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Introduction
In recent years, researchers recognized cancer as a major cause 

of death throughout the world [1]. There are many studies being 
conducted to find an effective treatment in addition to cytotoxic 
immunotherapies and conventional therapies [2]. One promising 
area of research for potential treatment is chimeric antigen 
receptor (CAR)-T cell therapy [3]. Essentially, T cells that are 
acquired from patient blood are altered in vitro to express artificial 
receptors that recognize a tumor antigen, therefore targeting the 
antigen [4]. CAR-T cell therapy has been proven to successfully treat 
blood cancer, as well as change the scope of treatment for lymphoid 
malignancies. The potential for this new therapy could change the 
course of cancer [5]. 

There are several steps of performing CAR-T therapy, but 
the process is not the only component; there are other things to 
consider, such as the individual response from the patients, and 
most importantly, the outcome [6]. The first step of the process is 
to extract blood from the patient in order to obtain the T-cells from 
the blood [7]. Leukapheresis is used to return the red blood cells to 
the patient. Next, the T-cells will receive new genetic instructions 
to produce chimeric antigen receptors (CAR) and some other 
molecules that are engineered to target the malignancies [8]. Then, 
the researchers cultivate and induce the CAR-T cells until there are 
enough to successfully target the cancer cells [9]. The patient must 
receive chemotherapy since it is possible for the immune system to 
reject the new cells [10]. Afterwards, doctors will infuse the new  

 
CAR-T cells into the bloodstream; the advanced CAR-T cell receptors 
will now be able to recognize cancer cells and attach to the antigens, 
which are proteins in the malignant cells [11]. Essentially, the new 
cells collaborate to eliminate the cancer cells. As a result, the CAR-T 
cells will continue to multiply to protect the patient from any 
possible new cancer cell that contains the antigen that the CAR-T 
cells were engineered to identify [12]. 

Besides the facts that there are many successful cases in using 
CAR-T cell therapy and that the U.S. Food and Drug Administration 
(FDA) approved of the practice due to accomplished clinical trials, 
there are instances of failure with this new treatment [13]. For 
example, there are reports of the relapse of cancer after receiving 
the treatment [14]. There could be many reasons behind this; one 
instance could be if the chimeric antigen receptors are not activated, 
so the T cells do not have the ability to identify cancer cells [15]. 
Another cause is the lack of induction of the T cells, meaning that 
there are not sufficient cells to successfully eradicate all cancer 
cells [16]. In turn, the malignancies will replicate rapidly, spreading 
throughout the body [17]. In fact, the cancer cells could mutate, 
changing the antigen and causing the chimeric antigen receptors to 
be useless since it will not be able to recognize the mutated antigen 
[18]. 

These are the risks and benefits of CAR-T cell therapy, but there 
are many more details that will be in the sections that follow [2]. 
For a completely effective treatment, researchers need to ensure 
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that all the cancer cells are certainly eliminated without a doubt 
to erase the possibility of a relapse [19]. In addition, they need to 
verify that the CAR-T cells are reproducing properly [20]. There 
are several other components to check before CAR-T therapy can 
be completely triumphant over cancer cells with great ability to 
replicate and differentiate [21]. 

Generations from Clinical Trials
Scientists have been changing the design of the chimeric 

antigen receptors to adapt to the breakthroughs found throughout 
clinical trials [22]. There are four main generations, and researchers 
applied adjustments for more effective identification of malignant 
cells in each succeeding generation [23]. It is important to know 
that each individual generation consisted of a crucial element that 
is used for the following generations and contributes to overall 
research of CAR-T cells [24]. 

