. Additionally, both of the 
current FDA approved treatments; Kymriah and Yes-
carta utilize the CD19 target.  Several clinical trials in-

CONCLUSION 
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