The key transmitter of endogenous T-cell receptors (TCR) 
signals of the first-generation CAR-T model is a CD3ζ chain [25]. 
However, they were only designed with the CD3 domain [26]. 
Although there was absence in activation which resulted in 
insufficient attacks on cancer cells, the tumor microenvironment 
(TME) had consistent exposure and allowed a therapeutic 
consequence for patients [27]. However, these patients specifically 
had either B‐cell lymphoma infused with α‐CD20‐CD3ζ or are 
patients diagnosed with neuroblastoma and were tended with 
scFv‐CD3ζ CAR T cells [28]. The constructional components of scFv, 
an antibody or B cell receptor, includes light and heavy chains; 
these parts are merged with the T cell that activates the TCR ζ chain 
or the CD3ζ domain for the purpose of creating activating receptor 
molecules that are not restricted by MHC [29]. The drawback of 
the first-generation CARs (Chimeric Antigen Receptors) was their 
restricted signaling ability because of either the persistent cytokine 
release or the ability to fill the resting T cells or control the lasting 
T-cell responses [30]. Despite the disadvantages, researchers drew 
the successful components from the first-generation CARs and 
modified it to construct the second-generation CAR-T cell therapy. 
The experiments with first-generation CARs took place in the first 
phase of clinical trials [31]. 

After the phase I clinical trials, the first-generation models 
of CAR-T cells had to possess a more successful anti-leukemic 
response [32]. There were complete remission rates varying up to 
90% of the patients that had recurring B-cell acute lymphoblastic 
leukemia (B-ALL) [33]. From this observation, researchers created 
the second-generation anti-CD19 T cells combined with either a 
CD24 co-stimulatory domain or a 4-1BB connected to the domain 
of CD3 [34]. Predicting the problems, the second-generation CARs 
were primarily created to merge intracellular signaling domains 
from various co-stimulatory molecules [35]. Examples of these 
molecules include 4-1BB, CD137, and CD28, and others that can 
increase the intensity of the signal [36]. Virtually, the second-

generation CARs carry a CD3ζ chain with a sole costimulatory 
molecule, hence the classification of the second-generation CAR 
[37]. For instance, the CARs recognizing CD19 includes the CD28 
or 4-1BB signaling domains, which produced remarkable complete 
response, or CR rates [38]. This reaction is specific to patients 
who have recurrent B-cell malignancies [39]. Fundamentally, the 
second-generation receptors work as “living drugs.” This is because 
the CD28-based CARs can multiply quickly, which increases the 
function of T effector cells [40]. Essentially, the agglomeration 
of T cells was partly because of the CARs based on 4-1BB [41]. 
After taking the innovations of the first-generation CARs, the 
second generation offered a better accumulation rate for T cells, 
which is an enormous success for researchers [42]. Despite the 
accomplishments, there are still pieces that are in question or have 
the potential to be improved to be more effective [43]. 

Building off the second-generation CARs, the third-generation 
CARs expand the eradication of cancer cells [44]. The third-
generation CARs once again include the CD3ζ chain in addition to 
two signaling domains. Examples include the CD3ζ‐CD28‐4‐1BB 
and CD3ζ‐CD28‐OX40 [45]. The purpose of this is to enhance 
the activation signal, upgrade the cytokine production which 
will lead to potent function and increase the time that the cells 
proliferate [46]. This is all a result of the third-generation CAR-T 
cells combining the signaling potential of the two costimulatory 
domains as mentioned with the second-generation CARs [47]. 
Separately, one case of the third-generation CARs that included 
α‐CD19‐CD3ζ‐CD28‐4‐1BB disclosed of complete remission rates, 
which was possible by permeation and lysing of the cancer tissue in 
chronic lymphocyte leukemia patients [38]. Although this success 
is important since if proves the effectiveness of CAR-T cell therapy, 
there are severe consequences to the treatment [6]. The cause of 
this is the CAR-T cells being uncontrollable; this is a double-edged 
sword because although it eliminates tumors, it potentially causes 
pulmonary failure with will end in death [48]. Additionally, the 
sharp increase of production of the pro-inflammatory cytokines is 
problematic, as well as the possibility of multi-organ dysfunction 
[49]. One significant phase I trial of BrainChild-01 (NCT0350091) 
began exploring the maximum capability of the third-generation 
CAR-T cells that target the tumor cells that express HER2 [50]. This 
was conducted directly through an inherent CNS (Central Nerve 
System) catheter [51]. Overall, the third-generation CARs were 
a success besides the after-effects of treatment [52]. Researchers 
continue to conduct trials in order to find out how to suppress the 
T cells after eradication of cancer cells [53]. 

Finally, the fourth-generation CARs are derived the preceding 
generations. While its predecessors are contingent on a specific 
strategy and assisted to arbitrate the antitumor response in the T 
cells, the fourth-generation CARs consisted of something different 
[54]. The earlier generations had restrictions like the absence of 
antineoplastic activity against solid tumors [55]. The cause of this 
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is the huge phenotypic heterogeneity and the decline allocated to 
antigen-negative cancer cells [56]. Researchers progressed in study 
to innovate a novel CAR stratagem. The introduction of the fourth-
generation CAR instituted the background of the tumor through 
the transgenic immune modifiers expression, like interleukin (IL)-
12 [57]. The function of the IL-12 is to initiate the activation of 
innate immune cells, and also to magnify T cell activation, which 
in turn lowers the antigen-negative cancer cells in the lesion that 
are marked [58]. The fourth generation CARs’ antitumor activity 
is actually also known as T-cells redirected for universal cytokine-
mediated killing, or TRUCKs [59]. These will be further genetically 
modified and include but are not limited to supplementary 
transgenes for the purpose of secreting cytokine like IL-12, or 
perhaps costimulatory ligands [60]. Overall, the CARs have evolved 
greatly throughout the generations with improvements after each 
one [61]. 

Tumor Microenvironment 
Problems

In order for CAR-T cells to be effective after being injected into 
cancer patients, they have to invade the tumor and identify the 
antigen on the cancer cells to kill them [7]. However, this takes 
place in the tumor microenvironment, which houses competition 
and hostile components [62]. Additionally, the TME is hypoxic and 
lacks many nutrients that T cells need to proliferate [63]. Also, the 
tumor microenvironment contains tons of metabolic end products 
that have an immunosuppressive quality [64]. Nevertheless, the 
TME is essential to the body response to the treatment, along with 
the capability of decreasing the T cell action, making the therapy 
less effective [65]. This is shown in the molecular or cellular 
profiles that specify the T cell dysfunction [66]. Overall, there are 
many obstacles the T cells will encounter in the TME, but there are 
also strategies presented that can counter the effects [67]. 

Along with the solid tumor cells are other populations of cells 
like myeloid-derived suppressor cells (MDSCs), tumor-associated 
macrophages (TAMs), cancer-associated fibroblasts (CAFs), and 
Tregs [68]. As a result, there is intense competition for nutrients, 
consistent antigenic stimulation, and the immunosuppressive 
networks can cause the T cell to burn out in the TME [69]. Another 
disadvantage is that T cell requires amino acids to function properly. 
Examples of the amino acids include glutamine and arginine, which 
are typically rare in the TME, meaning T cell abilities are restricted 
[70]. After T cells activate, there is a surge in glucose uptake and 
the glycolytic rate increases in order to enhance proliferation 
so they can function properly and effectively [71]. Additionally, 
metabolic adaptation in T cells may result in metabolites building 
up [72]. This can cause change in the epigenetic environment that 
can impact the fate and the function of the T cells [73]. Finally, the 
metabolic end products in the TME are immunosuppressive [74]. 
Once example is when tumorigenic R-2-hydroxyglutarate has 

isocitrate has isocitrate dehydrogenase ½ mutations and contains 
electrolyte concentrations that are immunosuppressive [75]. The 
competition and molecules in the TME could be very dangerous to 
CAR-T cell therapy.

Solutions

There are some designs for CAR-T cells that are possible 
through the hypoxia pathway in the TME [76]. However, the 
option to have the highest costimulatory domains in the CAR could 
be restricted by the oxygen availability in the TME [77]. Other 
potential methods include designing CARs that are not active in 
environments with more oxygen but are active in the TME so that 
the remote toxicities are reduced. Some innovative approaches to 
enclose CAR expressions to the TME are presented [78]. One of 
them is to introduce hypoxia-inducible factors (HRE) regions on 
the building promoter [79]. Another one is merging the domain 
of hypoxia-inducible factor (HIF) domains within the cell of CAR 
to further the degradation and hydroxylation of the CAR when 
oxygen is present [80]. However, both approaches depend on the 
mechanism of the endogenous T cell to sense oxygen to control CAR 
expression [81]. On the other hand, the activity of CAR-T cells can 
be directed to the antigens that are expected to upregulate during 
hypoxic conditions in solid tumors like carbonic anhydrase IX [82]. 
Immunosuppressive pathways in the TME is enhanced by hypoxia, 
and they provide conjunctive therapeutic strategies [83]. Both HIF 
and hypoxia increase the expression of programmed cell death 
ligand 1 (PD-L1) and many other factors that hinder T cell responses 
[84]. Other immune checkpoints besides PD-L1 includes ligands for 
TIM-3, LAG-3, and TIGIT [65]. Other immunosuppressive cytokines 
like IL-10 and transforming growth factor (TGF)-b are secreted by 
Tregs, MDSCs, and CAFs. The TME contains loads of cytokines that 
inhibit the function of T cells [85].

As for strategies to better the efficacy of CAR-T in the TME, 
various preclinical studies concluded that amalgamating PD-1 or 
PD-L1 blockade with CAR-T cell therapy enhances the function 
of T cells [86]. In order to decrease consequences from systemic 
checkpoint blockade, researchers genetically modified CAR-T 
cells so that they express a PD-1 or CD28 switch; an alternative 
expression is to truncate PD-1 receptor that works as a dominant 
negative receptor (DNR) [87]. Additionally, the CRISPR-Cas9 gene 
editing removed PD-1 from CAR-T cells. These methods improved 
the function of CAR-T cells in the preclinical models [88]. However, 
these procedures have been limited in the clinical experience, as 
only PD-1 knockout abTCR T cells have been considered clinically 
[89].  There are some other techniques, like prohibiting CTLA-4 or 
FAS expression on the cell surface of CAR-T or tumor specific cells 
[90]. Newer research presented that DNR expression FAS receptor 
also enhanced the T cells and their role in therapy [91].

The other problems that the TME presented were cytokines 
that inhibited T cell function [92]. However, this can be solved 
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by DNR expression, or cytokine switch receptors (CSRs) that 
transform a hindering signal into a signal to promote proliferation 
[93].  Cytokine DNRs include DNR-TGF-b receptors [94]. The EBV 
specific T cells that express the DNR-TGF-b for EBV+ lymphoma 
have been assessed in the early phase of clinical studies to ensure 
safety measures and correct function in contrast to their unmodified 
counterparts [95]. The IL-4 that’s generated in the TME are used 
by the CSRs [96]. This includes IL-4/IL-2, IL-4/IL-7, and IL-4/IL-21 
CSRs. In fact, the IL-2/IL-4 CSR is being assessed in an early phase 
clinical study (NCT01818323) [97]. Moreover, colony-stimulating 
factor-1 (CSF-1) is a cytokine in the TME, but the T cells do not 
express the cognate receptor [98]. There are studies researching 
this, like a preclinical study that demonstrated CSF-1R expression 
in CAR-T cells enhances their function [20].

An additional component in the TME are chemokines, which 
are necessary in regulating tumor growth and metastasis [99]. If 
there is a lack of expression of chemokine receptors or mismatches 
occur between chemokine ligands and receptors, tumors can elude 
the immune response [100]. Some researchers modified CAR-T cells 
so that they overexpress chemokine receptors in order to increase 
CAR-T cell populations in the TME [101]. Overall, the studies 
conclude that calculating the relevant chemokine-chemokine 
receptor axes between tumors and the CAR-T cells could potentially 
allow for better tumor infiltration [102]. There are preclinical, and 
early-phase clinical trials being held to explore this.

Conclusion
Although CAR-T cell therapy is a new and innovative treatment 

for malignancies, researchers run into many difficulties that need 
to be overcome for it to be truly successful [6]. Most importantly, 
researchers want to maximize survival as well as assure there 
are durable clinical benefits. In fact, there have already been 
breakthroughs, but there are many more to come [103]. For 
now, the TME still presents problems for T cells like competition 
for resources, physical barriers, and other immunosuppressive 
cytokines and chemokines [104]. We have yet to have a full 
understanding of the TME and the therapeutic resistance inherent 
to it. Nevertheless, CAR-T cell therapy is unquestionably worthwhile 
to research, and the final perfect model of it has the potential to 
shape the future of cancer research [105]. According to Nagai, H. 
and Kim.
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